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What is BRIDGES?

* A non-profit research organization
* An educational entity
A confidential ally / corporate adviser

Integrated, interdisciplinary approach

focusing on

Implementing Sustainability



Metrics Development at BRIDGES

1999

1999 DOE / AIChE Initiated project with CWRT
Sustainability Metrics Workgroup

© 2004 BRIDGES to Sustainability ™




Metrics Development at BRIDGES

2000

2000 Interface Carpets, Applied CWRT metrics to three
Formosa Plastics, companies
Owens Corning

2000 45 industry/govt Sustainability Metrics Workshop to
participants critique approach
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Metrics Development at BRIDGES

2001

2001 DOE /AIChE/SRI Developed metrics for 50+ chemical
processes using PEP data

2001 DOE / AIChE “Practical Minimum Energy” as
baseline for energy metrics
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Metrics Development at BRIDGES

)

2002

2001 DOE /AIChE /SRI Developed metrics for 50+ chemical
processes using PEP data

2001 DOE / AIChE “Practical Minimum Energy” as
baseline for energy metrics

2002 EPA /GCHSRC Linked Sustainability Metrics with
Total Cost Assessment

2002 BRIDGES Initiated development of
BRIDGESworks™ Metrics software

© 2004 BRIDGES to Sustainability ™




Metrics Development at BRIDGES

present

2003  The Stanley Works  Pilot metrics for Board Meeting
(with covergence consulting)

2003  NSF / Caterpillar Pilot metrics for product design

2004  The Stanley Works  Expansion of metrics project to Asia,
upstream and downstream

2004  AIChE /IfS Partnership intent: develop
educational software, case studies,
industry pilots, markets
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Evolution of Environmental Metrics

Minimize local

Level 4:

Supply Chain &
Lifecycle Indicators

Level 5:
Sustainable System
Indicators

Facility Effect Indicators

& global
impacts
Eco-efficiency:
More value
. with less
Minimize
exceedences
& violations Level 3:
Level 2:

Facility Material Use &
Performance Indicators

Level 1:
Facility Compliance/
Conformance Indicators

(Veleva & Ellenbecker, 2001)




Evolution of Environmental Metrics

Broader impacts:
time, place, value, resources

Involve suppliers &

customers Level 4:

Level 5:
Sustainable System
Indicators

Supply Chain &
Lifecycle Indicators

Level 3:
Facility Effect Indicators

Level 2:
Facility Material Use &
Performance Indicators

Level 1:
Facility Compliance/
Conformance Indicators

(Veleva & Ellenbecker, 2001)




Uses for Sustainability Metrics

* Support internal decision-making

— Evaluate alternatives (technologies, raw
materials.....)

— Identify improvement options
— Evaluate acquisitions and suppliers
— Evaluate R&D alternatives / innovations

* Track performance
e Stakeholder communication
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Uses for Sustainability Metrics

* Support internal decision-making

— Evaluate alternatives (technologies, raw

* Track performance
» External reporting
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BRIDGESworks™ Metrics Software

Screening tool

Lay key 1ssues on the table

Extend boundaries on impact considerations
Assist calculation and weighting of importance
Facilitate benchmarking and standard setting
Aim for management-friendly application
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Metrics Criteria

* Simple

» Understandable

* Easy to reproduce / Comparable

* Complement regulatory programs
* Robust, non-perverse

« Cost-effective data collection

 Stackable and Scalable
« Useful management tools

* Protect company information
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Metrics Scope

Upstream

Company
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Metrics Scope

Process,
Business unit,
Supply chain,
IR - =1
Raw Materials ol | Products >
| |
| |
Water < 1 Non-Product
| JPollutants & Waste
Energy I I
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Basic Sustainability Metrics

» Material Intensity

Output:
Mass of Raw Materials - Mass of Products
Mass of Output
product > Energy Intensity
_ Net Energy Consumed in Primary Fuel Equivalents
Functional Output
unit
» Water Consumption
Revenue Volume of Fresh Water Consumed
Output
i > Toxic Release
Value- Mass of Re(;;o?nltzed Toxics
Added uipd

> Pollutant Effects
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Complementary Metrics

e Material e Water

A Packaging d Fate of rainwater

O Percent renewable  Water consumption by source
resources used L Water added to products

O Percent recycled materials 1 Water use per availability
used

[ Toxics in product o Energy

U Toxics in raw materials (O Feedstock energy consumed

 Resource depletion (with O Percent renewable energy
LCA) used
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Complementary Metrics:
Toxic & Pollutant Effects

1 Human toxicity — 1 Global warming potential
carcinogenic 3 Photochemical ozone

U Human toxicity — non- creation potential
carcinogenic Q Air acidification potential

' Ecosystem toxicity O Tropospheric ozone

depletion potential
U Eutrophication potential

Weighted using available impact assessment methodologies
¢.g. TRACI)
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Comparing Metrics Across
Product Slate

Product

Greenhouse Gases

I$VA /b /$Rev I$VA /b /$Rev I$VA
0.283 0.809 1.942

8.763 2.971 1.151 5.732
0.062 0.283 1.823 8.287 11.592 1.239 5.632 0.00011  0.00049 0.00069

Pollutants
ISVA b I$Rev

Toxics
ISVA b I$Rev

Water
ISVA /b I$Rev

Material
/b I$Rev

Energy

0.049 6266  10.827 0.00203  0.00351 0.00606
0296 1585 2672
1.095 4379 10546
0.00002  0.00004  0.00023

6.780 9.545| 0.00163 0.00352 0.00495| 0.00000 0.00000 0.00000

0.437

5.930
0.01050| 0.00013 0.00104 0.00241 0.436

0.708

0.914 0.00058

Polyethylene

Butadiene

Acetic Acid

PVC

Nylon 6

Formaldehyde

Styrene
Aniline 0432 1.094

Chlorine

Maleic Anhydride
Hydrofluoric Acid

Ethylene 0.082 0.636 1.481 3.107
Ethylene Glycol 0.267 0.875 1.636 2.335 7.643 14.291
Phosphoric Acid

Acrylonitrile

0.00000 0.00000 0.00000 2.534 4.737

0.00000 0.00000 0.00000 1.396

Metrics developed from SRI Process Economics Program
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Measuring Facility Performance

Primary Energy btus per $ VA

Business Unit 1

Business Unit 2

Business Unit 3

Business Unit 4

Increasing btus Per $ VA —»

wlntetnintuintnintutinnine Business Unit 6

Wﬂﬂnw

Individual Plants |] Multiple Products
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Extending Metrics -

MAKE SOMETHING GREAT™ T ra n s p o rtat i o n

lyear

700,000

B Transport (Outbound)

600,000 1 |@TOTAL (Fenceline)
500,000
400,000 -
300,000
200,000
100,000 -
0 :

Primary Fuel Equivalents, MMbtu

Facility A Facility B Facility C

/$ Revenue

w
o

B Transport (Outbound)

B TOTAL (Fenceline) !

N
[&)]
!

N
o
!

-
o
!

Primary Fuel Equivalents, kbtu
o o

o

Facility A Facility B Facility C

Primary Fuel Equivalents, kbtu

Primary Fuel Equivalents, kbtu

/Ib of product

45
40 | | B Transport (Outbound)

35 | | @TOTAL (Fenceline)

30 A
25 A
20 A
15 1
10 1

Facility A Facility B Facility C

/$ Value-Added

60

B Transport (Outbound)
50 1| @TOTAL (Fenceline)

40
30 -
20
|
0
Facility A Facility B Facility C

* Zero Value-Added




BRIDGESworks™ Metrics
Software

* Metrics management tool Scalable, stackable
* Provides a metrics « Tracks performance

starting point « Runs simulations
* Heuristics developedas « Canbe usedin design

default - Can produce benchmarks
* Incorporates benchmarks and signal thresholds

for 50+ chemicals  Organizes data and results
* Includes Impact Database |, Retrieves legacy data

* Offers flexibility to build through customization

additional metrics
Content unique to _
BRIDGESworks™ Metrics
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Example: ‘ChemCo’ Facility

— Olefin

PS Group

| Polystyrene
Styrene . (PS) !
|
PP Group :
|
. Polypropylene :
(PP) |
:
|
T —r— :
HEAT POWER |
|
|
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Starting a Project

Project Properties ﬂ / S e l eCT m CT r‘ i CS

Froject Name ChemCo Facility S e I eC T U n i TS

Created By |J|:uhn Do | e

Metrics Options

Praject Type |Business Unit Project

b aterial ketric Unit ||l -

IUnited States

[T Calculate Recycled Raw Material metric

Currency |$ j [mpLatsI
[T Calculate Toxic Faw Material metric

Froject Description

E nengy ketric Lnit Ikl:utu j

afaker ketric Lnit I qal j

(¢ Data input by type of uze [process, cooling or others)

" Data input by source [municipal, ground.marine, etc. )

Last Modified By Johh Doe Las [T | Calculate water uzage affecting endangered ecosystem metic
Solid Waste Metric Urit [Ib |
ak
] Spply | Canzel |
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m BRIDGESworksMetrics - [Startup Window]

File  Wigw Pru:ujeu:t Metrics  Users  Window  Help -5 X
-] 1] =
Project Explorer o X

=-{a} Home Directory
=i BBC Compary
#. 1st Quarker,2003
----- #. 2nd Quarter,2003
----- #. 3rd Quarter, 2003
Elr(,.‘ ChemiCo Facility
= f(;d PYC Group

PYC
| WCM
7 Chlorine
=3 r(,‘ F'S Eroup
o l'__ Palystyrene(Ps)
- l_r Skyrene
Elf(,‘ PP Group

..... [ olefin
=4k Stacked PYC
=48 Stacked YCM

[ PolyPropylene(PR)

Faw b aterials | - M & Product(z]
Methanal [67-56-1] ass ener PYC [9002-86-2)
Wiyl Chiloride (75-01-4] gy
caustic soda [B0%] f
gtearyl alcohol Z I O Ws
Ma Laurl Benz Sulfonate
Ma Carbonate
Ma Phosphate monoB
HCI 1005 =
hpdroquinone
bic acid LI
=senibis ast Solid ‘Wastes
Enerqy |
Steam [US Average) —_—] PYC IR—
Electricity [US Average]
M atural Gas [Morth Americal)
Towsics & Pollutants
CARBOMN DIORIDE
| WIMYL CHLORIDE
W ater - CARBOM DIOXIDEfrom energy g
Default Cooling water HYDROCHLORIC ACID [AEROSI
Default Process Water
Rates .
< o
Costs
" []
Fiaws b aterials
Iarme Categon Inik it Price Cluantity [per hir Ciozt
tethanol [67-56-1] Chemizal: and Plastics Ib $5.75E-002 713 $4.10E-0M
Wirwl Chloride [75-01-4] Chemizal: and Plastics [u] 0149 180695 $234332
caustic soda [B0%] Chemicals and Plazstics b $1.12E-001 159 $17.70
steary| alcohal Chemicals and Plaztics (3] $0.925 2707 $2504
Ma Launl Benz Sulfonate Chemicals and Plazstics b $2.008 2005 4025
Ma Carbohate Chernical: and Plastics [z] F0.04E E7D FNA7
Ma Phosphate monoB Chemicals and Plastics b F745E-0M 445 334
HCI 100= Chemizals and Plastics & $1.41E-001 334 $46.83
hwdroquinone Chemicals and Plastics b $2.35 267 $8.38
azcorbic acid Chemicalz and Plaztics (3] $4.99 7a $8.88

rxl

<«

_| Primary Energy
=7 SecondaryiManufactured
4 Electricity

4 Steam

41 Matural Gas Products
40 Coal Products

i-{ T Hydrogen

- |1 Wegetable Gils

[#-{_) Transport

Y WA akar

..,JJ Product(z) ;_Ej Raw Matenalz

W& Energy | A Water | Tl Solid wastes | 18 Towics & Pollutants

-3l Electricity (S Ave

40 Petraoleum Refining Pro

f* hlarine

- ah Olefin
Input/Output Diata Library o x
[#1-{2) Materials =
E|_| Energy

[#1+{_=h Energy from Wastes and E

ol

B 1inputjoutp... [ @ System Dat. |
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Reviewing Assumptions

Add/Edit Energy

=101 %]

Mame IEIE::lriu:it_l,l [US Average]
Energy Type IEIE::lriu:it_l,l
kb -

)\* [t
(/ Urit Price % I 0.036 fkwh

)&
(l Dezcription

Energy Generation/Tranz Efficiency

Electricity generation, U.5. average 2003

CO2 Converzion Factor

[Te23032258084 [

—Mix of Primanw aste Energy Sources

Coal I e x
Matural Gas I 161 %
Fenewables I 94 %

il

Muclear I 198 =

Waste

I n =

Accept

Canc

| Efficiency

_— Fuel mix
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Select Impact Assessments

Eglmpact Assessment Options i = | Ellil
Category Type b ethod | It | Factor | Selecte
T oty E cozyztem Towicity TRALCI b 240 equiy. *

CHL-FAETP Inf. [Huijbregts, 199952000] b 1.4-Dichlorobenzens equiv.
El-39 [H] PDF*ma=yr
EI-99 [E) PDF*ma=yr
El-99 (1] POF*m2*yr
Hurnan Taricity-Carzcinogenic TRALCI [u] CEHE equis *
El-39 [H] DALY
El-39 [E] Daly
EI-39 (1] DALY
Hurnan T axicity-Man-Carcinogenic ChL-Human Taoxicity Patential [HTPT Inf. |k 1.4-Dichlorobenzens equiv.
TRACI [u] C7HT equiv. *
Hurnan T axicitby-Criteria TRALCI DALY
Pollutant Atmospheric Acidification Potential TRACI mole  H+ equiv.
CHL-AP [Hauschild & Wenzel [1993) b S02 equiv.
[Global “wf arming Potential TRALCI [u] Coz *
IPCC 2001 [20-7'ear) [u] COZ2 equiy.
IPCC 200101 00-7ear) [a] CO2 equiv.
IPCC 2001[500-vear) [u] CO2 equiv.
E utrophication Potential TRALCI [x] M
EP [Heijungz et al. 1932] [x] P04 equiv.
Dzone Depletion Potential TRACI (o] CFC-11
WO 1992 1995 & 1999 [Steady State] b CFC-11 equiv.
Photochemizal Ozone(Smog) Creation Potential - TRACI [x] 0 equiv.
ChL-POCP [enkings et al. 1939] [x] Ethylens equiv.
General General Impact EPS [Steen,1939) el
l | Bl
Cloze |
Y
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Metrics - Successively Larger Scale

1

——> Chlorine < VCM
’ :
I 1
I 1
I 1

——> Olefin [ Styrene > P°|)2|S=tg;'ene I
’ :
I 1
I 1
I 1
I | Polypropylene | 1
’ e [T
| 1
| 1

1
: T —r— .
1

: HEAT |  POWER !
| 1

I 1

PVC Process

mBRIDEESWorksMEtrics - [Metrics Report] - |E'|5|
File  Users ‘indow  Help - B x
a4y M 80 aé -
MainFepart I
PVC
Metric Unit /b Productis) /$ Revenue VA
Material Ib 0.049 0.084 0.145
Energy kbtu 3.94 6.79 1.72
Water gal 0.619 107 184
Solid Waste Ih
Toxic & Pollutant Impact
--Ecosystem Toxicity--TRACI Ib 2,4-D equiv. 1.86E-011 3 21E-011 5.55E011
--Global Warming Potential-IPCC 2001{100-Y ear) Ib COZ equiv. 0.709 1.22 211
--General Impact--EPS (Steen,1999) elu 0.077 0132 0.228

=
4| | 3

Current Page Mo 1 Total Page ho.: 1 ‘Znnm Factor: 100%
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Metrics - Successively Larger Scale

I 1
I 1
I 1
I 1
I 1
——> Olefin [ Styrene > P°|!2|S=tg;'ene I

I 1_»
I

I

I

I

I

I

I

I

I

I

I

I

I

I

I

»| Polypropylene
> —>
(PP) i
1
1
1
:
HEAT |  POWER .
1
1

PVC “Group”

mBRIDEESWorksMEtrics - [Metrics Report] - |E'|5|
W File Users indow Help B x
Har N x28Edé a-da
MainFepart I
PVC Group
Metric Unit /b Productis) /$ Revenue VA
Material Ib 0.124 0.392 0.538
Energy kbtu 10.97 34.60 4752
Water gal 1.77 5.58 7.66
Solid Waste Ih
Toxic & Pollutant Impact
--Global Warming Potential--TRACI b COZ 197 B.22 0.54
--Ecosystem Toxicity--TRACI Ib 2 ,4-D equiv. 9. 11E-011 287E-010 3.95E-010
--Human Toxicity-Carcinogenic--TRAC! |b CEHE equiv 7.01E-005 2.21E-004 3.04E-004

=
4| | 3

Current Page Mo 1 Total Page ho.: 1 ‘Znnm Factor: 100%
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Metrics - Successively Larger Scale

|
I
Polystyrene

Facility

|
|
|
|
|
1 Polypropylene [l BRIDGESworksMetrics - [Metrics Report] _ @] x|
: (PP) u File Users ‘Window Help =8
I Ay VE xS E&Q-#
| MainReport I
|
|
|
1 ChemCo Facility
|
1 Metric Unit /lb Productis) /$§ Revenue VA
Material Ih 0.124 0.522 0.758
Energy kbtu 6.61 27.82 40.42
Water gal 1.69 713 1035
Solid Waste L]
Toxic & Pollutant Impact
--Global ¥arming Potential--TRACI b CO2 1.49 B.29 9.13
--Ecosystem Toxicity--TRACI Ib 2.4-D equiv. 1.05E-008 4 42E-008 B 42E-008
--Hurnan Toxicity-Mon-Carcinogenic-TRACI b CTHY equiv 2. 18E-003 9 1GE-003 0.013
--Hurnan Toxicity-Carcinogenic--TRAC! |b CEHE equiv 4 11E-005 1.73E-004 2 52E-004
4 |
Current Page Mo 1 |Tma\ Page Mo 1 ‘Zoom Factor: 100%
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[il] BRIDGESworksMetrics - [Metrics Chart] = =] x|

B File Users ‘Window Help _ B X
Cornpare with. .. Add/Remove Metrics
200 Malerial-Valug-Added
BN Energy-value-Added
s Water-Value-Added
=
O
o
LL
3
2 100
L
=
Q
b
o
=
50—
0

PVC Group PS Group PP Group Olefin

Powered by Dundas Chart
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“Stacking”

|m——————————— Boundary ----------------- I

. Downstream,
Upstream Product Use

Aggregating impacts attributable to 1 unit of output
(e.g. 1 1b of PVC) from within the boundary
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[il] BRIDGESworksMetrics - [Metrics Chart] = =] x|
B File Users ‘Window Help _ B X

Cornpare with. .. " alue Added --Global W arming Potential--IPCC 2001100-vear] > | Add/Hemove Metnics

/% Value-Added

10
G HG 913343 11’1 3657549
N attributable
E | 1o $1VA along
S PVC route
g
g 6279541 §4400452
O 6 |
=0
=
3
o =
of:
o
o DE-“ 4 |
£
o
=
g
[=]
o 2 S
0

Stacked PVC ChemCo Facility

Powered by Dundas Chart
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Linking Metrics to LCA
Maleic Anhydride Production

O Process A

B Process B

N > &F © & o >
{(}&& &é\’b é\go QO éo O Q}@@\ %&«"Z’ . 090 Q\O éo'\' %o-\-
s & V4
Q &
Manufacture Stage “Cradle-to-Gate”

Process A: via fixed-bed reactor;

Metrics expressed as % of “cradle-to-gate” : cu
Process B: via fluidized-bed reactor
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Linking Metrics to TCA
Maleic Anhydride Production

B SOx Emission

O NOx Emission

B GHG Emission

I Water

M Energy & Material

B Operations & Facility

Per ton Maleic Anhydride

$0

Process A Process B
Fixed Bed Fluid Bed
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Future Development

Normalization and weighting = single
“environmental impact” score

Object-oriented GUI for ease of use by
management

Integrating BRIDGESworks™ Metrics with
LCA and TCA software (StmaPro and TCAce)

Developing benchmarks for all SIC codes
Expansion of metrics to land use and social
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Thank
You!

For more info:

www.bridgestos.org
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