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Introduction 
 
Over the past few years, a growing number of ecological and sustainable programs, protocols, 
formats, and design tools have emerged. This rapid proliferation is confusing to many newcomers 
to the sustainable design field who want to understand which tools to use and when. Choosing 
from among the number of tools is daunting. Each has its own focus, attributes, and challenges. It 
is often difficult to discover whether the process or tool has been applied before and with what 
degree of success.   
 
How is a designer to sort through and select what tools and approaches are most appropriate for 
designing more sustainably? 
 
In response to this need, the Natural Step has developed a new methodology that begins to 
clarify how various tools and approaches can be used at different points in time and in distinct 
projects. The approach is based on the Natural Step Framework, a science-based and peer-
reviewed method that enables integrations of sustainability factors into decision-making 
processes. (See Appendix A.) The framework defines what sustainability means and helps 
organizations apply the concepts to their decision-making processes. In addition, the approach 
can be applied to assess the sustainability implications of today’s products and processes as well 
as to determine the measures that must be undertaken to make them more sustainable.  
 
For designers, the Natural Step Framework explains how to understand design in the context of a 
whole-systems approach to problem solving. It offers an alternative vantage point through a set of 
principles (Appendix B) and strategic tools that are based upon an understanding of the 
functioning of ecological and social systems.  The Framework is applied within a process called 
“backcasting,” during which a sustainable future outcome is envisioned (such as, a sustainable 
product or a sustainable business) and then using TNS’ principles for sustainability an 
assessment is made of the current state of play (e.g., of the product or business) and a clear path 
from where we are today to where we need to go emerges to work toward the vision. One can 
then begin to solve design problems in a manner that points forward towards sustainability.  
 
This paper will illustrate how the Natural Step Framework and process of backcasting can be 
easily applied to the design process. The structure of the paper follows a standard design 
process. 
 
Understand 
 
Understanding sustainability and the possibility for sustainable designing are the first steps in the 
process. The process begins with definitions.   
 
A sustainable system is one that can continue indefinitely. A sustainable society is one that does 
not impair or overload either the ecological or social systems that provide for its needs. A 
sustainable product, process, or organization is one that works within the parameters of 
ecological and social functioning and resilience. That is, works within nature’s limits and the rights 



of those with whom it interacts, however remotely.  It is that basic, and, at the same time, that far 
removed from what we do today. 
 
At the highest level, social, environmental, and economic problems are design problems. When 
we design, however, we tend to close out images of rain forests, grasslands, comfort, and hunger 
as extraneous to getting the job done. 
 
However, not considering these broader issues is increasingly becoming a challenge as demands 
on natural resources are increasing on a global scale. At the same time, many natural systems, 
and the life supporting services they provide us are in decline. Productive topsoil is eroding and 
greenhouse gas–induced climate change is underway. Forests are disappearing, and with them 
the air and water purification necessary for life as we know it. Biological diversity and the 
robustness of our ecosystems are decreasing as species vanish. Overall, basic ecological 
services —things like clean water and air, upon which we all rely—are being undermined. These 
changes are being brought about within a context of deep inequities, as a mere 20 percent of the 
population consumes 80 percent of the world’s resources. As the 80 percent demands more, the 
process is accelerating. The Natural Step uses a metaphor of the funnel to describe the inevitable 
tightening of global constraints due to the problems of society’s increasing demands upon the 
planet.   
 
 

 
 
This funnel is created by the confluence of the diminishing capacity of our life-supporting 
ecosystem services (such as fisheries and forests, clean air and unpolluted water, biodiversity 
and abundant topsoil) with increasing demand on them. The former is created by people’s current 
unsustainable activities, while the latter is due to the increase in unsustainable activities. 
 
Our reliance on unsustainable practices is deeply rooted in the core of the current way of doing 
things. We extract more stuff, more rapidly, from the earth’s crust, than can be replaced or re-
formed. We create compounds, materials, and objects that are not easily broken down in nature 
and systematically pile up within our environment. We fundamentally alter the ecological 
dynamics of landscapes by systematically displacing them (cutting them down, paving over them, 
and filling them in), jeopardizing ecosystem resilience and further diminishing ecological services. 
We also alter cultures. We continue to engage in practices that expand the gap between people 
who cannot meet their basic human needs, creating an increasingly large population of people 
who have to be focused exclusively on sustaining themselves and their families—one day at a 
time. This situation is not leading to global ecological and social resilience and vibrancy. 
 
Sustainable development focuses on these issues proactively, based upon an analysis of what 
sustainability means and implies for humans. This approach fundamentally differs from traditional 
end-of-pipe solutions to pollution and social problems. All too often, these problems are 
addressed reactively, using technical means to address symptoms only after problems have 
arisen. Within a sustainability framework, the goal is to address issue upstream, early in the 
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decision-making process. Thus, the intent is to design problems out of the system. For 
commercial applications and design, the result is that the pursuit of business does not 
systematically create the kinds of social and environmental problems that will, sooner or later, 
harm business performance and reputation. 
 
The Natural Step Begins with Two Premises  
 
The first is that sustainability includes both people and ecological systems. The former because 
extinction is not something one wants to face anytime soon, and the latter because it is required to 
avoid the former. The second is a biophysical and societal premise that humanity cannot tolerate 
continual and systematic degradation of the environment.  
 
The principles of the Natural Step are based on basic science, specifically including the first and 
second laws of thermodynamics, and the principles of conservation of matter and energy.  Today, 
through our rapid extraction of materials from the earth’s crust, and the use of stored energy 
(fossil fuels) to convert matter to other forms, we are impacting the ecological systems on a scale 
that is truly evolutionary. We are rapidly altering some of the very processes (which occurred over 
a very long period of time) that make our life possible on Earth. 
 
This vantage point has led to a set of overarching system conditions for sustainability, which are: 
 
The Natural Step’s System Conditions for Sustainability 
 
In a sustainable society flows of energy and matter would be in balance, and basic needs would 
be met worldwide. The Natural Step defines success in this system as a society where there 
would not be:  

1.    Systematically increasing concentrations of matter extracted from the earth’s crust,  
2. systematically increasing concentrations of human-made compounds building up in 

nature,  
3. utilization of renewable resources at rates faster than they are regenerated and a 

reduction of the productive capacity of nature, and  
4. people whose ability to meet their human needs is systematically undercut.    

 
These four systems conditions are the parameters which actions and strategies are assessed 
against in order to understand their relative sustainability. One can ask: Is this product reliant on 
materials extracted from the Earth’s crust?  Is it produced in a context in which people are unable 
to meet their basic needs? These and many other questions can be posed to highlight currently 
unsustainable aspects of products in all phases of the design process. 

 
Fig.1. Instructor at Stanford 
working with students as they 
put existing products through 
the Natural Step’s four system 
conditions and map the results 
in an effort to fully understand 
the product and its larger 
context. 
 
Understanding and developing 
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visual design, or computer science.  It requires exposure to the subject, some study, and practice 
to develop the expertise to make it one’s own.  The Natural Step Framework provides a useful 
and accessible entry point for the designer, offering a set of straightforward principles and 
methods that can be integrated into the designer’s process and intention. 
 
For designers, the initial pathway forward is simple and focuses on subtle shifts in intention and 
acknowledgement. That is, if designers were to make two small changes in their thought 
processes, enormous changes could occur in the resultant products.  These two changes include 
the following:  

• a designer intends to design sustainably 
• A designer acknowledges and understands a structured sustainability-focused decision-

making approach that informs the design process by allowing it to be the larger frame 
within which the rest of the decision-making resides. 

 
A designer’s intuition is formed from years of study and experience, as is the intuition that 
accompanies the understanding and application of the principles of sustainability. As a designer 
may develop depth of expertise and specialization in aesthetics, human factors, strength of 
materials, mechanism design, or any number of areas, so may the designer develop expertise in 
the many aspects of sustainability. As with any area of expertise, the first step requires interest, 
awareness, and desire. The rest follows naturally from there. 
 
The goal in educating both students and professional designers is to promote an understanding 
of an interconnected systems approach right from the start. In addition, it is essential to develop 
and share a basic language with the other players involved in the processes of designing, 
producing and marketing products. Once a shared language has been established, general tools 
and templates and more specific toolsets can be enlisted at each step. Designers everywhere 
can then take an active approach to creating products that can promote a positive ecological and 
social future. 
 
Explore 
 
Good designers are expert at encouraging and maintaining the flow of innovation until they reach 
high levels of excellence and inspiration in their problem solving. They rely upon collaborators to 
inspire their creativity, and they understand the leverage that is attained when working in teams. 
They are comfortable with multiple disciplines, valuing the contributions of partners with depths of 
expertise different than their own. They are often multidisciplinary themselves, being comfortable 
working within, or in between, several traditional divisions of task in industry creating elegant 
solutions that fit their intended users and fulfill their intended purposes perfectly. 
 
Good designers also know when to stop. They are adept at juggling the many aspects of a project 
that constrain it with the goal of producing the best solution possible within the boundaries that 
have been defined. They operate in a complex environment and make qualitative decisions, such 
as choices pertaining to aesthetics or emotion, as readily as quantitative, such as those 
pertaining to cost or strength. They can manage and schedule complex tasks, and structure 
realistic completion points that define success in areas where this definition is often not clear. 
 
The product-development process is often represented in some sort of linear fashion. Moving 
from need through exploration and definition through to production and launch. However, in 
reality, there is much movement forward and backward and within cycles of thought at each step. 
For this reason, designers are trained to be expert thinkers. They learn to think both flexibly and 
fluently—easily toggling between many different modes simultaneously. In analyzing all the 
aspects of a problem designers must— in a freewheeling fashion—think analytically, visually, 



kinesthetically, and in terms of mechanics, communication, use, etc. These types of thinking are 
interleaved, creating in a continuous flow that we recognize as the process of design. 
 
Sustainability systems-based thinking is applicable at all levels of the design process. As design 
proceeds down a path of increasing constraints and increasing refinement, so too does the 
process of envisioning and planning for sustainability within the context of a business or a 
product. 
 
Overall, good designers are comfortable working with complexity, which is at the very core of the 
Natural Step’s approach to sustainability-oriented systems thinking. This approach calls for 
rigorous thinking through decision-making that is fundamentally suited for complex dynamic 
systems and fluent thinkers. 
 
One thinking process from an area of sustainability expertise that can be readily overlaid on to the 
design approach is that of “backcasting from success,” which begins with envisioning a final 
result, looking at where one stands today, and focusing on a design that moves toward the 
envisioned goal. It is quite obvious that at a high level, designers follow these steps today. They 
simply do not have the intention to design sustainably—or a set of sustainability principles—
integrated within this process. These missing elements are both found within the Natural Step 
framework. 
 
The framework consists of four steps.  In the first step (A) criteria for sustainability are discussed.  
In the second step (B) the present activities are analyzed in relation to the system conditions.  In 
the third step (C) future possibilities and options, based on the system conditions and the results 
from step 2, are discussed.  In step four (D) strategies towards sustainability are found. 
 
The process of design and the Natural Step framework can be considered as cyclical processes 
and nested within one another. Design for sustainability can be readily integrated into the 
designer’s current creative process. 

 
Fig. 2. Alignment of design 
thinking process and the Natural 
Step’s process for implementing 
sustainability from the TNS 
sustainable design manual. 
 
 
 
 
 
 
There are touch-points in the 
cyclical nature of both processes 
that enable natural overlap. For 
example, the phases of the design 
project are as follows: 
 

 
1.  Understand. The design team asks, “What is the problem and what is the need?”  
2.  Explore. The design team asks, “What are the possible solutions? 
3.  Define/Refine. The team asks, “What is the best solution?”  
4.  Implement. The team asks, “How will we make it?”  



 
Similarly, at each decision point made by the designers, the cyclical process occurs again, and so 
on into every aspect of the decision-making process. The process becomes deeply nested and 
very specific. 
 
The Natural Step’s cyclical process for implementing sustainability is also a nested one. It 
requires the same sort of fluid and flexible thinking as the design process, and is most effective 
when the user can readily shift between levels and stages during the application. The process 
enables drawing upon questions, strategies, actions, and tools at all levels of work. 

A.  Acknowledge. Ask questions to understand sustainability 
B.  Baseline Assessment. Apply strategies to assess current status  
C.  Envision. Take action to create a clear vision for moving ahead using the Natural 

Step’s 
framework and system conditions as a tool. 

D.  Implement. Use tools to implement the vision and evaluate its success  
 
Overall, design development and the Natural Step’s framework, in essence follow the same 
process, but with different sets of questions, strategies, actions, and tools applied by those who 
use them. 
 
The principles of sustainability provide a deep and exciting new framework for innovation and 
invention.  By infusing the many disciplines of design with these principles, the potential for 
revolutionary problem solving becomes possible, as does the importance of the designer’s role in 
envisioning and crafting a sustainable future.  Like any new insight that improves a designers 
knowledge of what success requires, sustainability creates an improved design context, where 
the payoff is increasingly intelligent design that provides higher levels of value and functionality. 
 
Define—Refine 
 
Once designers and design students have understood sustainability principles and have 
assessed their products—even at a high level—against the Natural Step’s system conditions for 
sustainability, they can envision a product that is sustainable (e.g., meets the Four System 
Conditions or sustainability principles). The next step is to refine one’s options for action.  
 
A few overarching categories divide up elements needed to guide action, which includes the 
following: 
 
Sustainability Objectives—Tell you where you are going, which is towards sustainability (e.g., 

meeting the system conditions).  
Sustainable Design Principles—Tell you what are the guides/guideposts on your decisions, by 

focusing on what can/should be done. 
Guiding Questions—Tell you what strategies you should consider. 
Sustainable Design Strategies—Tell you how to navigate (between the guideposts/principles) 

to where you want to go. 
Guiding Questions—Tell you what actions you should consider. 
Actions—Tell you what to do (what tools to choose based on strategies chosen). 
Tools—Tell you what information to gather and how to organize it in order to assist with decision- 
making (i.e., sort out info and support efforts to assess what should be done). 
 



Obviously, these elements are all 
nested and, thus, interrelated. 
 
Designers can now consider 
whether a tool or process highlights 
opportunities for change.   
 
 
 
 
 
Fig. 3. TNS developed the 
Sustainable Design Process Deck 
for envisioning action plans and 
sorting tool choices. 
 
 

Implement 
 
In order to shift towards sustainable design, the actions a design organization considers should 
incorporate the three major strategic principles of dematerialization, substitution, and 
humanization. 
 
What do they mean? 

1. Dematerialize. Reduce material and energy flows 
2. Substitute. Exchange type or quality of material flows and/or activities that are 

particularly 
                     problematic from a sustainability perspective 

3.    Humanize. Decrease adverse impacts of decisions upon human conditions and 
social systems 

and avoid decisions that consolidate resources and/or deny access (informational, 
financial, natural, etc.) 

 
By simply asking questions about these actions, the designer can begin to evaluate a particular 
problem or solution in a different light, and facilitate decision-making that will create more 
sustainable solutions. 
Dematerialization, Substitution, and Humanization are interlinked and interconnected actions. 
They interact in a complex and rich space in which expertise and task-specific learning may be 
required. Designers can drill down to achieve depth in any one of these actions, and at any level 
of the design process, be it question, strategy, action, or tool. 
 
Designers will require help to develop their own expertise in sustainability. They will require the 
aid of experts so that they may ask questions and seek advice. Organizations involved in design 
will benefit from partnerships with scientists, universities, and nongovernmental organizations 
(NGOs) involved in leading-edge research in issues surrounding sustainability.   
 
For example, individuals trained in biology and chemistry can excel in biomimicry, using natural 
systems as metaphors for innovative design. Designers trained in issues surrounding 
sustainability can understand how to ask the right questions, and infuse the design process with 
innovation adding sustainable thinking into the mix. Designers trained in ecology can bring a 
different sensibility about the design of interactive components in a system, or focus efforts on 
reclaiming the increasing volume of waste material. Manufacturing engineers can become expert 
in understanding labor issues and applying metrics to evaluate social accountability to guide 



decisions made about manufacturing processes, or they may become expert in substitutions of 
materials flows in manufacturing. 
 
The Natural Step framework and approach supports the project or team effort by clearly using a 
common framework and vocabulary, and the TNS sustainability principles of the four systems 
conditions become usable as sustainable design principles by all members of the team. 
 
 
 
Conclusion 
 
For the designer, the early twenty-first century context is both a challenge and a significant 
opportunity. Industrial design, through the past century, has developed a mastery of materials, 
aesthetics, manufacturing processes, and human-factors knowledge.   
 
Sustainable Design will be the next logical step in the development of human-centered design. 
This new approach will adapt and extend current design capabilities to fully include our increased 
understanding of both natural and social systems—seeking to avoid adverse ripple effects on 
either the Earth or for people, human relations, and the diverse cultures of the world. The new 
products will focus on enabling users to satisfy the required services without harming planet or 
people. 
 
Today, good design provides for people’s needs in a sensitive and clever, often ingenious and 
elegant, fashion within the framework and boundaries of our current industrial society. 
Sustainability simply compels designers to design with the best picture of our present and future 
reality possible. Included in this is our knowledge of how the planet works.   
 
Development of sustainable design expertise offers the potential for an ever-increasing role of the 
designer in shaping the world in which we live and to potentially repair past damage done. 
 
Design will expand to include increasing levels of information and mediation and will require 
collaboration between designers, businesses, individuals, NGO’s, governments and other 
stakeholders to integrate the seemingly disparate issues and interests. This collaborative 
approach combined with a realigned design methodology will begin to balance economic, 
ecological and social value in our world. 
 
Many designers, educators, and organizations are beginning to explore how to integrate the 
broad-based scientific consensus that the ways and means of completing our actions must work 
with the ecological systems of the planet on which all people rely. This broadening of the design 
intent—beyond beauty and functionality—represents the next frontier in design by expanding the 
notion of human-centered design to include a multispecies and a multilandscape focus. 
 
 



Appendix A: 
The Natural Step Framework 

 
The Natural Step Framework (TNS framework) is a science and systems-based approach to 
organizational planning for sustainability. It provides a practical set of criteria that can be used in 
decision making.  
 
The Natural Step framework was developed by a group of international scientists and is based on 
both an integrated assessment of current economic, social, and ecological dynamics, and on the 
implications of present trends for human society. The approach was developed in the late 1980s 
in response to growing concerns about the public-health problems resulting from toxins in the 
environment and current resource use practices.  
 
In an effort to provide a practical tool for assessing decisions in terms of sustainability, the Natural 
Step framework was created. The TNS framework describes the core guiding principles for 
moving toward sustainability. It is intended to assist decision makers by providing a pragmatic 
tool for understanding and integrating sustainability principles into businesses and organizations.  
 
The Natural Step framework has three main components: 
  
1. The Funnel. The Natural Step uses the metaphor of a funnel, created by increasing demand 
and decreasing availability of natural resources—to better understand the current environmental 
predicament.  
2. System Conditions for Sustainability. The Natural Step worked with scientists to develop a 
set of principles to help guide organizations towards sustainability.  
3. Implementation Strategies. The Natural Step created and tested specific tools used for 
integrating sustainability into complex organizations' strategic planning and decision-making 
processes.  
 
For more information see: http://www.naturalstep.org. 
 

Appendix B: 
The Natural Step System Conditions: 

Four Simple Principles of Sustainability 
 
Sustainability is fundamentally about maintaining human life on the planet and, thus, addressing 
human needs is an essential element of creating a sustainable society. Therefore, one of the 
Natural Step’s principles of sustainability is to meet human needs worldwide.  
 
The other three principles focus on interactions between humans and the planet. They are rooted 
in an understanding that contemporary life is fundamentally supported by natural processes, such 
as the capturing of energy from the sun by photosynthetic organisms and the purification of air 
and water. These processes are essential to maintaining human life.  
 
However, as a society we are systematically altering the ecosystem structures and functions that 
provide life-supporting services and resources that we need to survive. Based on this 
understanding, the Natural Step sustainability principles are based on science and supported by 
the analyses that ecosystem functions and processes are altered when:  
 
1. Society mines and disperses materials at a faster rate than they are redeposited back into the 

Earth's crust (examples of these materials are oil, coal and metals such as mercury and 
lead);  



2. Society produces substances faster than they can be broken down by natural processes, if 
they can be broken down at all (examples of such substances include dioxins, DDT and 
PCBs); and,  

3. Society depletes or degrades resources at a faster rate than they are replenished (for 
example, over-harvesting trees or fish), or by other forms of ecosystem manipulation (for 
example, paving over fertile land or causing soil erosion).  

By considering these three ways in which human life-supporting structures and functions are 
being altered, the Natural Step has defined three basic principles for maintaining essential 
ecological processes.  
 
We also recognize that social and economic dynamics fundamentally drive the actions that lead 
to ecosystem changes. Therefore, the fourth principle focuses on the importance of meeting 
human needs worldwide as an integral and essential part of sustainability.  
 
From this assessment, the Natural Step’s sustainability principles, also known as conditions that 
must be met in order to have a sustainable society, are as follows:  
 
In a sustainable society, nature is not subject to systematically increasing: 
  

1. Concentrations of substances extracted from the earth's crust;  

2. Concentrations of substances produced by society;  

3. Degradation by physical means  
and, in that society:  

4. Human needs are met worldwide.  

How can we—company, organization, individual, family, government, school—employ the 
principles?  
Eliminate our contribution to systematic increases in concentrations of substances from 
the Earth's crust. 
 

This means substituting certain minerals that are scarce in nature with others that are more 
abundant, using all mined materials efficiently, and systematically reducing dependence on fossil 
fuels.  

Eliminate our contribution to systematic increases in concentrations of substances 
produced by society. 
 
This means systematically substituting certain persistent and unnatural compounds with ones that 
are normally abundant or break down more easily in nature, and using all substances produced 
by society efficiently. 
 
Eliminate our contribution to systematic physical degradation of nature through 
overharvesting, depletion, foreign introductions, and other forms of modification. 
 

This means drawing resources only from well-managed ecosystems, systematically pursuing the 
most productive and efficient use both of those resources and land, and exercising caution in all 
kinds of modification of nature.  

Contribute as much as we can to the goal of meeting human needs in our society and 
worldwide, going over and above all the substitution and dematerialization measures 
taken in meeting the first three objectives. 
 



This means using all of our resources efficiently, fairly, and responsibly so that the needs of all 
people on whom we have an impact, and the future needs of people who are not yet born, stand 
the best chance of being met. 


