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Sustainability for Civil Engineers

University Course Material ‘! &

* The following material was developed for use in University settings for 1
Civil Engineers, however, it can be used for other purposes.

« This slideshow discusses infrastructure sustainability and introduces the
Envision rating system, and other related topics.

« Some of the material is time sensitive, so updates will be needed.

« We welcome comments and suggestions. We also welcome your input
concerning Sustainability material that you use in your lectures,
readings, or homework.

* This material was assembled from many sources by Frank Sherkow.

e Contact information:

— fsherkow@earthlink.net (Frank Sherkow, P.E., T.E., P.S.E., ENV SP, F.ASCE),
or

— mghoseha@uno.edu (Malay Ghose Hajra, Ph.D., P.E., ENV SP)
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Sustainability — University Course
By Frank Sherkow, P.E., ENV SP, F.ASCE
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Civil Engineers DO have an Important |
on Society and Public Wellbeing

the greatest advances in improving human
health were the development of clean drinking
NG we owe our
health as much to civil engineering as we do
to biology
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Global & Environmental Issues

Shift Even More to Urban Areas

Require Widespread
Sustainability

Climate Change
Transportation
Energy Supplies
Clean Water and Air
Safe Waste Disposal

Population Pressure

— Food

— Disease

— Space/Density
Terrorism/War/Unrest/Natural
Events

Other resource limitations

WHAT CAN CIVIL
ENGINEERS DO?

Source: ASCE and others Page 5



1.
2.

Top US Social/Political Issues \’a
&

Federal spending

Jobs & econom

Poll Question: How
important will each
of the following
issues be to you
this year and next?

Fox News: Dec. 2012



National Academy of Science —
Grand Challenges of the 21 Century Engine rin

Source: The Essential Engineer

1. Make Solar Energy Affordable

2. Provide Energy From Fusion
3. Develop




CE/CEM Environment

Increased constraints on
financial resources

Major demographic changes
Rapid globalization with
Increasing competition

Rapid technology advances
and fusing of engineering and
science disciplines are driving
changing engineering needs




Climate Change — Different Points . _ E -

Of Vl EW’? Remember: Weather is not climate! ' \L

« Global Warming "< Global Cooling

Strategies — A new NASA study shows that from
ent of sea ice
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Human Population
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Resource Constraints will Intensify.
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Growth in China’s Urban Population ‘

MLLON - Urbanization --'f_*::’_ijuoN“ .

Source: “Preparing for China’s Urban Billion,” McKinsey Global Institute




Demographics Favorable Relative to Many Other Economies
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Working-Age Population Growth
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World map of Human Development Index (HDI) .
(UN metric based on life expectancy, education, GDP)

-

From PPT by William A. Wallace, ASCE ILC Spring Mtg 2010




Human Development Index vs.
Ecological Footprint

HDI vs. Ecological Footprint 12

Country by Country Plot . 1
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Technology




Technology Environment in 2020 -—-‘\_‘
&

e — » ‘
 Rapid and accelerating pace of
technological innovation




Boeing Engineering

WHERE BoEING PrLaANES GET THEIR START
Part of the Boeing Aircraft Company
all the complicated matters of stress, balance, weight, etc.,

s engineering department made up of graduate engineers. Here new designs are initiated,
are worked out and a considerable amount of research is conducted.
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IT Future Trends

» Everything will become conne
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India
O New York City Africa
n n exchanges The continent
AUSTRALIA more calls accounts for less
% with India than than 5 percent
| with Vermont of N.Y.C's inter-
\ or ldaho. national calls.

5. INDIA 3.2%

5 AFRICA

ASIA
10. ISRAEL 20% 5,
O

9. ITALY 2.1% —

EUROPE 6. FRANCE 3.1%

8. GERMANY 2.7% LR B

2. UNITED KINGDOM 10.2% -

1. CANADA 14.4%

A MONTH OF
LONG DISTANCE

These lines link New York City
to its top 50 foreign telephone NORTH
partners last September. Percentages AMERICA
are given for the top ten. Line width
represents call volume.

Europe

It's responsible
for more than

a fourth of N.Y.C.
foreign calls.

New York §

(el /3. DOMINICAN REPUBLIC 8.9%
MAICA 3.0%
g

o
N\ G
N

®)
4. MEXICO 4.3%

1
GUYANA

SOUTH
AMERICA

Guyana
Its many N.Y.C.
immigrants

make it No. 41
on the call list.
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Federal Spending and Revenue é\

INFLATION-ADJUSTED DOLLARS (2012)
%4 trillion

$3.60
trillion

Est. 2012:
- $1.08
trillion
) deficit

%3 trillion

Spending $2.52

trillion
$2 trillion o

%1 trillion

$0

1965 1970 1975 1980 1985 1990

1995 2000 2005 2010




F_ederal Debt

ashort.com

Gross Federal Debt as a Percent of GDP

with Estimates to 2015
Presidential Parties and Control of Congress Highlighted

: |

Democratis President
140% 5
Republicanis President

| ms Democrats Control Congress
_ Republicans Control Congress
| wmmm Spiit Congress
 w—De Dt/ GDP
—a—Debt/GOP Estimates




Who Owns Our Debt?

Estimated Ownership of Federal Securities
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o . .
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= 5,000 i (it
— M Depository institutions
2 4,000 M Mutual funds
= 3.000 State and local gov-
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= 2,000 M Foreign and international
1,000 M Federal Reserve and In-
tragovernmental Holdings
0
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end of month



http://upload.wikimedia.org/wikipedia/commons/1/17/Estimated_ownership_of_treasury_securities_by_year.gif

Y
Financial Services Technology www.usfst.com

Who OW”S Our Debt’) _ Which countries which own America's debt?
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General Government Debt as Percent of GDP by Country

Public Debt as Percent of GDP
O 0-20%

[ 20-40%

[ 40 - 60%

@ 60-80%

B 30-100%

B 100+ %

[ No data

Scurce: The IMF - Ccotober 2010
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Estimated U.S. Energy Use in 2011: ~97.3 Quads haa‘{‘{ﬁ';??_a&ﬁgt“o?;e

Net Electricity
Imports \ 0.

0.0175

Nuclear Electricity
8.26 Generation
39.2

26.6

Rejected
Energy

Hydro g

3.17
2.29
Wind

1.17 Residential

11.4
- ’ 0.430

Commercial
8.59

Industrial
23.6

Petroleum
35.3

Source: LLNL 2012. Data is based on DOE/EIA-0384(2011), October, 2012. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory
and the Department of Energy, under whose auspices the work was performed. Distributed electricity represents only retail electricity sales and does not include self-generation. EIA
reports flows for non-thermal resources (i.e., hydro, wind and solar) in BTU-equivalent values by assuming a typical fossil fuel plant "heat rate.” The efficiency of electricity production is
calculated as the total retail electricity delivered divided by the primary energy input into electricity generation. End use efficiency is estimated as 80% for the residential, commercial and
industrial sectors, and as 25% for the transportation sector. Totals may not equal sum of components due to independent rounding. LLNL-MI-410527




Energy-Related U.S. Carbon Dioxide Emissions in 2010: Bl Lawrence Livermore
~5632 Million Metric Tons National Laboratory

Electricity
1828 Generation

Residential 353
Commercial 230
Industrial 902
1876
Trans-
portation

Source: LLNL 2011. Data is based on DOE/EIA-0384(2010), October 2011. If this information or a reproduction of it is used, credit must be given to the Lawrence Livermore National Laboratory and
the Department of Energy, under whose auspices the work was performed. Non-fuel carbon and non-energy CO2 is not shown. The flow of petroleum to electricity production includes
both petroleum fuels and the plastics component of municipal sclid waste. The combustion of biologically derived fuels is assumed to have zero net carbon emissions - lifecycle emissions
associated with biofuels are accounted for in the Industrial and Commercial sectors. Emissions from U.S. Territories and international aviation and marine bunkers are not included.
Totals may not equal sum of components due to independent rounding. LLNL-MI-411167

Carbon
Dioxide
Emissions
5632




Increasing Raw Materials Demand

2

# 1]
o

)
o

Global Demand (normalised 2006 = 100)

20
= Aluminium
-———Thermoplastics
& 8§ 5 5 8 8 8 8§ B &

Allwood, Cullen, and Milford (2010), Options for Achieving a 50% Cut in
Industrial Carbon Emissions by 2050, Environ. Sci. Technol., 44, 1888—1894.



CO, Production

Global

Industrial

carbon carbon
emissions emissions
28 GtCO, 10 GtCO,

Allwood, Cullen, and Milford (2010), Options for Achieving a 50% Cut in
Industrial Carbon Emissions by 2050, Environ. Sci. Technol., 44, 1888—1894.




1970 Earth
Day Butto

Source: National Geographic, March 2009

ENERGY USED PER HOME

2006, in millions of BTU 41.0

ELECTRICITY
USED IN
THE HOME

89.3
ELECTRICAL
LOSS

3.6
RENEWABLE




Energy in U.S.

1935

DRAFT AMIMALS 2%
MAM POWER 1%
WIND #ALiS 4%

Courtesy of ““Building America.”

This graph shows what percentage of American
power is produced from each of our
natural resources.

~

by Source o SEL

" Coal 2010

21.29

¥ Biomass

14% Nuclear 8.6%

¥ Wind, Solar,
Geothermal
1.3% ¥ Conventional
Hydroelectric

2.6%

Source: EIA, Monthly Energy Review, March 2011, Table 1,3 Primary Energy Consumption
- bySource (Quadrillion Bru), 7, http:/ /www.eindoegov/emeu/mer/ pdf/mer pdl.




Why Worry About Energy
Efficiency in Built Environment?

e —

* 39% of tota



Green/Ultra-Efficient Buildings

Ultra-efficient buildings optimize and include the
following design features:
— Climate-specific design
(construction for energy efficiency)

— Passive solar heating and cooling
— Energy-efficient appliances and lighting (daylighting?)
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Example: Energy Efficiency ¢

— - T —_—
Energy savings up to 80%




Energy Efficiency & Lighting

Case Study: Retrofit of US Postal Service, Rodeo, CA

Total Lghtng Load Conmparisan Rodeo, CA W Baseline O Retrcfit
1000
£ 237
200 4 B
e
=
ERAORSH T1% 72 %0
E Swvings Swvings
E ety E5T%
- ¢ Savinge
o |
e 266 234 T |
-
0 -

Total Lashting Load Srhisns Lighting Lonad

Tesk Lighting Load




Efficiency of a series of
processes

chemical electrical
energy

PRIMARY (s : DELIVERED USEFUL
ENERGY POWER STATION ENERGY ENERGY




Example: Efficiency of an

TABLE 1.2 Efficiencies of selected components and biological systems

Component Energy Conversion Path Efficiency (percent)
Large electric generators m—e 98-99 T—
Large power plant boilers c—t 90-98

Large electric motors e—m 90-97

Home natural gas furnaces c—t 90-96
Drycell batteries c—e 85-95
Waterwheels (overshot) m — m 60-85

Small electric motors e —m 60-75

Large steam turbines t—m 4045 7
Wood stoves c—t 25-45

Large gas turbines c—m 35-40

Diesel engines c—m 30-35
Photovoltaic cells r—e 20-30

Large steam engines c—m 20-25
Internal combustion engines c—m 15-25

Steam locomotives c—m 3-6

Light Sources

High-pressure sodium lamps e—r 15-20
Fluorescent lights e—r 10-12
Incandescent light bulbs e—r 2-5
Paraffin candles cC—r 1-2

Biological Systems

Milk production c—c 15-20
Broiler production c—cC 10-15
Beef production c—cC 5-10
Local photosynthesis r—c 4-5

Global photosynthesis r—c 0.3

Energy conversion path labels: ¢ = chemical, e = electrical, m = mechanical, r = radiant, t = thermal.




Example: Efficiency of an
Incandescent lamp




US Annual Insolation

PV Solar Radiation
(Flat Plate, Facing South, Latitude Tilt)

Model estimates of monthly average daily total radiation using inputs
derived from satellite and/or surface observations of cloud cover,
aerosol optical depth, precipitable water vapor, albedo, atmospheric
pressure and ozone resampled to a 40km resolution. See

http: fhwanw nrel .gov/gis/il_solar_pv.html docurmentation for more details.

kWh/m2/day
Il > 9.0
B 8.5-9.0
I 80-85
I 75-80
I 70-75
I 65-7.0
I 6.0-6.5
B 55-6.0
50-55
45-50
4.0-45
3.5-40
3.0-35
25-3.0
I 20-25
I <20

Produced by the Electric & Hydrogen
Technologies & Systems Center - May 2004




Solar Energy

SOLAR THERMAL
COLLECTORS

SOLAR THERMAL
COLLECTORS

PHOTOWOLTAIC
COLLECTORS
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Simple Payback for Photovoltaic Systems
(Not Considering Incentives)

Payback Period

(Years)
Mo [
[ 5- 10 [l 40-50 System cost of $7/Watt
Annual average solar resource from tilt=latitude collector
l:l 10-15 - 50 - 60 Average commercial electricity rate for 2008 by utility/state*
D 15 -20 - > 60 Source: Ventyx and EIA state average.

Energy Laboratory for the U.S. Department of Energy "‘
Map created by Donna Heimiller - Oct. 4, 2010

This map was produced by the National Renewable ‘-’
[ 20-20
EWABLE ENERGY LABORATORY




Simple Payback for Photovoltaic Systems
(With Incentives)

Incentives from DSIRE
March 2010 release,
representing incentives
available to non-profit/
government entities for

a 100 kW system.

Payback Period

(Years)
0-5 30 -40
[ [] ——
[ 5- 10 [l 40-50 System cost of $7/Watt
= Annual average solar resource from tilt=latitude collector
|:| 10-15 - 50 -60 Average commercial electricity rate for 2008 by utility/state*
* Source: Ventyx and EIA state average.

[ 1520 I >0 v 9

This map was produced by the National Renewable M=
|:| 20 -30 Energy Laboratory for the U.S. Department of Energy "'!*"

Map created by Donna Heimiller - Oct 4, 2010 NATIONAL RENEWABLE ENERGY LABORATORY




PEAK LOAD VS. BASE LOAD
ENERGY

Wind and Solar are relegated to peak load
because they are variable, intermittent resources



Nuclear Fuel Pellet




Nuclear Fuel Assembly

- guide thimble 3
tube W Pellet

Fuel tube
[ Fuel rod




Safety Is Part of Reactor Designs*

Containment VYessel
1 5-inch thick steel

Shield Building Wall

3 foot thick reinforced concrete

Dry Well Wall

5 foot thick reinforced concrete

Bio Shield

4 foot thick leaded concrete with
1.5-inch thick steel lining inside and out

Reactor Vessel
4 to 8 inches thick steel

Reactor Fuel

Weir Wall
1.5 foot thick concrete



Nuclear Plant Security Zones

Oowner

Controlled Area Protected Area

Double Fence

Protected
Area

Vital Area
Access Control Points




U.S. Capacity Factors by Fuel Type -
2007 &

e ——

Average Capacity Factors (%)*

Fuel Type




Streamlined NRC Regulatory Processes?

Key Licensing Steps in Building First New Reactors

Development

Design Plant Construction/ @

Centitication Application Verification PR
Submitted

. L 1 ' | " .
] 1 2 3 4 5 B 7 8 9 10 11

Time in Years (*estimate for the first few plants)

The NRC’s new licensing process offers multiple opportunities for public input.



I Biggest nuclear-electricity producers
Terawatt hours*, 2009

100 150
United 5tates
France
Japan
Russia

South Korea
Germany
Canada

Ukraine

China
Britain

Source: Warld Nuclear Assaciation

% of total domestic production
- o
200 250 300 350 400

799 maEFl]

75

Japan. &
Nuclear free
by 2030?27

15
49|
2

18

*1 terawatt hour = 1 trillion watt hours



-ty T

Easy Math: A Year's Worth of Energy
at a Fraction of the Price...

160,000,000 . . ..

140,000,000 - - - - - -
120,000,000 - - - - - -
100,000,000 - - - - - -
80,000,000 - - - - - -

60,000,000 - - - - -

Cost in 1,000 of USD

40,000,000

20,000,000 - - ... ..

0

Qil Uranium

For what it costs China to run for just two days on oil,
they could run a whole year on uranium!




China’s Energy Dilemma

80% of its energy remMe

So ramp up nuclear! (curre 23

Buildine




How Much Oil Do We Use?

Oil Consumtion By Country
(CIA - 2003-2008)

25,000,000

20,000,000

15,000,000

10,000,000

bbl per day

5,000,000 -




Where Does US Import Oil Come

From?

Oil Imports to US
(June 2010 -9.87 M bbl per day)

US Energy Information Adm.

Illllu.......-_l

2,500

2,000 A
1,500 -
1,000 -
500 -
0 A

Kep J1ad |gq




U.S. Peak Oil History -
30000 10000
Discovery T 9000 l
25000 = Production T 8000
20000 =
8 =)
z g
= 15000 - g
g B
10000 = =~
5000 -

1870 1890 1910 1930 1950 1970 1990




Gulf of Mexico —
Oil Drilling and Leases
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What is fracking?

Hydraulic fracturing, or fracking, is a method of forcing natural gas

or oil from rock layer deep below the Earth’s surface. ... and why it’s controversial

How fracking works ... Mucvr;e' of ;tfllg water used ig fracking is collected from
A pressurized mixture The recovered water is the well and processed, but some communities

o of%and, water and estored in lined pits or have raised concerns that potentially carcinogenic
chemicals is injected into  taken to a treatment plant. chemicals can escape into drinking water.

a horizontally drifled well. » Nearby water wells face a slight risk

: Holding ; of contamination. (There's about a
(2] 31'3 g‘lg‘ g:gsac‘l’(‘:i!‘gb tanks { 1% chance of a nydrauic fracture

sandy grit, allowing natural
gas to flow up the well.

atural gas
flows lnto well

Water, sand
and chemi-

— O > Environmentalists fear that cracks
1 — Based on research pub- A, < created by fracking can spread to
lished this year in Marine and ., ‘ e existing cracks in the rock [ayer and
Petroleum Geology o5 Vel g2 become pathways to ground water.
Sources: Duke University; U.S. Energy Infomratlon Administration; National Research Council; Marine and Petroieum Geology
By Dan Vergano and Karl Gelles, USA TODAY



http://www.google.com/url?sa=i&rct=j&q=fracking+diagram&source=images&cd=&cad=rja&docid=EODjhc2CKToW3M&tbnid=_j1jeYHPxoDbCM:&ved=&url=http://bookmark61.xanga.com/&ei=7fRmUfjDLMHNiwLjn4DICQ&bvm=bv.45100731,d.cGE&psig=AFQjCNHI4iKbN2AgwRdDkTkkZhn9LmWdug&ust=1365788270026299

i~ W

North American shale plays
(as of May 2011)

) -

[ Current shale plays
Stacked plays
— Shallowest / youngest
—— Intermediate depth / age
——— Deepest/ oldest

* Mixed shale & chalk play
** Mixed shale & Fmestone play
*** Mixed shale & tight dolostone-

siltstone-sandstone play

] Prospective shale plays
Basins

0 A s -

Source: U.S. Energy Information Administration based on data from various published studies. Canada and Mexico plays from ARI.
Updated: May 9, 2011



http://www.google.com/url?sa=i&rct=j&q=fracking+diagram&source=images&cd=&cad=rja&docid=p-2IDqWZi4IA-M&tbnid=fgq38AEemjxT2M:&ved=&url=http://www.greenpeace.org/usa/en/campaigns/global-warming-and-energy/The-Problem/fracking/&ei=7fRmUfjDLMHNiwLjn4DICQ&bvm=bv.45100731,d.cGE&psig=AFQjCNHI4iKbN2AgwRdDkTkkZhn9LmWdug&ust=1365788270026299

U.S. Natural Gas Prices

dollars per thousand cubic

25

—+— Henry Hub spot price Forecast

—a— Composite wellhead price

Jan 2006 Jan 2007 Jan 2008 Jan 2009 Jan 2010 Jan 2011

5. E
@)i‘wmﬁ% Source: Short-Term Energy Outlock, August 2010; Reuters News Service

ministration

American Gas Association




Natural Gas d\‘

Natural Gas Resource Assessment of the
Potential Gas Committee, 2008 (mean values)

Traditional Resources 1,673.4 TCF
Coalbed Gas Resources 163.0 TCF
Proved Reserves (EIA) 237.7 TCF

Future Gas Supply 2,0741 TCF




Pipeline Grid

Shale Basins and the U.S. Pipeline Grid

Interstate Pipelines i

Intrastate Pipelines [}

‘)_\ Source: American Clean Skies Foundation.

Armercan Gas Assocsation




U.S. Natural Gas Supply

EIA, AEO 2010-2035 Reference Case

Trillion Cubic Feet

H Dry Gas Production MNet lmports




What Happens to Future Nuclear Plants if the
Supply of NG is Very High and Price is Very
Low?




TRANSPORTATION TOLLS

Cars and light trucks consume the lion’s share

. of petroleum used for transportation in the U.S.
r a n S O r a I O n Modest changes in efficiency and driving
u u habits could add up to significant fuel savings.

8.9 MILLION
BARRELS
OF PETROLEUM
USED PER DAY
IN 20086

25
MEDIUM
& HEAVY
TRUCKS

1.2
AIRPLANES

0.7
SHIPS &
0.3 BOATS

PASSENGER &
FREIGHT RAIL

If we drove our cars

20 fewer miles each week,

we could reduce their CO,
emissions by 107 million tons
each year, a 9 percent decrease.

If we improved our cars’ gas
mileage by 5 miles a.gallon,

we could cut their CO, emissions
by 239 million tons each year,

a 20 percent decrease.

AT

Source: National'\Geographic, March 2009
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Many definitions...but consistent core principles

Definitions

Brundtland Commission, 1983 World
Commission on Environment &

Development
Ceres Principles

Equator Principles S =
1992 Rio Declaration on Environment TR W ~ “a“l —_
and Development Core PrincipleS™ = " um—
Bellagio Principles
Hannover Principles
Natural Step

One Planet Living

Company-Specific

and more



The World’s View
of Sustainable Development

The Brundtland Commission, formally the World
Commission on Environment and Development
(WCED), convened by the United Nations in 1983

and defined sustainable development as:

“.... development that
meets the needs of the
present without
compromising the ability
of future generations to
meet their own needs.”



Universal Core -
Sustainability Principles . N

Finite Resources Interdependence

« Fresh water — finite quantities - Population increase — world
of fresh water and water rights population continues to increase

« Natural Resources — limited with increased demand for food and
global supply of carbon-based BRTIELITIEY goods
fuels, metals, and native  Ecological cycles —
materials Consequences of human

- Clean air — urban air quality is Intervention in :
getting worse and air-related « Economic health — is dependent
health issues are increasing on health of natural world

« Agricultural land — more land * Increases in impervious surfaces
Is taken up by development — changing local and regional
each year, or lost to hydrology
desertification ° Gre.en.house gas (GHG)

* Fisheries — fish stocks around emissions and climate change —
the world are in decline affect planet’s atmosphere,

biosphere and human infrastructure



Figure 1.7: Ecological Footpnint by Region, 2003

Principles, cont'd

Social And Personal Well-being e se)
Europa Mon-EU
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* Culture and history
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