
1

Sustainability
From Awareness to Application

Thomas Maier, P.E.

The following presentation was given by Thomas Maier at the SWANA Quad State 
Conference, Virginia Beach, Virginia, July 28, 2011.

This presentation addresses the issue of sustainability beginning with a broad global 
perspective to build awareness and moving to a specific application: the new 
Envision sustainability rating system for infrastructure.
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Sustainability  Awareness

Something is sustainable if you can continue doing it indefinitely.

This incredibly simple concept is incredibly difficult for us to apply.

If an activity consumes resources faster than they can be replenished then it’s not 
sustainable. Period. Eventually you run out of resources and you have to stop.

How well are we doing at living on this planet in a sustainable way?



3

Sustainability  Awareness

We are like the patient whose doctor says, “I have bad news and worse news.”

“What’s the bad news?” we ask.  

The doctor replies, “You have only 24 hours to live.”

“That’s terrible,” we say.  “How can the news possibly be worse?”

“I’ve been trying to contact you since yesterday.”

Maybe our situation is not quite that bad, but

Our awareness is lagging behind our circumstances, and our response is even 
further behind.
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Sustainability  Perceptions

The following six statements can be used to gauge one’s perceptions regarding the 
environment and sustainability. 

Mentally note at what point you agree and when you no longer agree.

1, Natural resources and ecological systems are essentially limitless.

2. Natural resources and ecological systems are finite.

3. Finite natural resources and ecological systems must be effectively managed, 
maintained and enhanced.

4. Society is using up resources and ecological carrying capacity faster than they 
can be replaced, replenished or restored.

5. Reaching or exceeding resource or carrying capacity limits has serious
consequences.

6. Society must act soon before the consequences become inevitable, devastating 
and irreversible.

Now let’s examine the meaning of this progression.
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Sustainability  Six Degrees of Recognition

1. No Limits: Natural resources and ecological systems are 
essentially limitless.

2. Limits: Natural resources and ecological systems are finite.

3. Stewardship: Finite natural resources and ecological systems 
must be effectively managed, maintained and enhanced.

4. Predicament: Society is using up resources and ecological 
carrying capacity faster than they can be replaced, replenished 
or restored.

5. Consequences: Reaching or exceeding resource or carrying 
capacity limits has serious consequences.

6. Urgency: Society must act soon before the consequences 
become inevitable, devastating and irreversible.

Source: ASCE Fundamentals of Sustainable Engineering Course

The six statements represent six degrees of recognition regarding environmental 
degradation and the need to respond.

The progression is from viewing natural resources as limitless, to recognizing limits, 
recognizing a responsibility to manage and maintain, recognizing that our past 
failures have caused problems, and that these problems have consequences in our 
lifetime and we need to do something now.

We can each gauge for ourselves where we are on this scale.
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Sustainability  Six Degrees of Recognition

Attitude
1. No Limits I can use whatever I need.

2. Limits I know there are limits but there are plenty of 
resources left.

3. Stewardship I have a moral, economic and often a 
regulatory obligation to manage well.

4. Predicament I need to understand these limitations and 
their possible consequences.

5. Consequences I understand the consequences and they 
could be severe.

6. Urgency I need to take action now to deal with urgent 
and serious problems.

Source: ASCE Fundamentals of Sustainable Engineering Course

Each degree of recognition generally goes along with an attitude that guides one’s 
actions.

The attitudes range from “I can use whatever I need” to “I need to take action 
NOW.”

Do we need to take action?  Let’s return to that doctor diagnosing the planet’s 
health.
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Sustainability  Awareness

Habitat Land

If your body’s activity level was demanding more than your heart and lungs could 
supply, how long could you maintain that? Not longer than a sprint.

What are we demanding of the planet we live on?

One metric developed for the purpose of answering that question is called the 
ecological footprint; a measure of human demand on the Earth's 
ecosystems based on consumption and pollution.

It is the number of acres (or hectares) of crop land, grazing land, forest land, etc. 
that would be required to support and sustain a person’s lifestyle plus the carbon 
emissions resulting from their lifestyle. The earth’s ability to supply what our 
footprint demands is called biocapacity. How do ecological footprint and available 
biocapacity compare?
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Sustainability  Awareness

Since 1978, the combined demands of the human population have exceeded the 
earth’s capacity to keep up.  We are in ecological debt.  Just as it is possible to 
spend more than you earn – for some time at least – it’s also possible to take more 
from the earth than it can replenish without immediately hitting a wall.

To add to the challenge, because of skyrocketing population, the biocapacity
available per person is falling every year.
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Sustainability  Awareness

Today humanity uses the equivalent of 1.5 planets to provide the resources we use 
and absorb our waste. This means it now takes the Earth a year and a half to 
regenerate what we use in a year.

If current trends continue, before 2040 we will need two earths to support us. And of 
course we only have one.
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Sustainability  Awareness

A world map stretched to show consumption by country would look like this.

Red indicates where consumption per person exceeds the available biocapacity.

Green indicates where consumption is less than biocapcity.

Turning resources into waste faster than waste can be turned back into resources is 
called overshoot, and results in depleting the very resources on which human life 
depends.

That means we are depleting the capital instead of living off the interest.
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Sustainability  Awareness

Consuming resources faster than the earth can replenish them is like running your 
engine in the red zone.  You can do it for a while – but then you have to face the 
consequences.

The result is collapsing fisheries, diminishing forest cover, depletion of fresh water 
systems, and build up of carbon dioxide. 
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Sustainability  Awareness

Atmospheric carbon dioxide levels have risen from a pre-industrial level of 275 ppm
to the current level of 390 ppm, and are on track to exceed 600 ppm by the end of 
this century.

The average global temperature has risen almost 1.5 degrees Fahrenheit, and 
previously unexpected consequences and natural feedback loops have been set in 
motion.

For example, in North America, the mountain pine beetle, which is no longer killed 
off by cold winters, has killed 33 million acres of pine trees.

Frozen peat bogs in Siberia, previously locked under permafrost, are starting to 
thaw.  These bogs, the size of France and Germany combined, account for 25% of 
global methane storage within the ground – billions of tons.  This methane will be 
released over the next century and could double the atmospheric methane level.  
The process has started and is essentially irreversible.
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Sustainability  Awareness

For the past several years in particular we have been deluged with data regarding 
what has already changed on our planet.

From 1968 to 2007, 40% of arctic ice melted away.



14

Sustainability  Awareness

The pink line shows the median sea ice extent in the arctic for 1979-2000.  The 
satellite photo shows the actual ice extent in 2007.
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Sustainability  Awareness

In the last three years, commercial vessels have actually used the northwest 
passage for the first time, cutting 2500 miles off the trip from Rotterdam to 
Yokohama. 

Previously, only ice breakers could get through – and only in the summer months.
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Sustainability  Awareness

What about food supply?

Research has shown that wheat grown under the CO2 level projected for 2050 
yields less grain and contains less protein and iron.

Even though the global area harvested for wheat is declining…
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Sustainability  Awareness

… world grain production is being sustained by the increasing use of chemical 
fertilizers to provide nitrogen, potassium and phosphorus.
Is that sustainable?
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Sustainability  Awareness

No. The United States domestic supply of accessible phosphate is projected to run 
out by midcentury and the remaining global deposits, primarily in Morocco and 
China, are projected to be depleted by the end of the century.  Of course, estimates 
vary, but all agree that phosphate supply and fresh water supply are the limiting 
factors for global food production.
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Sustainability  Awareness

What about water supply?

Glaciers in the Himalayas and Andes that act as reservoirs for vast portions of Asia 
and South America and provide snow melt throughout the summer are melting 
away.  In northwest China, 300 million people rely on snow melt for their water 
supply – and they are losing it.

Rising sea levels have contaminated drinking water supplies in Bangladesh through 
salt water intrusion.
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Sustainability  Awareness

In the US, there are numerous water crises looming west of the Mississippi.

There is a 50% chance that Lake Mead behind Hoover Dam could run dry by 2021.
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Sustainability  Awareness

How are we responding?
We can feel good about business-as-usual for the short term, but can we live with 
the consequences?

In political discourse, it has been common to refer to saving the planet for our 
grandchildren.  Well based on the flood of data over the last 5 years regarding 
environmental damage, Bill McKibben has pointed out that this is not our 
grandchildren’s problem – it was our parents problem – and they (and we) have 
failed to act decisively.
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Sustainability  Awareness

$350B needed annually through 2030

$390B actual world expenditure 2000-2007 
combined

Oil exploration and investment:

Can we just keep doing what we’re doing?

The International Energy Agency has predicted that maintaining our oil-based 
economy will require $350 billion in exploration and investment every year through 
2030.  

Compare that to the world-wide expenditure on those items of $390 billion dollars 
for the entire period of 2000-2007 when the economy was booming.
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Sustainability  From Awareness to Application

When I first delved into the data, it had quite an emotional impact on me.  It took me 
some time to work through the feelings and to try to move on to action.

What I realized is that there is so much data showing that our current rates of 
consumption and pollution are leading to very unpleasant consequences, that it 
really doesn’t matter if I believe Theory X or Theory Y.  If we didn’t have global 
warming, we would still be running out of oil and fresh water and phosphate and 
clean air.
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Sustainability  From Awareness to Application

Reducing 
carbon

emissions 
isn’t just for 
environmentalists

anymore.

A message on the lid of a yogurt container is worth passing on:

“Reducing carbon emissions isn’t just for environmentalists anymore.”

What can we do about it?

One small but specific application is the use of sustainability rating systems.
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Sustainability  From Awareness to Application

Sustainability 
Rating Systems

The idea of sustainability or green rating systems has been around since the 
1990’s.

They are increasing in notoriety and importance, and have proven to be a 
motivating force – at least to some extent.

They are an attempt at encouraging sustainable development and

worldwide, at least 120 sustainability rating systems have been developed to date.

The most well known in the US is the LEED system from the US Green Building 
Council – which addresses buildings.

Since 1998, more than 7000 buildings have undergone LEED evaluation.

While LEED is applicable in some instances to what we as SWANA members are 
involved in, there are other projects, such as landfills, that fall under the category of 
infrastructure rather than buildings.
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Sustainability  Application

Infrastructure Sustainability Rating Systems
• CEEQUAL (UK, 2004)

• Envision (USA, under development)

Institute for Sustainable Infrastructure

There are systems specifically for infrastructure, the most prominent being 
CEEQUAL – the Civil Engineering Environmental Quality Assessment.

It was developed in the UK, and was first used in 2004. As of 2010, projects totaling 
$24 billion had been or were in the process of being evaluated, with 175 projects 
currently under evaluation.

Project teams using the process have found it results in significant differences and 
improvements to the project outcome.

The CEEQUAL organization has assisted the American Society of Civil Engineers 
and others in the development of a rating system for use in North America – the 
Envision rating system – produced by the newly formed Institute for Sustainable 
Infrastructure (ISI).
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Sustainability  Application

• CEEQUAL Evaluation 
Categories

Principles Incorporated into Envision

• Triple Bottom Line (Economic, Environmental, Social)

Several important principles are advocated by ISI and they have attempted to 
incorporate them into the Envision rating system.

The first principle is that sustainability is achieved by working to simultaneously 
optimize economic, environmental and social benefits.  This triple bottom line needs 
to be the basis for decision making, otherwise sustainable development will not 
happen.
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Sustainability  Application

• CEEQUAL Evaluation 
Categories

Principles Incorporated into Envision

• Pathway and Performance Contribution

• Systems Thinking

• Triple Bottom Line (Economic, Environmental, Social)

• Enlarging Opportunities

When involved in a project, we all focus on how well we execute the project itself –
that’s the performance contribution. The bigger picture of how the project impacts 
communities and integrates with other infrastructure is the pathway contribution -
how a given project aligns with overall community needs, increases overall 
infrastructure effectiveness, and contributes to quality of life.

Systems thinking requires an understanding of the complex interactions that 
characterize our planet.  A systems approach considers sustainability from the 
beginning and seeks to improve performance in multiple dimensions without 
diminishing performance in other dimensions.  It differs from a stacking effort that 
piles on green features at the end of a project for the sake of appearance.

Finally, the principle of enlarging opportunities – which is the subject of the next few 
slides.
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Sustainability  Application

Enlarging Opportunities:

Sustainability at All Project Phases
• Planning

• Design

• Construction

• Operations & Maintenance

• Decommissioning

The goal of this principle is to address sustainability at all project phases.
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Sustainability  Application

Adapted from CII Constructability Primer.
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As we all know, the decisions made at the planning and design stages of a project 
have the greatest influence on project outcome.  Once the expenditures start 
ramping up for procurement and construction, it’s too late to make major changes.
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Sustainability  Application

Source: ASCE Fundamentals of Sustainable Engineering Course

Bill Wallace has suggested that we consider influence on three axes – entitled:

project life cycle;

stakeholder collaboration; and

sustainable performance.

Project life progresses from planning & design through construction, O&M and 
decommissioning. 

By addressing sustainability at all of these stages, we maximize the potential for 
improved performance.

The widening circles of stakeholders progress from the owner and project team, to 
affected stakeholders, partner organizations and regulatory institutions.

By engaging wider circles, again we increase our opportunities for improvement.

The level of project performance can range from conventional to improved, 
sustainable, and restorative.
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Sustainability  Application

Opportunity Space

Source: ASCE Fundamentals of Sustainable Engineering Course

The principle of enlarging opportunities is that by including all phases of project life 
and involving wider circles of stakeholders, we enlarge our opportunities for 
achieving sustainable performance.

Now let’s take a look at the Envision system itself.
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Sustainability  The Envision Rating System

Source: Institute for Sustainable Infrastructure 

This is brand new material just released for public comment on July 5.

The rating process has more than one stage.

Stage 1 is a self assessment – using a checklist to become familiar with the 
opportunities for improvement.  The list consists of a total of 83 objectives divided 
into 10 categories. We’ll look at a few example objectives shortly.

Stage 1 is an exploratory step.  The real evaluation happens in Stage 2 – Project 
Assessment and Recognition.

At this stage a scoping exercise can be performed to eliminate objectives that are 
irrelevant to the project – about half of the 83 objectives are mandatory and must be 
included in any assessment, and each of the remaining objectives can be scoped 
out one by one if not applicable.

The process continues with gathering evidence that objectives have been 
accomplished and going through a verification process to earn formal recognition of 
the project’s achievement level.
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Sustainability  The Envision Rating System

Categories of Infrastructure

Source: Institute for Sustainable Infrastructure 

These are the 10 categories established for the rating system.

The intent is to be comprehensive. For convenience, the categories can be grouped 
under three general themes.

High level planning is addressed under Category 1: Project Pathway Contribution 
and Category 2: Project Strategy and Management. 

Categories 3 and 10 focus on societal effects.

The other six categories focus mainly on environmental issues, but they have many 
social implications as well.

Conspicuously absent is an economic category.  It is assumed, and rightly so, that 
the owner is performing financial analyses.  When it comes to the triple bottom line, 
economic benefits almost always get the most emphasis, so the obvious need is to 
encourage focus on environmental and social benefits. 

Under these 10 categories, there are 83 specific objectives.

Let’s take a look at just a few examples.
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Sustainability The Envision Rating System

Example Objectives

• Land Use and Restoration: Prevent soil loss and 
pollution infiltration from stormwater runoff during 
construction.

• Project Pathway Contribution: Avoid traps and 
vulnerabilities that create unacceptably high, long‐term 
costs or risks.

Some objectives address long-term strategic thinking, for example: Avoid traps and 
vulnerabilities like dependence on resources that will become scarce.

Some objectives address a short period of time (construction) and very concrete 
goals – like prevent soil loss.
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Sustainability The Envision Rating System

Example Objectives under

Project Strategy and Management

• Pursue opportunities for sustainability improvement 
throughout the useful life of the project.

• Work with public agencies to identify and resolve 
conflicting regulations, standards and policies.

• Pursue by‐product synergy applications. 

Some of the most exciting opportunities for project improvement are found under 
the category of Project Strategy and Management.

Byproduct synergy refers to using the waste from one operation as a resource for a 
different operation.… We’ve all seen examples of this: the use of peanut hulls for 
landfill access roads, using landfill gas to generate electricity, using heat from those 
generators to dry sewage sludge, etc.  Regional byproduct synergy networks in 
many areas help make this happen.

Pursue opportunities for improvement throughout the useful life of the project. We 
saw this earlier under the principle of enlarging opportunities.

Work with public agencies to identify and resolve conflicting regulations, standards 
and policies. This is really an opportunity to think outside the box.  Can you come up 
with something good enough that policy makers and regulators will change the 
status quo to help make it happen?  It has been done.



37

Sustainability  The Envision Rating System

Categories of Infrastructure

Source: Institute for Sustainable Infrastructure 

The first draft of the Stage 1 and 2 materials is now available for public comment.  
Two more stages are proposed in the future.

Stage 3 will be for rating the operating performance of existing infrastructure.

Stage 4 will link the rating system with decision support tools. This is an attempt to 
address the tension between simplicity at the Stage 1 and 2 levels and accuracy, 
with more quantitative evaluations being performed at Stage 4.
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Sustainability The Envision Rating System

Stage 4 Tools:

Life Cycle

Assessment
bauxite mining

manufacturing

recycling

use phase
transport

energy supply systems

bauxite miningbauxite mining

primary 
aluminum 
production

bauxite mining alumina production

sheet fabrication

One of the most important tools that needs to be applied is Life Cycle Assessment.

This technique was originally developed to assess environmental impacts 
associated with the life cycle of a given product.  With modifications, it is applicable 
to evaluation of alternatives for infrastructure projects.

The Envision system gives credit for performing a life cycle energy assessment and 
a life cycle carbon inventory.
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Sustainability The Envision Rating System

Potential Influence of the Envision System

• A factor in loan rates and bond ratings

• A factor in “Infrastructure Bank” financing decisions

• A measure of good government

Will it make a difference?

The Envision system could become a measure of good government for large public 
projects – a sort of seal of approval to indicate to the public that economic, 
environmental and social concerns are being addressed.

It could be adopted by the financial sector as a tool for selecting which projects get 
the most favorable loan rates and bond ratings.

A bipartisan bill recently introduced in the Senate would create an “American 
Infrastructure Financing Authority.” Again, the Envision system could become a 
factor in financing decisions made by this proposed authority.
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Sustainability The Envision Rating System

Evaluation of the Envision System
• Weighting scheme difficulties

Does the rating system accurately measure sustainable performance?

Partially – and that’s OK.  It’s not possible to be simultaneously simple and accurate 
when it comes to sustainability.

At the simpler Stage 1 and 2 levels, the use of a fixed weighting system presents 
inherent limits to accuracy.  In some cases a short term action with small effects can 
earn the project the same number of points as a long-term action with much larger 
effects.

The way to overcome this would be to use Stage 4 quantitative analyses to 
establish the relative benefit achieved by various actions – but even then there are 
many objectives that have benefits that simply can’t be quantified.
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Sustainability The Envision Rating System

Evaluation of the Envision System
• Weighting scheme difficulties

• Greenwashing vs. 

improved performance

This leads to another issue, the possibility of using the system for greenwashing by 
simply getting all the points that can be obtained with minimal cost and effort to 
create an appearance of being green without really doing anything beyond the 
conventional.

The key to avoiding these pitfalls will be to have assessors and verifiers who are 
committed to improved performance.
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Sustainability

Source: Our Ecological Footprint, Wackernagel and Rees

Think and Act Sustainably

My goal is not to advertise a rating system.

My goal is for all of us to think and act sustainably;

to accept that we are in overshoot – in ecological deficit;

to embrace the reality that our planet is becoming very small and we are 
experiencing serious consequences right now, today.
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Sustainability

Limits to Growth

Sustainability is fundamentally about limits to growth.
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Sustainability

Recognize limits…
Have the will and foresight
to live within them.

Limits to Growth

It’s about recognizing there are limits to growth and having the will and the foresight 
to live within them –

whether or not we use a rating system.
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Sustainability

The first step is awareness.

With awareness comes responsibility – responsibility to act.
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Thank you


