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What’s Going On?
" Changing Environmental Conditions

On the right is a photo of a mudslide that occurred in Oso, Washington, a small
community north of Seattle. After abnormally heavy rains, even abnormal for
Washington state, heavily saturated soil released and killed 43 people.

http://en.wikipedia.org/wiki/2014 Oso mudslide

On the left is an aerial photo of the city of Olympia, the capital of Washington state.
The blue areas show flood levels predicted for a 100-year tide event coupled with a
one-quarter foot rise in sea level.

The City has plans in place to take action based on the extent of sea level rise. More
about this later in the course.


http://en.wikipedia.org/wiki/2014_Oso_mudslide

[ What's Going On?
Changing Social Conditions
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at’s Going On?
hanging Resource Availability .

Fossil fuels: global production, 18002200

We are starting to experience resource shortages.

This is a graph of the oil and gas production projections, also known as Peak Oil,
that is, the time when conventional oil and gas production will peak and the rate of
decline.

What is also interesting on this graph is the lower time scale. It shows just how
small in increment of time civilization has been using fossil fuels as an energy
source.

This is an economic concept known as Hubbert’s Peak, named after a Shell Qil
geologist (M. King Hubbert) who proposed it back in the ‘50s. The peak will occur
as the easily accessible and less expensive resources are exhausted.

Depending on who makes the estimates, this peak occurs earlier or later in the 215t
century.

Several other factors come into play. Some may cause the peak to be reached
sooner; some later.

* Political instability: ~90% of the conventional oil and gas reserves are controlled
by governments, many of which are in countries that aren’t particularly stable.
Also, they are willing to use their resources to achieve political objectives.

* Moreover, the actual reserves may be less than what is being reported.

* Technology: New technologies can make oil and gas extraction less expensive.
Horizontal drilling techniques and hydraulic fracturing or fracking are recent
advances.



Why bring this up? It brings up the question of what kind of fuels will you be
specifying and what flexibilities will you incorporate in your designs?



Long-Held Design Assumptions Are
No Longer Reliable

We always assumed that design conditions were relatively
constantand predictable...now we cannot.

Changing the cost, availability of critical
resources

Resource Overuse

Changing the mean, variance and

Ecosystem Degradation . i
extremes of environmental conditions

Social Awareness/ Changing the acceptance and approval of
Community Involvement projects

Economic Limitations Competing financial priorities

Scientists are calling this “non-stationarity”

For engineers, the upshot is that Long-Held Design Assumptions Are No Longer
Reliable

We always assumed that environmental conditions were relatively constant
and predictable...now we cannot.

Discuss table

Scientists are calling this “non-stationarity”



ﬁonaritv vs. Non-stationarity

the statistical properties of
engineering design variables will be the same in
the future as they have been in the past.

the statistical properties of
engineering design variables will differ
significantly in the future in comparison to the
past.

You probably haven’t heard the term non-stationarity before...and probably not
stationarity, at least in the context of engineering in the built environment.

Here’s what these terms mean:

Stationarity: the statistical properties of engineering design variables will be the
same in the future as they have been in the past.

Non-stationarity: the statistical properties of engineering design variables will be
different, and perhaps significantly different, in the future as compared to the past.



Frrying Capacity vs. Ecological Footprint
2 T M—

The video you just saw gives you some insight into the changing role of the civil engineer.

Let me explain a little more.

This is a slide you have probably seen before. It frames the issue of sustainability quite
well by graphing the carrying capacity of the Earth against time and comparing that to the

finite capacity of the earth to accommodate human life.

We are currently living beyond our means in regards to consumption of resources, energy,

water, waste assimilation, etc.

It illustrates quite well that the current behavior, systems and methodologies of human

society is unsustainable in the long term and this trend must be reversed.



Ranked 23 worldwide

2 + 16categories rated
S Report Card for [ {"ctserce s
America’s Infrastructure - $36trillion investment needed

ASCE’s 2013 Report Card for America’s Infrastructure graded 16 categories of infrastructure
and assigned an overall grade of D+. Only one of the categories received better than a C.

The estimated five-year investment need to bring our infrastructure into good condition is
$3.6 trillion, up from $2.2 trillion in 2009. America’s infrastructure now ranks 23" overall,
between Spain and Chile

An efficiently-operating infrastructure is an essential component for a prosperous and
growing economy. Effective transportation systems bring goods to market, workers to jobs,
children to schools, and families to stores and recreation areas in a safe and timely manner.
Dependable water and wastewater systems bring fresh water to industry, agriculture and
people. Reliable electricity supplies allow businesses and factories to work unimpeded, and
bring a high level of convenience and productivity to home life across the nation. Extensive
telecommunication networks connect people and businesses across the globe and enable the
fast flow of information essential to commerce.

An efficiently-operating infrastructure is one that delivers the required services at affordable
costs while conserving the country’s natural resources and energy. Moreover, these services
must be continually maintained and improved in order to remain competitive in the global
marketplace. Unfortunately over the last several decades, the state of U.S. infrastructure has
declined substantially, eroding our competitive base.

For a long time, the engineering community has studied this decline and publicly appealed
for fixes. Since 1988, the American Society of Civil Engineers (ASCE) has reported regularly on
the condition of U.S. infrastructure in the form of a report card. In its most recent 2009
report, ASCE gave U.S. infrastructure an overall grade of “D” and priced the needed repair
and refurbishment work at $2.2 trillion. ASCE further noted that this degraded condition is
having a negative impact on the U.S. economy. For example, ASCE calculated that by 2020,
the a continued degradation of the surface transportation infrastructure will cost the U.S.
economy over 876,000 jobs and depress the U.S. gross national product by $897 billion. For
the water delivery and wastewater treatment infrastructure, the estimated negative impacts
in 2020 amount to the loss of 700,000 jobs and $206 billion in increased costs to businesses
and households.



The Future of Infrastructure

Infrastructure is long lived. The highways, bridges, power stations and wastewater
treatment plants we build today have design lives ranging from 20 to over 75 years.
This means that the infrastructure we are building today will establish the energy,
water and materials efficiencies, and ecosystem impacts for decades to come.
Therefore, whatever we build today, we better get it right. We must do the best we
can with existing technologies, designing and delivering the most resource and
energy conserving infrastructure within the limits of budgets and priorities. In
addition, the efficiency and effectiveness of infrastructure depends not only on its
intrinsic design, but on how that design integrates and functions for the community
in which it resides.

It is no longer enough that infrastructure work, that it be constructed on time and
within budget, or even that it last.

It now must be sustainable.



:ngineering Sustainable Development
aims to balance three elements
* Economic: what things cost = and
how to make a business out of

providing infrastructure, goods or

services

* Environmental: what impact

P
, those things have on nature and

the earth’ s support systems -

Environmental

which are finite

Economic | Social

* Social:: how those things serve
the needs and quality of life of

people and their communities

“ImpEE

Notes

° The concept of sustainable development involves all three aspects of
a project equally. i.e. the environmental, the social and the economic. It is not
enough to consider environment alone. This is often referred to as the 'Triple

bottom Line'.

o The triple bottom line is shorthand for environmental protection,
economic development and social progress. Social equity issues are particularly

challenging for engineers to get to grips with.

° Sustainable development is often represented by showing these
three dimensions as a Venn diagram with sustainable development as the
overlapping segment in the middle. What this shows is that a balance between the
three elements is required. However this can also imply that some aspects are

beyond sustainable development considerations.

10



r
The current world view - relative importance?

Environment
(“technology
can fix it”)

Economy
(“inevitable laws”

Port of LONG BEACH

Notes

° This slide illustrates the relative importance currently placed on the

three factors.

° The economy is seen as being the major factor for consideration and

is sometimes perceived as having 'inevitable laws'

° The environment is viewed as serving into this in terms of provision
of goods (resources) and Services (waste assimilation). Often this view is

accompanied by a belief that 'technology can fix it'.

11



Elgineers provide the interfaces...

¢ Becoming
sustainable
requires leaders
who recognize a
new world view,
and act
Economy accordingly

- invented!
Therefore =

I -we
are either making
Infrastructure things better, or
Environment worse
g - ‘inevitable’
ImpEE ' Portof LONG BEACH

Notes

An alternative way of looking at the world is conveyed in this figure:

e  Environmental laws are 'inevitable' - they are the laws of nature. The

environment nurtures, supports and makes possible.
e  Society has a mixture of instinctive and learned/cultural laws.

e  Economy has rules and practices which are totally 'invented' by society. So
why do so many regard Economic laws as 'inevitable' (globalisation, etc) but

Environmental laws and limits as manipulatable?

12



e ’ . ey e .
gineers designs have a critical influence
n sustainable development

* By the time the design for most human artefacts is
completed....80-90% of their life-cycle economic and
ecological costs have already been made inevitable

* All the really important mistakes are made on the first day
“Natural Capitalism” 1999

“We do not inherit the earth from our
ancestors - we borrow it from our children ”

“ImpEE

Native American Indian Proverb

Notes

° Hawken, Paul, Lovins, Amory B. & Lovins, L. Hunter (1999). "Natural
Capitalism - The New Industrial Revolution " Earthscan, London.

° Engineering for sustainable design is an integral part of modern
engineering culture.

13



1ge new technical challenge:
ergy and Materials Efficiencfﬁ

| ol B8
* We can drive materials efficiency:

600 tonnes of material are used to make 60 tonnes of
product of which 6 tonnes are in use 6 months later ”

Lord Sainsbury, Minister for Science and Industry
* We can drive energy efficiency:

“The whole economy is less than 10% as energy-
efficient as the laws of physics permit ”

“Natural Capitalism ” 1999

Notes

o First quote by Lord Sainsbury, Minister for Science and Industry "The

Engineer for the 21st Century Inquiry"”, Forum for the Future, 2000.

Link: http://www.forumforthefuture.org.uk/

14
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onsultation - Society’ s Changing Expectations

-= ““* ”
D “| Trust You
o

7
’b,,q

“Show Me”

RN

“Involve ME

High

Transparency

Notes

o In the past, society has been more willing to trust an expert and have
tolerated low levels of corporate transparency. However, in recent years the trend
has been towards more transparency and involvement and with it less reliance on
trusting the 'experts'. In general the move has been through "tell me what you are
doing" to "show me what you are doing" and is now heading more frequently to

"involve me in what you are doing".

° For example, if an oil company wanted to indicate that they were
protecting the environment, in the past, they just needed an expert with a high
enough level of trustworthiness to inform the public and be believed by them, later
generations did not trust the experts due to failures and loss of trust so have
demanded more involvement, they may have asked initially for details of the
protection measures, and later still evidence of the success of such measures. Now
they may even want to be involved in deciding what environmental elements
should be protected and how. Rein Willems, Exec. VP, Shell Chemicals: 3rd Middle

15



East Refining and Petrochemicals Event; Bahrain, 31/10/01

15



ing to engage better with communities to
nplement the complex sustainabill

y solutions

Technical Complexity:
We are developing the GIS, data handling and modelling to
deal with geography, physics, chemistry ,and even with the
uncertainties of biology

Social Complexity:
Now we also need to €ngage with the community, and
develop the capability to consult, facilitate and agree on the
complex solution:

16



A New Type of Engineer?

— Increased resource use e .
— Culturally respectful and environmentally
v relationships

Port of LONG BEACH




nhat Does This Mean to Ports?

* Manage climate change
— frequency and intensity of storms
- resulting changes in waterways
Account for sea level rise
ssociated impacts on existing and future mfrastructurc-&l

vest liffiited capital smartly
~— realize return on investment]
— life-cycle costing

Manage changing regulations and policies
Manage increasing community demands

Implement sustainable development practices

[AsceP




Efor Sustainable Development Guidelines

Vi
S

« Support strategic policy goals

* Provide a consistent measurement of
sustainability o et

A" Tangit?le',evidénce- of competency

o |
» *Preserve development ’Pptions and m /

* strategies - “license toloperate”

Demonstrated need to develop a projec
sustainability "rating" system ! ¥

Infrastructure investment is key to global competitiveness and job creation
Sustainability concerns are slowing project approvals and construction

Owners are looking for guidelines, training and support to respond to
stakeholders’ demands for a sustainable future.

900 Rating Systems published by jurisdictions and agencies globally - not a
viable framework.

We need a common way to discuss sustainable infrastructure.



TREEnvision™ Rating System

What makes a sustal ,)bflwe .
bridge, roadway, water = ==
treatment plant...?

Developed by the Institute for Sustainable Infrastructure (ISI)

Not-for-profit collaboration of:
American Society of Civil Engineers (ASCE)
American Council of Engineering Companies (ACEC)

American Public Works Association (APWA)



nvision™ Is Uniquely Qualified to
Address America’s Infrastructure

*+ Envision™ applies to all civil infrastructure

* Addresses design, planning, construction and
maintenance

+ Applicable at any point in an infrastructure project's life
cycle

« Speaks to the triple bottom line: social, economic and
environmental goals

+ Designed to keep pace with a changing concept of
sustainability

Envision™ Is Uniquely Qualified to Address America’s Infrastructure

Envision™ applies to all civil infrastructure

Addresses design, planning, construction and maintenance

Applicable at any point in an infrastructure project's life cycle

Speaks to the triple bottom line: social, economic and environmental goals

Designed to keep pace with a changing concept of sustainability

Infrastructure rating systems must account for the new engineering design paradigm,
one in which the engineering design constants and behavior of design variables of
the past can no longer be taken for granted. At this juncture, there is no prescriptive
solution for how to properly account for these changes. Instead, the rating systems
need to incorporate a process by which the project owner, designer and constructor
explicitly consider the possibility of new constants, new variable behaviors and new
extreme values, and devise an effective approach for dealing with them. It is we
these considerations that the Envision™ rating system was created.

21



Avision™ Relationship to
Other Rating System

Photo: Port of Seattle by Don Wilson

Envision is a rating system that provides guidance for planning and design of
infrastructure. It differs from existing sector specific rating systems because it
provides holistic framework. There are many different ways to reach high levels of
achievement. Sector specific rating systems can be used to help meet some Envision
credits.

There are over 900 rating tools that are trying to help us measure sustainability. The
most prevalent is LEED (Leadership in Energy and Environmental Design). The United
States Green Building Council developed LEED almost 20 years ago. Since then there
have been many other rating tools that have used the basic principles from LEED.

- LEED and Living Building Challenge (Buildings — reducing environmental impact,
benefit building occupants, reduce operation and maintenance costs)

- Greenroads (roadways, parking lots, and bridges — reduce environmental impact,
reduce operation and maintenance costs)

- Sustainable Sites (parks, landscaping for infrastructure — reduce environmental
impact, reduce operational and maintenance costs, benefit site users)

- Envision (Infrastructure projects — improve the environment in and around the
site, improve operational efficiency and regional economy, benefit all users and
stakeholders)



Scope of Envision™

What Makes Envision Unique?

It applies to horizontal infrastructure

It includes design, planning, construction and maintenance elements

It is applicable at any point in an infrastructure project's life cycle

It speaks to the triple bottom line: social, economic and environmental goals

It is designed to keep pace with a changing concept of sustainability



E Credits in 5 Categories

glFJALll'IFTCY Purpose, Community, Wellbeing

O (3.1l 51 @ Collaboration, Management, Planning

'\il QELS[?C%ICDEI‘J Materials, Energy, Water

NATURAL
G i.vj‘o‘!gﬁj* Siting, Land & Water, Biodiversity

Emission, Resilience

Quality of Life addresses a projects impact on communities from the health and
wellbeing of individuals. Strategies include: active community engagement and
lowering noise/light pollution.

Leadership measures the level of commitment to sustainability by the project team.
Strategies include establishing a sustainability management system and planning for
long-term monitoring

Resource Allocation measures the use of renewable and non-renewable resources
for the project. Promotes conducting LCA to measure the net embodied energy, using
recycled material (where appropriate), using renewable energy

Natural World assesses the effect of the project on the preservation and renewal of
ecosystem functions. This section addresses how to understand and minimize
negative impacts while considering ways in which the infrastructure can interact with
natural systems in a synergistic and positive way.

Climate And Risk looks at emissions and resiliency to short-term hazards or future
long term conditions such as sea level rise. LCA comes in again to measure emission
generated over the life of the project.

Innovation Points exceptional performance beyond the expectations of the system
and the application of methods that push innovation in sustainable infrastructure.



vels of Achievement

The amount of points earned in each credit depends on the Level of Achievement:
eImproved: Performance that is above conventional.

*Enhanced: Sustainable performance that is on the right track. Indications
that superior performance is within reach.

eSuperior: Sustainable performance that is noteworthy.
eConserving: Performance that has achieved essentially zero impact.
*Restorative: Performance that restores natural or social systems.

Not all levels of achievement are available for all credits. The guidance manual gives
specific definitions of each level for each credit.

Notice that the allocation of points is non-linear across the levels. This gives
acknowledgement of initial efforts, but encourages higher levels of sustainability
achievement.

An example
QL1.1 IMPROVE COMMUNITY QUALITY OF LIFE

INTENT: Improve the net quality of life of all communities affected by the project and
mitigate negative impacts to communities.

METRIC: Measures taken to assess community needs and improve quality of life
while minimizing negative impacts.

LEVELS OF ACHIEVEMENT

Improved: (2) Internal focus.

Enhanced: (5) Community linkages.

Superior: (10) Broad community alignment.
Conserving: (20) Holistic assessment and collaboration.
Restorative: (25) Community renaissance.



m% Project Dimensions of Sustainability

Range of sustainable performance

.
g FL
& ES

Project lifecycle

ePerformance contribution portion of rating system has 3 dimensions:

*Project Life Cycle: includes considerations beyond construction and even
O&M to decommissioning and disposal

sSustainable performance goes beyond conventional performance to
sustainable, with ultimate goal of being restorative

eCollaboration — not just conventional between project and owner with
occasional input from affected stakeholders, but invites regulators and other
potential partners to be involved throughout the process

eAdditional explanation:

eProject lifecycle — covers project planning, progresses through design,
construction and ultimately use and disposal

eRange of Sustainable Performance — conventional design, through simple
improvement of one dimension of the triple bottom line say, economic, to
sustainable addressing all dimensions — economic, social, environmental,
beyond sustainable - restoring harm — degraded land — brownfields, turning
them to productive use — Restorative.

eStakeholder Collaboration — beginning simply with the project team and
their terms of reference, to making recommendations to the owner, engaging
directly affected stakeholders, influencing partner organization, to engaging
with regulatory agencies.



ASCE Vision for Civil Engineering in 2025

Entrusted by society to create a sustainable world and

Enhance the global quality of life, civil engineers serve
competently, collaboratively, and ethically as master:

- Planners, designers, constructors, and operators of society’s
economic and social engine—the built environment;

Stewards of the natural environment and its resources

Innovators and integrators of ideas and technology across the publ
private, and academic sectors;

Managers of risk and uncertainty caused by natural events, accidents,
and other threats; and

Leaders in discussions and decisions shaping public environmental
and infrastructure policy.




’ Engineers can invent a sustainable future

"We are all part of the continuum of humanity and
life. We will have lived our brief span and either
helped or hurt that continuum and the earth that
sustains all life. It's that simple. Which will it be?”

Ray Anderson, Interface Carpets

“The best way to predict the future is to invent it”
Alan Kay, Apple Computer

“ImpEE Portof LONG BEACH

Notes

° Ray Anderson, Founder of Interface Carpets, has embarked on a
mission to "be the first company that, by its deeds, shows the entire industrial
world what sustainability is in all its dimensions: People, process, product, place
and profits - by 2020 - and in doing so, to become restorative through the power of
influence." Today, Ray is recognized as one of the world's most environmentally

progressive chief executives.
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Thank You for listening...

http://www.pélﬁ'c&ﬁ' - ’

facebook | facebook.com/PortofLB

"

- twitter.com/gnﬁp-ﬂ?:;g'he -

you;ube:com.com/p \oflon" each
*4
9!
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These are a few highlights of our work in the Program Management Division.

We have a few minutes for questions.

(Fields of study? Transportation, Engineering, Construction, Business?)



