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Taxonomy of Environmental Issues

Design for

Sustainable

| Environment

Development

End-of-Pipe | Pollution
Treatment Prevention

 Reactive « Reduce
» Reliance on » Reuse
abatement * Recycle
* Driven by
regulations

— Manufacture

— Product use

— Disposal

 No regard for
resource consumption
e Limited
accountability

* Proactive

* Beyond
compliance

o Life cycle
analyses

« 1SO 14000
 Extended
product
responsibility
e Full cost
accounting

e Benchmarking

 Eco-efficiency
e Triple bottom line
— Economic
— Environmental
— Societal
» Good individual
and corporate
citizens and
Government
« Accountability in
both Public and
Private Sectors




Use of resources,

Environmental

Discharge of wastes

ﬁnomic and

Processes

Human and Decisions

Environmental

Impacts
Governmental

and Societal
Decision
Making

Urban
Development

Education,
Human Resource
Development,
Risk Communication

Considerations

Triple Bottom Line: Economic/Environmental/Societal

Proactive Decision Making: Information Flow in
Sustainable Systems
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New Technological Development
will Complicate Decisions Further

Info - Transportation substitutes for local and long
distance travel (e.g., teleworking, telecommerce
Infrastructure versus surface transport). Reduced travel
time, improve traffic flow, make roads safer.

Nano - Nano-photosynthesis produces sugar, starch for
food; synthesis of cellulose for paper and wood avoids
clear-cutting forests. Fewer farm animals and associated
pollution. (Mark Weisner on Sunday)

Cogno - New sustainable society concept and better social
decision-making. Engage retired community; transfer their
knowledge to create a more sustainable environment.

Bio - Greater use of renewable resources without
depletion, degrading the environment and negative impact
on quality of life. Biotechnology can be used for infectious
diseases, making residents more healthy.



Sustainability Metrics: Basic

Materials

Mass of Raw Materials - Mass of Product
Output

Water Consumption
Volume of Fresh Water Used

Output: Output
Energy
Mass of Product Net Energy Used
or Output
Sales Revenue Pollutant Dispersion

or Total Mass of Pollutants Released




Other Metrics

Global Warming
Acid Deposition
Ozone Depletion
Smog Formation
Fish Toxicity
Green Algae

Human Acute and Chronic Disease - Carcinogenic
Potential




Metrics Comparison of USA to Other Countries

Metric Efficient Current Status Source
Least Europe/World  USA
O4 Concentration 120 40~70 WHO
ug/ms3 (8 hour mean) (1999)
SO, Emissions 10.0 4.9 4.9~119.1 63.1 OECD
kg per capita per yr Switzerland (1997)
Water (Potable) 150 25 159 Amsterdam 466 Ll
L/day per capita Uganda New )
York
Solid Waste 1.0 0.3 1.1 Amsterdam 1.7 NIk

kg/day per capita Madagascar New (1997)




Many Data Sources are Available — Some with Values Judgement

High Medium

(environmentally (environmentally Low
Metric efficient) responsible) ineeds work)
Air
O3 ambient average annual air 120 121-170 = 170
concentration (yg/ m?)
Water
Water use per capita (1/day) = 150 151-300 = 301
Solids
Waste generated per capita (kg/day) 1.0 1.1-1.5 >1.5
Transportation
Percentage of housing units within 100 50-99 < 80
350 m of public transit
Enerqy
Energy use per capita (toe/vear) = 2.50 2.51-3.50 >3.50
Resource use
Eesource use per capita 2.5 2.6-3.6 > 3.6
(kg/day)
Population
Population density (people/ha) 100-170 80-100 or 170-200 < 80 or =200
Lirban ecology
Open space per capita (ha) =275 1.75-2.75 <175
Liveability
UNDF's Human Development Index > 0.911 0.750-0.911 < 0.750

General environmental

management

Does the city/region have an overall
environmental management plan?

Yes, and it works

No, but in progress

Mo, and not in progress

Note: toe, Tons of oil equivalent; UNDP, United Nations Development Programme.
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Strange Things in Treated
Wastewater

COMPOUND
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Source: C&E News, October 4, 2004 & December 3, 2001
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COSMETICS

AHTN = 7-Acetyl-1,1,3,4,4,6-hexamethyltetrahydronaphthalene.
DEET = N,N-Dimethyl-m-toluamide.
HHCB = 1,3,4,6,7,8-Hexahydro-4,6,6,7,8,8-hexamethylcyclopenta[g]-2-benzopyran.



Unintended Consequences

Mad Cow
Disease v
USDA Bans Animal || Economic growth
Products in Beef In China
* A 4
Demand for
Open Range Beef DML (ol S0y
Amazon Foot & Mouth R$ Devaluation

Disease Eradication

Brazilian Cattle Soy Expansion
Herd Expansion

Amazon Deforestation

Source: Daniel C. Nepstad



Fertilizer Effects
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Depth = 100 Meters

R



And What about Katrina & Rita?
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What is Green Engineering?

Design, commercialization and use of processes
and products that are feas/ble and economical
while minimizing:

Risk to human health and the environment

sENEration or poliution at the: sourc

US EPA, OPPT, Chemical Engineering Branch, Green Engineering Program




Green Engineering

The Sandestin Principles

1. Engineer processes and products holistically, use systems analysis, and
integrate environmental impact assessment tools.

- 2. Conserve and improve natural ecosystems while protecting human health and
well-being
Use life-cycle thinking in all engineering activities
.~ 4. Ensure that all material and energy inputs and outputs are as inherently safe
and benign as possible
5. Minimize depletion of natural resources

.= 6. Strive to prevent waste

Create engineering solutions Beyonad current or dominant t
Improve; Innevate andiinvent (technologies) torachieve: s

LAKENO;
SEIULIGNS

* Wa’[er Green Engineering: Defining the Principles, Engineering Conferences
International, Sandestin, FL, USA, May 17-22, 2003.




Early vs. Detailed Design Tasks

Initial design task

v

!

Process synthesis and base case
flowsheet development

Reaction pathway evaluation
Solvent selection
Technology selection
Equipment selection

oNdE

Equipment sizing
Economic assessment
Environmental assessment

!

Scaled gradient analysis

v

Process
lterate simulation

Improved base

v

Multi-objective
optimization

v

Life cycle assessment

v

case flowsheet

Early Design

Optimum

Chen, H., Rogers, T.N., Barna, B.A., Shonnard, D.R.,, Environmental Progress, April, 2003.

Detailed Design




Environmental Fate Calculations

Level 1. Input / Output Information
“Tier 1” Environmental Impact Analysis

|« 100 km >|

Multimedia 1°°"”’/| D * emission inputs, E
compartme LA i . « advection in and out, D,
model | Il et « intercompartment mass transfer,D;
Water T * * reaction loss, D
20m i R
desp /A:Z_;/:-"i
\} // — s Dg1
A A 7 ;r
1;
AIR (1)

Sediment
1 cm deep

fy

MODEL DOMAIN (Not to scale)

Model Domain Parameters .
e surface area - 10% -10° km?2 ; b
* 90% land area, 10% water ;
* height of atmosphere - 1 km J'Dz.-.

* soil depth - 10 cm

* depth of sediment layer - 1 cm
* multiphase compartments

SEDIMENT (4)

Mackay, D. 1991, "Multimedia Environmental Models", 15 edition,, Lewis Publishers, Chelsea, Mi



/Im pact Cateqories\
Ozone Depletion
Global Warming / Characterization (e.g., Cancer) \
4 ) Acidification = ;:
Inventory of Stressors Cancer 7 g m TN
Soil (;,,"’““-%)
Land Use = Noncancer - A ~ W; + Ly
Chemical Emissions i s o4 3 ‘ ‘"‘\
Criteria > sednart L, &
Water Use Eutrophication S — _— j
\FOSS” Fuel Use P Smog Formation
Ecotoxicity
Fossil Fuel Use *
Land Use
\Water Use /
o ™
/ Ozone Depletion I

'TRACI

Tool for the Reduction and
Assessment Of Chemical and
Other Environmental Impacts

-

fGIobaI Warming

KCancer

_J

Original Source: Jane Bare, USEPA

Option A
o

Option B




Endpoint Approach May Reduce
Comprehensiveness

Emissions (CFCs, Halons)

|

Chemical reaction releases CIl- and Br-

Cl-, Br- destroys ozone
MIDPOINT measures ozone depletion potential (ODP)

l

Less ozone allows increased UVB radiation
which leads to following ENDPOINTS

skin cancer cataracts

marine life damage
: : damage to materials like plastics
immune system suppression



Hazard Toxics Potential - CalTOX

. Follows Risk Assessment Guidelines and

Exposure Factors Handbook.

- Multimedia modeling approach allows
appropriate media transfer.

. Persistence is integral part of LCIA equation.

- Developed for U.S. - incorporates data for
every state.

- USEPA Science Advisory Board said that
CalTOX was the “most sophisticated.”



Ed Microsoft Excel - Sen1
' File Edit View Insert Format Tools Data Window Help Acrobat

DEEa SRY s2@AC - - @z £ 4 BB 100% ~ @ [ Geneva % . W3
|'®
M | = | Local Sensitivity Results
A B & | D | E F | G | H | [ | J | K | E | M | =]
1 |Local S itivity Results
| 2 | Chemical name chem-name
i Landscape Name Site nameg
4
Local Sensitivity
5 Parameter name Symbol | Base value cv itivity Score
| 6 Inhalation cancer potency | g1*(inh) 1 0 0.1000 0.00
L] Ingestion cancer potency g1*(ing) 1] 0 0.1000 0.00
| 8 Dermal cancer potency | g1*(drm) 1| 0 0.1000 0.00
i Inhalation cancer potency | ADI(inh) 1 0 0.1000 0.00
10 Ingestion non-cancer ADI| ADI(ing) 1] 0 | 0.1000 0.00 | | | | |
L] Dermal non-cancer ADI ADI(drm) 1] 0 | 0.1000 0.00 | | | - |
| 12 Total dose non-cancer ADI| ADI(ti) 1 0 0.1000 0.00 I
13 Time after measured concenirations| Time1 1] 0.1 | 0.1000 0.01 | | I Ca I |
15/
il Source term to air (mol/d)  Sa 0 01 | 0.1000 0.01 | | a I O X |
| 18 burce term to ground-surface soil (mol/d) Sg 0 0.1 0.1000 0.01
| 19| Source term to root-zone soil (mol/d) Ss 0 01 0.1000 0.01
| 20 | Source term to surface water(mol/'d)  Sw 0 01 0.1000 0.01
= Screen
22|
|23
24
25 Molecular weight (g/mol), MW 1 0.1 0.1000 0.01
26 Octanol-water partition coefficient,  Kow 1 0.1 0.1000 0.01
27 Melting point (K) Tm 1 0.1 0.1000 0.01
28 Vapor Pressure in (Pa) VP 1 0.1 0.1000 0.01
29 Solubility in mol/m3 S 1 0.1 0.1000 0.01
30 Henry's law constant (Pa-m"*3/mal) H- 1 01 01000 0.01
31 | Diffusion coefficient in pure air (m2/d)  Dair 1 0.1 0.1000 0.01
32 | Diffusion coefficient; pure water (m2/d) Dwater 1 0.1 0.1000 0.01
Organic carbon partition coefficient
33 Koc Koc - 1 0.1 0.1000 0.01
Partition coefficient in ground/root soil
34 layer, Kd_s - 1 0.1 0.1000 0.01
Partition coefficient in vadose-zone soil
35 layer| Kd_v- 1 0.1 0.1000 0.01
36 Partition coefficient in aquifer layer Kd_q - 1 01 01000 0.01

Partition coeffic. in surface wir

37 sediments| Kd_d - 1 0.1 0.1000 0.01 2
»




Indicators of Toxicity

Level 1. Input / Output Information

“Tier 17 Environmental Impact Analysis

The TRACI method and software
contains a comprehensive listing
of impact categories and indicators.

Relative Risk Index Equation
Human Toxicity o Cuvi LD roiuene
Ingestion Route Cuv totuene Do
Human Toxicity = Cai LCoo roluene
Inhalation Route Ch rotuene LGoo
Human * Gy, HV
Carcinogenicity G HV.

. , Benzene Benzene
Ingestion Route
Human . C.i HV
Carcinogenicity einn = C H
Inhal atlon Route A,Benzene \éenzene
Fish Toxicity e Cuwi LCsot pep

W, PCP I—CSOf,i

LDso = lethal dose 50% mortality, LCso = lethal concentration 50% mortality
and HV = hazard value for carcinogenic health effects.




Total Cost Assessment—\What
does It do?

Evaluate a decision on a financial basis

Takes into consideration contingent liabilities
and intangibles

Helpful for environmental and health related
decisions




Total Cost Assessment

Cost Type

Description

Examples

I. Direct costs

Manufacturing site costs

Capital investment, operating, labor,
materials, and waste disposal costs

1. Indirect costs

Corporate and
manufacturing overhead

Reporting costs, regulatory costs,
and monitoring costs

I11. Future and
contingent liability
costs

Potential fines, penalties
and future liabilities

Clean-up, personal injury, and
property damage lawsuits; industrial
accident costs.

IV. Intangible
internal costs
(Company-paid)

Difficult-to-measure but
real costs borne by the
company

Cost to maintain customer loyalty,
worker morale, union relations, and
community relations.

V. External costs
(Not currently paid
by the company)

Costs borne by society

Effect of operations on housing
costs, degradation of habitat, effect
of pollution on human health




Total B=refit & Cost Assessment
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Microsoft Excel - compliance

DEEHS SRY §B2R T o- @ = £ 22 mP s -0, RN
File Edit Wiew Insert Format Tools Data Window Help  Acrobat G{ _|&] x|
= ﬁ ﬁ Favorites = | Go = | 5] | C:\Program Files\ TCAce\QTipsicompliance . xls - .

J5 ﬂ =

A E C u] E F G H | J K L =

1 |Inflation and Discount Factor Tables Inflation and Inflation and Di Inflation and Inflation anc Inflation anc Inflation and Inflation and | Inflation ar Inflation and Discount Factor Table—

2

3 |Inflation Factor 2%

4 | Discount Factor T

5 —1

£ |Inflated Cash Flows

-

& | Industry Nominal Inflated NPY to Year Year Year Year Year Year Year Year

9 Cost Cost 1998 1 2 3 4 5 [ 7 L]

10

11 | Inflation Factor 1.02 1.04 1.06 1.05 1.10 1.15 1.15 117

12

13 | Aerospace

14 |- Annualized Cost (50,476 [1.419.539) [52.0585] [53.727] [55,402) [&v.110) [85.5852) [90,629) [92.442] [94,290)

15 | Amine and Phencolic Resins

16 | -0&M 2013778 35521611 21.041 538 2,054,054 2095135 2137038 2179778 2223374 2AEVEd | 2313185 2359462 2

17 [-Capital 2,719,067 2,773,448 2,582,005 2,773,448

18 |Pesticides

19 [-0&M 524,495 9,251,768 5,450,366 534,985 545,685 556,601 SET. 733 579,055 90,670 B02 453 E14,5353

20 |-Capital 944,076 962,953 393,350 962,955

21 |Pharmaceuticals

22 | -Annualized Cost 13,732,397 242,229 665 14,007,045 14,257,156 | 14,572,930 14,564,385 SRR SR SR EEREEE

23 | Polymers and Resins |

24 | -0&M 2011101 35,474,390 21,015,567 2,051,323 2,092,350 2134187 21768581 | 2220415 2264827 2310123 2356326 2

25 | -Capital 2,529,039 2579670 2,410,907 2579670

26 | Polymers and Resins IV

27 |-Arnrualized Cost [1.558.7dd)] [2d,283,4538) [1.589.918) (1.621.7171  1,654,151) [1.687.23d) (1,720,879 ##eE ShdEaE | (1,526.317) 4

28 |Polyurethane Foam

29 [-0&M 42,290 T45.973 363.139 43,136 43,999 44,579 45,777 45,692 47 626 45,578 49,550

30 |-Capital 367,065 374,403 349,915 374,409

31 [Pulp & Paper |

32 [-0&M 1,505,055 26,548,142 | 12923613 1,535,159 1,565,562 1,597,173 1,628,123 | 1,661,705 1,694,939  1.,728.838  1.763415 1.

33 [ -Capital 11,357,581 11,584,735 | 10,826,853 | 11,584,733

34 | Synthetic Organic Chemicals

35 | -0O&M 231,665 4,055,453 1,989,252 £36,301 241,027 243,545 250,765 £55,750 260,595 266,113 271,436

36 | -Capital 595,916 511,915 o71.8583 511,915

37

38 |Mores:

39 |* - Eack ome of the cach Flows in Future years iz inflated, then discounted. The values in the "HPY to 1998 column are the sum of the discounted Future cach flows.

40 The discounted ralues are shows in Table 2.

41

4z |Discounted Cash Flows -
|4 [« [» [w], Compliance Costs 4 Background Data ' Inflation Table / | 1 | | » | |_
Feady

| 5tart| 4, dmenica Online | Microsoft FowerPaint - [TE...| E?TE{".CE H%Hicmsuft Excel - com... %,%4 E&@ 5:33 P




Financial inventory
Major non-compliance

Loss of some customers, at
least temporarily : 50%
probability of losing at -

least one customer. i
Costs from $20K/yr to = A
$1M/yr. Most likely result

S annual losses off $200-
400K/ yr.

Beta (5, 10, 20k, 1M)




Conduct Assessment

Data is entered into tables in a tool such as TCAce™

JPWW R

Edit Table of Hon-5Scenario Cost Input {dollars or Euros)
Type 152 Data Input Rows W

_—

—=| i@

% =~ Hon-5cenaric Cost Types W [}
Recovery system RS Maimtenance RS Shutdown

Depreciation tadddd! 'E' 'E'
Salvage Value Sk Il I
Business as usual 0 1] 0
Install recovery system 1 1 1
2003 Th 0 UniformiS0k, 100K
2004 0 E000 I
2005 0 G000 0
2006 0 G000 0
2007 0 G000 0
2008 0 G000 0
2009 0 E000 0
20110 0 E000 0




Conduct Assessment

Calculate Net Present Value with Respect to Baseline (Business as
Usual) or Conventional Treatment

Double Click to
| Eegin

TCA Cptions Select Baseline | Business as usual V| Select Cost Tax Basis | After-tax basis V|

Discount Rate Scenario Horizon Years (Year) (Marginal) Tax Rate

Define Define Scenarios and || Define External Pollution |{ Model |
~ Their Cost Consequences Costs  details

Non-Scenario Costs
Expected Frobahilistic

Scenarios Scenario probabilities / occurrance Cale | mi L
v

Scenario costs Cale

Model Documentation

Results

b=
(9]
=
(]

Costs Costs, by cost Cale

b=
Q)
Ii

Costs, by cost type Cale

Option Evaluations After-tax Net Cash Flow wrt Baseline
MNet Present Value wit Baseline, by cost Cale

Met Present Walue Total wrt Easeline Cale

Q
I

External Costs External Cost Results Cale



Conduct Assessment

Simulation shows < 25% chance “Business as Usual” will be the
more cost-effective solution.

g Probability Bands of Sim HPV Total wrt Baseline {dollars or Euros) XYl
@ TCA Options TF | Install recove ry system i [3 &1

Key: Probability W |

X Axis: Time -

Sim NPV Total wrt Baseline (dollars or ...
(]
=

2004

Probability
...... 0.05
oS 0.25
o 0.5
----- 0.75
0.95




CONSTRUCTED
TREATMENT WETLANDS

Is this a Sustainable
Choice?




What Is a Constructed Wetland?

A designed rar-rnacle cornple of:

[> Enrlerejanit siplel Stgrrierejent Vecejetaition

[> Animal Life
[> Water That Simulates Natural Wetlands




Present Treatment Applications

= Municipal and Industrial Wastewaters
= Acid Mine Drainage

= | andfill Leachates
=
)




Contaminant Removal Mechanisms:
Multiple Processes At Work

>

> O, through plants to

> root zone

<

\ il .
Planting
SHSIELE
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Typical Construction Costs

CONSHIRUGHIED
WE IEANRS




Advantages of Constructed
Wetland Treatment Systems

Inexpensive to construct

Very low operation and maintenance costs

Easy to maintain, simple to operate

Provide proven and reliable wastewater treatment

Tolerant of fluctuating hydraulic and contaminant
loading rates

Indirect benefits including additional green space,
wildlife habitat, recreational and educational areas

L_ess negative impact on freshwater



Potential Disadvantages of Constructed
Wetland Treatment Systems

Require relatively large land areas
Lack precise design and operating criteria

Potential vector control concerns




Sustainability Model

Societal
Costs
+
Societal Busmess
Benefits ‘ Costs
. )
SLUsiness
:<;I\ N Societal
TEVEIEES ) Concerns

Invest when Business revenues > Business costs

and

Adapted from Dicksen Tanzil, BRIDGES to Sustainability



Evolution of Costs

External .
Reduced Enjoyment of Property

Psychological Impacts

%
3 Physical Health Impacts ‘e,

g
A Soclety L%
Join Citizen Groups Property Devalues
Take Legal Action Tourism Declines

Contact Regulatory Agency Development Hindered
Relocate Employment Declines

Intanginle

Internal legal costs L ost aood will
Capital for equipment Punitive Damages Fines & penalties Job r% ductivit
Public Relations Staff P y



Model Ecosystem: Trophic Levels

»  Nutrient Pool (¥0)

s

Nutrient Pool E

Plant
(D

| T

Primary Producers

e

Herbivore

Ny

[

Carnmivore




System Response
Increase Growth of Plant 3

60 N

_______
_______
_______
-

“W
e M

o Biomass
LS
(@)

Source: Herb Cabezas



Co-extinctions

1.0 9 —— Butterflies-host plants
Bird mites-birds

— = Seabird lice-seabirds
Fnmate lice-pnmates

—8— Primate nematodes-primates
—_— Primate Pneumocystis fungi-primates
——— Lycaenidae ant bulterfhes-ants

— Agaonidae Ficus wasps-Ficus

o =) o
£ (8} [#5]
i i i

Proportion of affiliates extinct (A)
o
P

0.4 0.5
Proportion of hosts extinct (E)

Source: Science, Vol 305, 10 September 2004


http://www.sciencemag.org/content/vol305/issue5690/images/large/zse0350428220001.jpeg
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J File | Edit Wew Favorites Tools  Help ﬁ
J HEBack - = - @ i | QSEarch [Fe] Faworites @Histury | %v = | - fgl
J.ﬁ.ddress IE ks f e evvri ec,oc, cagesrifendlishfscreener fdefaulk, cfm j e “ Links *
Screening Modulg  Environmental Valuation Reference Inventory
w.ﬁi Navigate Records | Record Management | Search Session Help
<> B P &R ?
Geographic
Population EVEI Number: 99231-43415 Fecord 1 of 9
Bann, C., "An Economic Analysis of Tropical Farest Land Use Options, Ratanakiri Province, Cambodia"”, Economy and
Esvironment Enwironment Program for Southeast Asia, International Development Fesearch Centre 1998 | 1997
Timeliness of Data . . ;l
Table 1. Annual Value and Net Present Value (NTV) of Non-Timber Forest Products by Village:
Economic Measure Tapeaﬂ Forest (]. 006 US$)
Estimated Values Kancheung Mas Koy Tangaich TOTAL
Abstract Fuelwood 5,333 2,613 4,375 2,652 14,973
Complete Study Malva nuts 2,537 138 175 343 3,193
Trad. baskets 830 336 1.086 189 2.441
House constrmction 1.776 T ada 1,498 4,930
Mifd. goods 123 a7 221 60 491
Wildlife 6,683 39.163 153,671 27,000 226,517
Fish 12,806 14,529 20,056 3.834 47,391
Medicine 60 35 92 19 206
| TOTAL | 30,088 57.678 180.564 35.576 | 303.906 =
@ Do I_I_ (T Lacal intranet

iﬂStart”J :ﬂ ﬁ I"_;,f] =t |J Presentatiun For August ... ”@E?RI— Screening Modu... |<E§ R g 9:21 AM




Evolution of Benefits
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. Sustainability Metrics
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Where Do We Need More Information?
(for Freshwater)
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Source: Sustainable Engineering Forum
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Eutrophication
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Seawater Substitution
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Summary

B Sustalrzawility Is truly corning of age

m \\e riave rrarvelous tools

B Ve rlead sgecific data aggut weiter 2l
lprieraicilons Wiin oiner 1ssues

G ECISIOREMEIRENEIGEESS
IREUSHR/AIST O ETURENIIESSEGES HOVWAEIEUL

geVermnmentand acadeniia




Acknowledgements & Credits

. John Crittenden — Arizona State University

» David Shonnard — Michigan Technological
University

. BRIDGES to Sustainability Institute
. Ray Merrill - Alcoa
o Greg Norris — Sylvatica

50D Wlllrnrrl = “[he sustaiiannity Aavaniage-
=lorda Aguatic Weed J\/Irlncgememr

USPDOE & USEPA for Funding




Questions?
Ccomments?

=lgeifonie of gagdf cgglas, TEA radort, lastiitiia far St pelelliny




	How Sustainable Companies Make Decisions; Freshwater
	Summary
	New Technological Development�will Complicate Decisions Further
	Sustainability Metrics: Basic
	Other Metrics 
	Strange Things in Treated Wastewater
	Unintended Consequences
	Fertilizer Effects
	And What about Katrina & Rita?
	What is Green Engineering?
	Green Engineering
	Early vs. Detailed Design Tasks
	Environmental Fate Calculations
	Endpoint Approach May Reduce Comprehensiveness
	Hazard Toxics Potential - CalTOX
	Indicators of Toxicity
	Total Cost Assessment—What does it do?
	Total Cost Assessment
	Financial inventory�Major non-compliance
	Conduct Assessment
	Conduct Assessment
	Conduct Assessment
	What Is a Constructed Wetland?
	Present Treatment Applications
	Advantages of Constructed�Wetland Treatment Systems
	Potential Disadvantages of Constructed Wetland Treatment Systems
	Sustainability Model
	Model Ecosystem: Trophic Levels
	System Response�Increase Growth of Plant 3  
	Co-extinctions
	Where Do We Need More Information?�(for Freshwater)
	Eutrophication
	Seawater Substitution
	Summary
	Acknowledgements & Credits

