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Approach to Today’s Presentation
 View Climate Change from a Chemical Engineering
Perspective – Global Material and Energy Balances
 Overview the Science of Climate Change
 Overview Approaches to Climate Change Mitigation
 Demonstrate the Enormity of the Programs Needed
to Address Climate Change
 Show that U.S. Leadership is Essential to Address
the World’s
World s Climate Change Challenges
 Update U.S. Government Climate Change Activities

Introduction
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Memorize these Important Numbers!
6

oC

6

Gt/yr – Current U.S. Annual Man-made CO2 emissions

31
1750

– Maximum Average Global Temperature Rise

Gt/yr – Current World Annual Man-made CO2 emissions
Year Industrial Revolution Started – Our Baseline Year

278

ppmvd – Atmospheric CO2 Concentration circa 1750

385

ppmvd – Atmospheric CO2 Concentration in 2008

2

ppmvd – Current Annual Rise in CO2 Concentration

2

oC

Introduction

– “Dream
Dream Case”
Case Average Global Temperature Rise
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Climate Change Basics
 Climate is the state of average weather
measured
d over a period
i d off titime ranging
i ffrom
months to thousands or millions of years
 Climate Change, also frequently called
Global Warming, is the raising of earth’s
average temperature
goal is to keep
p the rise in global
g
average
g
 The g
temperature to 2 oC or less – this is
g all but an impossible
p
objective
j
becoming
Climate Change Basics
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Climate Change Basics
 An increase in the global average
t
temperature
t
by
b 6 oC or greater
t represents
t
the worst possible outcome, which would
lik l result
likely
lt iin catastrophic
t t hi consequences
 Climate change, within the context of today’s
presentation, results from man-made (or
anthropogenic) Greenhouse Gas (GHG)
emissions since the start of the industrial
revolution circa 1750
Climate Change Basics
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Climate Change Basics - GHGs
2004 Global Anthropogenic GHG Emissions

Source: IPCC 2007

The mass or concentrations of GHGs are often expressed in terms of

Carbon or CO2, or CO2eq
Carbon,
Climate Change Basics
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Climate Change Basics – Greenhouse Effect
Where Does Solar Radiation Go?
 About 30% gets reflected or
scattered back into space by
clouds, dust or the ground –
especially bright surfaces like ice
and
d snow
 More than 20% is absorbed in the
atmosphere, mainly by clouds and
water
t vapor
 Almost 50% gets absorbed by the
earth’s surface, including oceans,
l d fforest,
land,
t pavementt and
d the
th
rest

Climate Change Basics

Source: U.S. EPA
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Climate Change Basics
Get Comfortable with the

Gigatonne
g
– Gt
1 Gt = 1Billi
1Billion M
Metric
ti T
Tonnes
or
2,204,622,621,800
,
,
,
,
lb
Climate Change Basics
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Some Important Gigatonne Benchmarks
Mass CO2 (Gt)

Description

6.0

2006 total U.S. anthropogenic CO2 emissions

7.0

2006 total U.S. anthropogenic CO2eq emissions

5.9

2000 total U.S. anthropogenic CO2 emissions

31

2006 Worldwide anthropogenic CO2 emissions

15

1970 Worldwide anthropogenic CO2 emissions

0.2

Annual-average CO2 emitted from volcanoes

3000
7.8

Total CO2 in earth’s atmosphere @ 385 ppmvd
CO2 added to raise atmospheric CO2 by 1 ppmvd
Dry Basis Mass of Atmosphere =
5,135,200 Gt
12,700 Gt
Average H2O in Atmosphere =
Average Wet Basis Mass of Atmosphere = 5,148,000 Gt
Atmosphere Average Molecular Weight =
29

Climate Change Basics

Slide 9

Now Let
Let’s
s Start the Countdown!

The Top Ten Things
Everyone Should Know
About Climate Change

Start the Countdown!
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No. 10

The Material Balance Aspects of Climate Change

 By starting and continuing to burn fossil
fuels since the start of the industrial
revolution in 1750, humanity has upset the
equilibrium of the earth’s carbon cycle
 The carbon cycle is the biogeochemical
y
byy which carbon is exchanged
g among
g
cycle
the biosphere, pedosphere, geosphere,
y
p
, and atmosphere
p
of the Earth
hydrosphere,
No. 10 – Material Balance
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Global Carbon Cycle – Equilibrium No More
2008 – 3,000 Gt CO2 = 818 Gt C

 The atmosphere
 The terrestrial biosphere,
which in addition to living
organisms includes fresh
water systems and nonliving organic material,
material
such as soil carbon.
 The oceans, including
dissolved inorganic
g
carbon and living and nonliving marine biota, and
 The sediments, including
f
fossil
il fuels
f l

Source: Oak Ridge Laboratories

No. 10 – Material Balance

The Carbon Cycle – pathways
interconnecting four major
reservoirs
i off carbon:
b
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A Visionary Observation from 1957
“…human beings are now carrying out a large scale
geophysical experiment of a kind that could not
have happened in the past nor be reproduced in
the future. Within a few centuries we are returning
to the atmosphere and oceans the concentrated
organic carbon stored in sedimentary rocks over
hundreds of millions of years.”
Robert Revelle and Hans Suess of the Scripps Institution of
Oceanography posited this landmark finding concerning the effect of
fossil fuel combustion on the Carbon Cycle in an often-quoted 1957
article in the scientific journal Tellus

No. 10 – Material Balance
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Facts About CO2 Mass Emissions

WOW!

 In 2006 the U.S. emitted 6.0 Gt of anthropogenic CO2 and
our population was approximately 302
302,000,000
000 000 people
 Do the per capita math – we emit 120 lb of CO2 every
day for every man, woman and child in the U.S.!
 For comparison, we dispose of 4.6 lb of solid waste every
day per capita in the U.S.
 In 2006 worldwide anthropogenic CO2 emissions totaled 31
Gt, and the earth’s population was approximately 6.6 billion
 From this we can calculate that we emit 28 lb of CO2 everyy
day per capita in the world
 Africa has a low per capital carbon footprint of 20 lb of CO2
per day per person
No. 10 – Material Balance
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Facts About CO2 Mass Emissions
 Averaged over several years, the atmosphere retains
45% of our CO2 emissions,
45%,
emissions but this can vary significantly
for any given year as absorption from land-based
ecosystems rises and falls
 Oceans absorb close to 25% of our CO2 emissions
 Averaged over several years, land-based ecosystems
absorb 30% of our CO2 emissions,
emissions but this can vary
significantly for any given year
 Evidence shows our “CO2 sinks” may be loosing their
capacity to remove CO2 from the atmosphere

No. 10 – Material Balance
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Facts About CO2 Atmospheric Concentrations
 Atmospheric levels of CO2 held steady for a number of
centuries at around 278 ppmvd (± several ppmvd)
 Today our average CO2 level is about 385 ppmvd and is
rising by about 2 ppmvd each year
 From ice core data, during the past 650,000 years the
atmospheric CO2 concentration varied between a low of 180
ppmvd during cold glacial times and a high of 300 ppmvd
during warm interglacial periods
 The approximately 80 ppmvd rises in CO2 concentration at
the end of the past ice ages generally took over 5,000 years
 Higher CO2 concentrations than at present have only
occurred many millions of years ago
No. 10 – Material Balance
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50 Years of CO2 Concentrations (1958-2008)

Source: NOAA

Breathing
effect of
the earth

No. 10 – Material Balance
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2000 Years of GHGs – The Hockey Stick Graph

While this this CO2 concentration
line was essentially flat, the earth’s
carbon cycle was in equilibrium

Source: IPCC 2007

No. 10 – Material Balance
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No. 9

The Energy Balance Aspects of Climate Change

Source: IPCC 2007
No. 9 – Energy Balance
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The Concept of Radiative Forcing
Radiative Forcing measures,
against a baseline case (1750),
the change in heat flux
(typically in units of W/m2) to
the earth by altering a factor
that affects climate,, like the CO2
concentration in the
atmosphere. A positive
radiative forcing value
indicates more heat flux to the
earth and a corresponding
warming effect. A negative
radiative
di ti fforcing
i
value
l
indicates a reduction in heat
flux to the earth and a
corresponding cooling effect.

~ 1.7 W/m2

If we trace this
curve back it
would intersect
with 0 on the yaxis at x = 1750

Source: NOAA

No. 9 – Energy Balance
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Radiative Forcing – the Big Picture
This diagram shows that,
when all natural and manmade radiative forcings
g are
considered, we now have a
net positive radiative forcing
of approximately 1.6 W/m2
compared to 1750. An
interesting point is that this
value is close to the radiative
forcing contributed by the
extra CO2 that has been
added to the atmosphere
since 1750
1750.

Source: IPCC 2007

No. 9 – Energy Balance
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No. 8

Climate Change is a Real Threat we Must Address
”The most important
p
conclusions about global
g
climatic disruption
p
–
that it’s real, that it’s accelerating, that it’s already doing significant
harm, that human activities are responsible for most of it, that tipping
points into really catastrophic disruption likely lurk along the ‘business
as usual’ trajectory, and that there is much that could be done to reduce
the danger at affordable cost if only we would get started – have not
been concocted by the Sierra Club or the enemies of capitalism. They
are based
b d on an iimmense edifice
difi off painstaking
i t ki studies
t di published
bli h d in
i
the world’s leading peer-reviewed scientific journals. They have been
vetted and documented in excruciating detail by the largest, longest,
costliest most international
costliest,
international, most interdisciplinary
interdisciplinary, and most thorough
formal review of a scientific topic ever conducted.”
John Holdren – Harvard University Professor of Environmental Policy; Director of the Woods Hole
Research Center;; former President of the American Association for the Advancement of Science

No. 8 – Real Threat
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Evidence: It’s getting Hotter
Eleven of the
last twelve
years (1995(1995
2006) rank
among the
twelve warmest
years in the
y
instrumental
record of
global
l b l surface
f
temperature
(since 1850)
No. 8 – Real Threat
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Evidence: Plot of CO2 Concentration vs. ∆T
WOW!
570 ppmv
by 2100?

Does this graph show
that a correlation
exists between the
atmospheric
concentration of CO2
and the change in
average ambient
temperature?
What happens by
2100 if we continue
our current rate of
adding 2 ppmv of CO2
to the atmosphere
each year?

No. 8 – Real Threat
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Who “Believes” in Climate Change?






American Petroleum Institute (API)
Electric Power
Po er Research Institute
Instit te (EPRI)
American Chemistry Council (ACC)
The U.S. Democratic and Republican Parties
The Chinese Communist Party
The debate over whether climate change is
caused by
y anthropogenic
p g
GHG emissions and
poses a real threat that demands mankind’s
immediate attention is over – that ship has
sailed – a consensus has been reached

No. 8 – Real Threat
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No. 7

Some Sobering Facts About Climate Change
 The world
world’s
s population will increase from its current 6
6.7
7
billion to 9.2 billion by 2050 This population increase of 2.5
billion is equivalent to the world’s entire population in 1950
 Global oil demand is at 85 million BPD today and is
projected to grow to 116 million BPD by 2030
 Much of the global demand is being driven by the growing
economies of China and India, where oil demand is
expected to easily double by 2030
 Two-thirds of the world’s electricity comes from traditional
coal-fired power plants – hundreds of new plants are in the
works and China is adding a new unit every week
No. 7 – Sobering Facts
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More Sobering Facts
 The life of a coal-fired power plant is 60 years or more
 Byy 2040 two-thirds of the g
global electricity
y from coal-fired
power plants will be supplied by units that are not yet
constructed
 The use of “clean coal” technologies will require that we
solve a number of significant technical challenges
project
j
that Carbon Capture
p
and Storage
g
 EPRI and EEI p
(CCS) technology will not be available on a significant
commercial scale until the 2020-2025 timeframe
 EEI believes
b li
th
thatt the
th d
deployment
l
t off new nuclear
l
plants
l t
cannot take place until the 2015-2020 timeframe at the
earliest
No. 7 – Sobering Facts
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Sobering Facts – CCS Technology
The infrastructure and
storage capacity needed
for large-scale Carbon
Capture and Storage
(CCS) is immense
If we captured 90% of the
6.0 Gt of CO2 emitted by
the U.S. in one year and
compressed it until it was
i li
in
liquid
id form,
f
it would
ld fill
an empty Lake
Pontchartrain up to a
level
e e o
of 9.85
9 85 feet
eet

Lake Pontchartrain
Surface Area = 630 Square Miles
A
Average
D
Depth
th = 13 ffeett
No. 7 – Sobering Facts
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WOW!

For More Sobering Facts Read…
Hot, Flat and Crowded (2008), by Pulitzer Prize winning
journalist Thomas Friedman of The New York Times,
documents our struggles as the earth approaches the
confluence of three major challenges:
 Hot – the Climate Change Crisis
 Flat – there is energy-hungry middle class that is
quickly growing in developing countries –
especially China and India – where everyone
wants to “live like Americans”
 Crowded – the earth’s population continues to
grow at an alarming rate
rate, which puts an
additional strain on our energy resources (but not
as much as the rapidly expanding middle class)

No. 7 – Sobering Facts
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No. 6

How do we Address Climate Change Mitigation?
Four Related Goals of Climate Mitigation





Stabilize CO2 and Other GHG Mass Emissions
Stabilize CO2 and Other GHG Atmospheric Concentrations
Stabilize Global Average Temperature
Stabilize Radiative Forcings

A key Climate Mitigation Program end point occurs when
the Global Carbon Cycle once again achieves equilibrium
Note: There is a sister concept to Mitigation – Adaptation, but this topic is
beyond the scope of today’s presentation. It is important to realize that we
have past the point where we can provide enough mitigation to avoid some
negative climate change consequences. Hence, Adaptation strategies should
be a part of any comprehensive solution to our Climate Change challenges
No. 6 – Climate Change Mitigation
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What Tools May Help Facilitate Mitigation?












International Agreements (e.g., Kyoto)
Government Mandate by Individual Countries
Voluntary Efforts by Good Corporate Citizens
Clean Development Mechanism (CDM) Projects
Command & Control Regulations
Market-Driven Cap & Trade System(s)
Carbon Tax System(s)
Efficiency Tax Incentives
Contraction and Convergence Model
Some Combination of All of the Above
Some New Yet-to-be-thought-of Mechanism

No. 6 – Climate Change Mitigation
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A Long Term Look at a Mitigation Program

Source: IPCC 2001

No. 6 – Climate Change Mitigation
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Climate Change Mitigation Scenarios

Source: IPCC 2007

Source: IPCC 2007

No. 6 – Climate Change Mitigation

Sequence of Events: We begin reducing GHG mass
emissions until a future year when we reach a constant GHG
emissions level. During this process the atmospheric CO2
concentration will continue to rise until
until, at some point in
time, it will reach a stable level. At this juncture, the global
carbon cycle returns to equilibrium, but the temperature
continues to rise for a much longer time. The radiative
forcings, CO2 concentrations, and ∆T values above reflect
where we expect to be once final equilibrium has returned
Slide 33

How Much CO2 Mitigation is Needed?
2050 global CO2 emissions if we stay
on the “business as usual” trajectory

38.3 Gt/yr of global
CO2 mitigation
required in this case

WOW!

2050 global CO2
emissions
i i
sett att
50% of 2000 CO2
emissions

Source: Stephen Eule – Director, Office of Climate Change Policy and
T h l
Technology,
U.S.
U S DOE – A&WMA Climate
Cli t Policy
P li Puzzle
P
l Conference
C f
(April
(A il 2008)

No. 6 – Climate Change Mitigation
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To Get One Gt/yr of CO2 Mitigation… WOW!

WOW!
WOW!
WOW!
WOW!
WOW!
WOW!
Source: Stephen Eule – Director, Office of Climate Change Policy and Technology,
U S DOE – A&WMA Climate
U.S.
Cli t Policy
P li Puzzle
P
l Conference
C f
(April
(A il 2008)

No. 6 – Climate Change Mitigation
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Is it Clear Now?
 The worldwide project to avert a climate change disaster
will be the largest, most complex, most expensive and
most difficult endeavor in the history of mankind

Three Gorges Dam Project in China
Generates 18-22.5 GW Hydroelectric Power
Chinese claim 0.19 Gt/yr CO2 Mitigation
g
Likely
y 0.13-0.16 Gt/yr
y
Actual CO2 Mitigation

A U.S. Success Store – The U.S. is still the
most technologically savvy and innovative
society in the world. U.S. leadership on
g the climate crisis is essential
solving

 The most troublesome factor about addressing the climate
change crisis is that the U.S. can’t do it alone – we have to
h
have
cooperation
ti off allll countries
t i and
d peoples
l off th
the world
ld
No. 6 – Climate Change Mitigation
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No. 5

U.S Leadership in ET is Essential
 In Hot,
Hot Flat and Crowded,
Crowded Mr.
Mr Friedman notes that we are
entering the “Energy-Climate Era” , where the Information
Technology (IT) Revolution of the last 20 years will be
replaced by an Energy Technology (ET) Revolution
 If the U.S. sees the ET revolution as a great opportunity, we
can be the world leader in ET development just like we were
(and still are) in IT development
 U.S. Leadership in ET will provide a much needed boost to
our economy over the coming decades and it would save
the world from the worst possible climate change outcomes
 Save the USA – Save the World!
No. 5 – U.S. ET Leadership is Vital
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What’s in Our Menu of ET Options?
Geothermal Energy
Hydroelectricity

S
Source:
Robert
R b t Socolow
S
l
and
d Stephen
St h Pacala,
P
l Princeton
Pi
t University
U i
it – The
Th Stabilization
St bili ti Wedge
W d Game
G

Thought Experiment: What brilliant ET solutions are not in our
menu of options above? What yet
yet-to-be-thought-of
to be thought of ET solutions will
be developed by creative American entrepreneurs – from either
individuals, small teams, small businesses or large businesses?
How many
y American billionaires will be made by
y the ET Revolution?
No. 5 – U.S. ET Leadership is Vital
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And One Last Quotation…
“I am convinced that the best way for America to solve its
big problem – the best way for America to get its ‘grove’
grove
back – is for us to take the lead in solving the world’s big
problem. In a world that is getting hot, flat and crowded,
the task of creating the tools, systems, energy sources and
ethics that will allow the planet to grow in cleaner more
sustainable ways
y will be the biggest
gg
challenge
g of our
lifetime. But this challenge is actually an opportunity for
America. If we take it on, it will revive America at home,
reconnect America abroad,
abroad and retool America for
tomorrow.”
Thomas Friedman – Hot, Flat and Crowded ((2008))
No. 5 – U.S. ET Leadership is Vital
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No. 4

The Carbon Life Cycle Analysis (LCA) is Critical to Success
y g the most efficacious path
p
to
 More often than not,, identifying
climate change mitigation is not immediately intuitive, and
is sometimes counterintuitive
 A Life
Lif Cycle
C l Assessment
A
t (LCA) is
i an iinternationally
t
ti
ll
standardized method (ISO 14040, ISO 14044) to evaluate
the environmental impact of products or services
 For a given product or service, an LCA is a fair, holistic
“cradle to grave” evaluation of raw material production,
distribution use and disposal
distribution,
 A Carbon Footprint is an LCA with the analysis limited to
emissions that have an effect on climate change
g
No. 4 – LCA / Carbon Footprint
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More on LCAs and Carbon Footprints
 LCAs and Carbon Footprint evaluations are critical for
g correct climate change
g decisions,, but LCAs can be
making
very hard to perform. Many such evaluations omit certain
critical life-cycle steps (or fail to properly asses their impacts)
 Example
E ample – does it make sense to transition to electric cars if
the electrical power to charge the car batteries comes from a
traditional coal-fired power plant?
 Example – does it make sense to transition to hydrogenpowered cars if the hydrogen is produced in the traditional
Steam Methane Reformer process?
Steam-Methane
 Example – does it make sense to put PV cell technology on
a home that gets its electricity from a nuclear power plant?
No. 4 – LCA / Carbon Footprint
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Carbon Footprint of the Cheeseburger
 Based on a Carbon Footprint analysis
performed by Jamais Cascio of Open
th Future,
the
F t
a single
i l cheeseburger
h
b
h
has
a carbon footprint of 3.06 kg CO2eq
 If we assume every American (302
million) eats 2 cheeseburgers per
week, then we calculate a total impact
of 0.10
0 10 Gt CO2eq per year due to
American cheeseburger consumption
 Is this real or reliable? Probablyy not,
but who knows? This is presented to
illustrate how LCAs and Carbon
Footprint analyses can be very difficult
No. 4 – LCA / Carbon Footprint
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No. 3

U.S. Government Climate Change Actions
 Judicial – U.S.
U S Supreme Court issues the Massachusetts
v. EPA decision on April 2, 2007 – CO2 and GHGs are now
considered CAA pollutants
 Executive – EPA issues an Advanced Notice of
Proposed Rulemaking (ANPR) in the July 30, 2008 Federal
Register in response to Massachusetts v.
v EPA.
EPA The ANPR
outlines the agency’s plans to address GHG emissions
under the existing CAA
 Legislative – The U.S. Congress is currently considering
Lieberman-Warner Climate Security Act of 2008, also
known as the Lieberman-Warner
Lieberman Warner bill
No. 3 – U.S. Government Actions
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Massachusetts vs. EPA
 In the Massachusetts vs. EPA
case, which EPA ultimately lost
based on a 5 to 4 U.S. Supreme
C
Court
td
decision
i i
on April
A il 2
2, 2007
2007, it
was held that CO2 and other GHGs
meet the broad CAA Section
302(g) definition of “air pollutant”
 Although this case dealt with
transportation-related GHGs, EPA
now feels compelled to address
GHG emissions in some manner in
all future rulemakings, including
those for stationary sources
No. 3 – U.S. Government Actions
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EPA’s Climate Change ANPR
 In response to Massachusetts v. EPA, a 588 page-long
ANPR (see the July 30
30, 2008 Federal Register) became a
political hot potato like none ever before – as a result of this
many decisions on how to handle Climate Change under the
existing
i ti CAA are d
deferred
f
d until
til th
the nextt administration
d i i t ti iis iin
office – this is probably a good thing
political battle within the Executive Branch,,
 After a heated p
EPA Administrator Stephen Johnson decided that, rather
than issue a proposed endangerment finding in the ANPR,
EPA would instead lay out all of the issues raised by
regulating GHGs under the existing CAA and seek public
comment on those issues
No. 3 – U.S. Government Actions
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EPA’s Climate Change ANPR
 In essence, EPA makes the case in the ANPR that the
existing CAA is a terrible vehicle for regulating GHG
emissions – and in fact EPA’s arguments are quite
persuasive
 EPA wants Congress to resolve the current problem by
passing a comprehensive Climate Change bill as soon as
possible
ibl
 Environmentalists will likely continue to pursue litigation to
push EPA to regulate GHGs under the existing CAA until a
Climate Change bill gets through Congress and is signed by
the President
No. 3 – U.S. Government Actions
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The Lieberman-Warner Climate Security Act
 This is the most popular Climate Change bill under
consideration by Congress – it is extremely likely that
this bill or one very similar to it will be passed into law
in 2009
 The bill will set up a CO2 cap and trade program – the
first cap will be established in 2012 and will be set
initially to represent a 4% CO2 emissions cut – the real
future cuts in GHG emissions will be based on the
outcome of international negotiations that are not yet
underway
 The bill will call for significant investments in low
carbon technologies with the intent of putting the U.S.
on the road to energy independence. Provisions in the
bill are designed to foster an "easy landing" into the
new low-carbon economy (e.g., significant tax rebates
f energy efficiency)
for
ffi i
)
No. 3 – U.S. Government Actions
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No. 2

Our Efforts are Doomed if China and India Don’t Buy In
g is a whole-world p
problem
 Climate Change
 Middle class growth is the primary cause for GHG emissions
increases, and expansion of the middle class “who want to
li lik
live
like A
Americans”
i
” iis no bi
bigger th
than iin Chi
China and
d IIndia
di

No. 2 – China and India
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China & India – Climate Change Major Players
 The very first thing the new middle class wants is electricity
– the second thing
g is motorized transportation
p
 If you were the average Chinese or Indian citizen, how
would you perceive America’s consumption of space in our
atmospheric dump?
d mp? Would
Wo ld you
o “belie
“believe”
e” in the climate
change crisis?
 What happens
pp
if China g
gets rid of their Communist system
y
and becomes a democratic society during the next few
decades?
 Reverse
R
psychology:
h l
Sh
Should
ld we openly
l d
declare
l
th
thatt we are
going to “out green” China?

No. 2 – China and India
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No. 1
Impact of Climate Change on Environmental Professionals
 To date the vast majority of the Climate Change work has
centered around GHG emissions inventories and emissions
registration – there have also been some energy efficiency
studies performed – these projects will continue
 Once a mechanism to require GHG emission reductions is in
place like a cap and trade program
place,
program, many of us will be
evaluating cost-effective ways to implement the reductions –
this will require both technical and regulatory talent
 There will be many LCA/Carbon Footprint projects as
companies seek to decide upon sensible GHG emission
reduction strategies or implement CDM projects
No. 1 – Environmental Professionals
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Climate Change Projects in Our Future
 There will obviously be many new low-carbon “green”
facilities that will need permitting – in addition to air and
water permitting professionals, this will require significant
work on the part of Environmental Impact Assessment (EIA)
experts (so called “bugs
bugs and bunnies
bunnies” work)
 Our geologist friends who traditionally do site investigation
and remediation work will stay busy – first, there will be
plenty
l t off old
ld ffacilities
iliti that
th t will
ill be
b demolished
d
li h d and
d cleaned
l
d up
– second, and more importantly, there will be a massive
effort to build and regulate
g
the U.S. CCS infrastructure
 Of course, there will be many new types of Climate Changedriven projects that we have yet to envision – all in all we
have a busy and very exciting future in store for us
No. 1 – Environmental Professionals
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Thank You
Raymond R. Allen, P.E.
raymond@sageenvironmental.com
(225) 927-2258
Melita Elmore
melita@sageenvironmental.com
(512) 327-0288
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