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MIT Materials Systems Laboratory

• Organizational Structure

– MIT School of Engineering

• MIT Department of Materials Science & Engineering

• Engineering Systems Division

– Part of several larger MIT Research Centers

• Materials Processing Center

• Center For Technology, Policy & Industrial Development

• MIT Energy Initiative

• Joint work with numerous corporate, government, academic,
and industrial consortia

• 2 professors, 3 researchers, 2 postdocs, 15 graduate students

Focus: strategic properties of materials and process technologies
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MSL Scope of Work: Topics & Domains

Influence of Materials ChoiceInfluence of Materials Choice

Structural
Applications

Photonic
Applications

Product
End-of-Life

Materials
Production
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The Role of Uncertainty: Background

• Overarching research question:
– How robust is the LCA method for materials selection?

• Early in the design cycle

– What characteristics of a case / problem weaken the
robustness of the method?

• Focal issues
– Scope – Closed-loop Allocation

– Inventory

• Uncertainty is a real, significant, and unavoidable aspect of
the life-cycle inventory

• Specific question:
What role does inventory uncertainty play in effective life-
cycle assessment (footprinting)?
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The Opportunity to
Leverage Uncertainty Information

•Effectively characterizing inventory uncertainty should

– Improve efficiency of analysis

– Identify targets for improvement

•Efficiency

– Often, most of the impact for a product is tied to a few
decisions

– Without any understanding of uncertainty, it is
challenging to know how few

•Targets

– Depending on source of uncertainty, it may be possible to
know whether supply-chain or design change is effective
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Issue 1:
Significant Variation Exists in the
Environmental Performance of Real-world
Processes
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Significant Variation Exists in the Real-world:
Examples from a Global Survey of Al Production

Solid Waste

PAH Emissions
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Significant Variation Exists in the Real-world:
Examples from a Global Survey of Al Production
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Issue 2:
Conventional Life-cycle Assessment
Requires Significant Resources
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Resource Requirement of LCA:
An Example from a 3 Component Marker

0.3 kg

Improvement of

textiles (washing,

painting, printing)

14.4

0.322 kg
Natural gas I

9.85

0.3 kg
PET I

20.5

2.02 tkm
Air traffic

(intercontinental)

32.8

5.06 tkm
Container ship I

8.18

0.173 kg

Crude oil I

7.86

0.171 kg

Heavy fuel oil I

8.05

0.3 kg

Polyester fabric

67.5

0.713 kg

Aviation gasoline I

32.8

0.247 kg

Coal Combustion

in Electric Utility

Boilers (1000 lb)

6.66

3.6 MJ
Generation and

Delivery of 1

Composite kWh,

12.4

0.261 kg
Coal

Precombustion

(1000 lb)

7.03

3.83 MJ

electricity, high
voltage, production

UCTE, at

12

3.77 MJ
electricity, medium

voltage, production

UCTE, at

12

3.87 MJ

electricity,

production mix
UCTE/kWh/UCTE

12

0.121 MJ

electricity

mix/kWh/CH

0.306

0.12 MJ

electricity, high
voltage, at

grid/kWh/CH

0.307

0.115 MJ
electricity, medium

voltage, at

grid/kWh/CH

0.301

0.7 kg

polypropylene,

granulate, at

plant/kg/RER

53.3

0.7 kg

injection

moulding/kg/RER

20.5

0.000459 my

operation,

maintenance,

road/my/CH/I

0.22

0.665 tkm
transport, lorry

16t/tkm/RER

4.08

1 p
Marker Body

52.8

1 p
Marker Cap

21.1

1 p
Marker Felt

82.1

1 p
Marker (whole)

171

0.3 kg

Improvement of

texti les (washing,

painting, printing)

14.4

0.322 kg

Natural gas I

9.85

0.3 kg

PET I

20.5

2.02 tkm

Air traf f ic

(intercontinental)

32.8

0.0687 MJ
Electricity Europe

(oil) UCTPE ETH

0.236

5.06 tkm

Container ship I

8.18

0.87 MJ
Electricity Europe

(natural gas)

UCTPE ETH

2.36

0.173 kg

Crude oil I

7.86

0.557 MJ
Electricity Europe

from coal UCTPE

ETH

1.83

0.171 kg
Heavy fuel oi l I

8.05

0.3 kg

Polyester fabric

67.5

1.58 MJ

copy Electricity

Holland t PRe4

database

4.7

0.713 kg
Aviation gasoline I

32.8

3.04 tkm

Trailer I

3.14

0.0751 MJ
Electricity Europe

(nuclear) UCTPE

ETH

0.272

0.071 kg
Diesel I

3.27

0.381 MJ

Electricity

hydropower FAL,

added 2000

0.381

0.247 kg

Coal Combustion in

Electric Uti lity

Boilers (1000 lb)

6.66

0.0137 kg

Combustion of

Coal in Industrial

Boilers (1000 lb)

0.37

3.6 MJ

Generation and
Delivery of 1

Composite kWh,

12.4

0.0232 m3

Natural Gas

Combustion in

Industrial Boilers

1.03

1.03E-6 kg

Uranium

Consumption by

Electric Uti lit ies

2.48

0.0241 m3

Natural Gas

Combustion in

Electric Uti lity

1.07

0.261 kg

Coal Precombustion

(1000 lb)

7.03

0.0472 m3

Natural Gas

Precombustion

(1000 cu ft)

2.09

5.31E-6 m3

RFO Combustion in

Electric Util ity

Boilers (1000 gal)

0.243

5.31E-6 m3

Residual Fuel O il

Precombustion

(1000 gal)

0.243

0.00788 kg

benzene, at

plant/kg/RER

0.543

0.00912 kg

chemicals organic,

at plant/kg/GLO

0.604

0.00481 kg

cumene, at

plant/kg/RER

0.385

-0.0158 kg

ethylene glycol, at

plant/kg/RER

-0.82

-0.011 kg

ethylene oxide, at

plant/kg/RER

-0.705

0.00281 kg

lubricating oil, at

plant/kg/RER

0.224

0.00203 kg
phenol, at

plant/kg/RER

0.242

0.0313 kg

solvents, organic,

unspecif ied, at

plant/kg/GLO

2.06

-0.0291 kg

xylene, at

plant/kg/RER

-1.98

3.83 MJ
electricity, high

voltage, production

UCTE, at

12

3.77 MJ

electricity, medium

voltage, production

UCTE, at

12

0.157 MJ

electricity,

production mix

BE/kWh/BE

0.506

0.132 MJ

electricity,

production mix

CH/kWh/CH

0.288

1.06 MJ

electricity,

production mix

DE/kWh/DE

3.48

0.387 MJ

electricity,

production mix

ES/kWh/ES

1.16

1.05 MJ

electricity,

production mix

FR/kWh/FR

3.52

0.0998 MJ

electricity,

production mix

GR/kWh/GR

0.462

0.523 MJ

electricity,

production mix

IT/kWh/IT

1.46

0.166 MJ

electricity,

production mix

NL/kWh/NL

0.505

0.0821 MJ

electricity,

production mix

PT/kWh/PT

0.232

3.87 MJ

electricity,

production mix

UCTE/kWh/UCTE

12

0.0677 MJ

electricity,

production mix

CS/kWh/CS

0.224

0.121 MJ

electricity

mix/kWh/CH

0.306

0.12 MJ
electricity, high

voltage, at

grid/kWh/CH

0.307

0.115 MJ

electricity, medium

voltage, at

grid/kWh/CH

0.301

0.0269 kg

hard coal, at

regional

storage/kg/WEU

0.837

0.101 MJ

electricity, hard

coal, at power
plant/kWh/ES

0.35

0.268 MJ

electricity, hard

coal, at power
plant/kWh/DE

0.95

0.282 MJ

hard coal, burned

in power

plant/MJ/ES

0.35

0.743 MJ

hard coal, burned

in power

plant/MJ/DE

0.95

0.031 kg

hard coal supply
mix/kg/DE

0.943

0.0119 kg

hard coal supply
mix/kg/ES

0.347

0.00856 kg

hard coal, at

mine/kg/EEU

0.234

0.0127 kg

hard coal, at

mine/kg/ZA

0.324

0.0269 kg

hard coal, at

mine/kg/WEU

0.833

0.00856 kg

hard coal, at

regional

storage/kg/EEU

0.238

0.0127 kg

hard coal, at

regional

storage/kg/ZA

0.331

0.351 MJ
electricity,

hydropower, at

run-of-river power

0.431

0.064 MJ

electricity, l ignite,

at power
plant/kWh/GR

0.358

0.276 MJ

electricity, lignite,

at power
plant/kWh/DE

0.979

0.835 MJ

lignite, burned in

power plant/MJ/DE

0.979

0.181 MJ

lignite, burned in

power plant/MJ/GR

0.358

0.173 kg

lignite, at
mine/kg/RER

1.76

0.000139 kg

lead, at regional

storage/kg/RER

0.00285

3.09 MJ

natural gas, high

pressure, at

consumer/MJ/RER

3.64

0.217 MJ

natural gas, high
pressure, at

consumer/MJ/DE

0.269

0.512 MJ

natural gas, high
pressure, at

consumer/MJ/IT

0.594

0.263 MJ

natural gas, high
pressure, at

consumer/MJ/NL

0.3

2.92 MJ

heat, natural gas,

at industrial

furnace

3.67

2.93 MJ
natural gas, burned

in industrial

furnace

3.5

0.192 MJ

electricity, natural

gas, at power
plant/kWh/IT

0.594

0.096 MJ

electricity, natural

gas, at power
plant/kWh/NL

0.3

0.0951 MJ

electricity, natural

gas, at power
plant/kWh/DE

0.269

0.204 MJ

natural gas, burned
in gas turbine, for

compressor

0.224

0.0848 m3

natural gas, at

long-distance

pipeline/m3/RER

3.64

0.0203 m3

natural gas, at

production

offshore/m3/NO

0.797

0.00897 m3

natural gas, at

production

offshore/m3/NL

0.35

0.0238 m3

natural gas, at

production

onshore/m3/DZ

0.938

0.0091 m3

natural gas, at

production

onshore/m3/DE

0.359

0.0422 m3

natural gas, at

production

onshore/m3/RU

1.68

0.0215 m3

natural gas, at

production

onshore/m3/NL

0.833

0.00862 m3

natural gas,
liquefied, at freight

ship/m3/DZ

0.404

0.00862 m3

natural gas,

liquef ied, at

l iquefaction

0.395

0.0085 m3

natural gas,

production DE, at
long-distance

0.345

0.00862 m3

natural gas,

production DZ, at

evaporation

0.41

0.0205 m3

natural gas,

production DZ, at
long-distance

0.904

0.0301 m3

natural gas,

production NL, at
long-distance

1.18

0.0192 m3

natural gas,

production NO, at
long-distance

0.777

0.036 m3

natural gas,

production RU, at
long-distance

1.69

0.173 tkm

transport, natural

gas, pipeline, long

distance/tkm/RU

0.252

0.0789 MJ

electricity, nuclear,

at power
plant/kWh/CH

0.284

0.326 MJ

electricity, nuclear,

at power
plant/kWh/DE

1.05

0.23 MJ

electricity, nuclear,

at power
plant/kWh/UCTE

0.809

0.857 MJ

electricity, nuclear,

at power plant
pressure water

3.09

0.00642 kg

bitumen, at

refinery/kg/CH

0.343

0.0691 kg
diesel, at

refinery/kg/RER

3.69

0.00462 kg

diesel, at regional

storage/kg/CH

0.253

0.0663 kg

diesel, at regional

storage/kg/RER

3.56

0.022 kg

heavy fuel oil , at

refinery/kg/RER

1.13

0.021 kg

heavy fuel oil , at
regional

storage/kg/RER

1.1

0.166 MJ

electricity, oil , at

power
plant/kWh/IT

0.563

0.00652 kg

crude oil, at

production/kg/NG

0.347

0.0216 kg

crude oil, at

production

offshore/kg/NO

1.01

0.0173 kg

crude oil, at

production

offshore/kg/GB

0.829

0.0265 kg

crude oil, at

production

onshore/kg/RME

1.25

0.0177 kg

crude oil, at

production

onshore/kg/RU

0.964

0.0152 kg

crude oil, at

production

onshore/kg/RAF

0.76

0.0173 kg

crude oil,

production GB, at

long distance

0.831

0.00327 kg

crude oil,

production NG, at

long distance

0.177

0.0216 kg

crude oil,

production NO, at

long distance

1.01

0.0104 kg

crude oil,

production RAF, at

long distance

0.525

0.0243 kg

crude oil,

production RME, at

long distance

1.18

0.0177 kg

crude oil,

production RU, at

long distance

0.991

-0.00765 kg

ethylene, average,

at plant/kg/RER

-0.504

0.00528 kg

propylene, at

plant/kg/RER

0.354

-0.0426 kg
polyethylene

terephthalate,

granulate,

-3.4

-0.0546 kg

polyethylene

terephthalate,

granulate, bottle

-4.58

0.7 kg

polypropylene,

granulate, at

plant/kg/RER

53.3

-0.0479 kg

purif ied

terephthalic acid,

at plant/kg/RER

-2.86

0.7 kg

injection

moulding/kg/RER

20.5

4.25E-7 p

maintenance, lorry

16t/p/CH/I

0.135

395 m

operation, lorry

16t/km/RER

3.18

0.00138 my

road/my/CH/I

0.417

0.665 tkm

transport, lorry
16t/tkm/RER

4.08

-0.0724 kg

steam, for

chemical

processes, at

-0.287

0.01 tkm

transport,
municipal waste

collection, lorry

0.194

1.2E-5 m3
particle board,

outdoor use, at

plant/m3/RER

0.286

6.15E-5 m3

round wood,

softwood,

debarked, u=70%

0.581

6.08E-5 m3

round wood,

softwood, under
bark, u=70% at

0.628

3.43E-5 m3
sawn timber,

softwood, raw, air

dried, u=20%, at

0.353

3.65E-5 m3

sawn timber,

softwood, raw,

forest-debarked,

0.372

-2.65E-5 m3

softwood,

allocation

correction,

-0.244

8.14E-5 m3

softwood, standing,

under bark, in

forest/m3/RER

0.822

0.00102 p

EUR-f lat

pal let/p/RER

0.644

0.433 MJ

heavy fuel oil,

burned in power

plant/MJ/IT

0.563

0.00479 kg
crude oil,

production RAF, at

long distance

0.243

0.217 MJ

natural gas, burned

in power

plant/MJ/DE

0.269

0.512 MJ

natural gas, burned

in power

plant/MJ/IT

0.594

0.263 MJ

natural gas, burned

in power

plant/MJ/NL

0.3

0.231 MJ

electricity, nuclear,

at power plant

pressure water

0.728

0.207 MJ

electricity, nuclear,

at power plant

pressure water

0.727

0.0945 MJ

electricity, nuclear,

at power plant

boiling water

0.327

2E-7 kg

U enriched 4.0%, in

fuel element for

LWR, at nuclear

1.05

6.32E-7 kg

U enriched 3.8%, in
fuel element for

LWR, at nuclear

3.08

1.41E-7 kg

U enriched 3.9%,

in fuel element for

LWR, at nuclear

0.724

1.63E-7 kg

fuel elements PWR,
UO2 4.0% & MOX,

at nuclear fuel

0.725

7.02E-7 kg

fuel elements PWR,

UO2 3.8% & MOX,

at nuclear fuel

3.08

1.62E-7 kg

fuel elements
PWR, UO2 3.9% &

MOX, at nuclear

0.724

6.9E-8 kg

fuel elements
BWR, UO2 4.0% &

MOX, at nuclear

0.326

3.43E-6 kg

uranium, enriched

3.8%, at EURODIF

enrichment

3.14

4.73E-7 kg

uranium, enriched
3.9%, at EURODIF

enrichment

0.447

7.49E-7 kg

uranium, enriched
4.0%, at URENCO

enrichment

0.674

1.15E-6 kg

uranium, enriched

4.0% for pressure

water

1.05

3.35E-6 kg

uranium, enriched

3.8% for pressure

water

3.08

7.76E-7 kg

uranium, enriched

3.9% for pressure

water

0.724

8.36E-6 kg

uranium natural, in
uranium

hexafluoride, at

5.18

8.36E-6 kg

uranium natural, in

yellowcake, at mill

1 kg

Household waste
US 2001

-4.03

0.745 kg

Landf il l of waste

0.269

0.943 kg

Municipal waste US

2001

0.313

0.0546 kg

Recycling PET

-4.2

1 p

Marker Body

52.8

1 p

Marker Cap

21.1

1 p

Marker Felt

82.1

1 p

Marker (whole)

171

1 p

Marker LC

168

1 p

Marker End of Life

-3.84

Eco-Invent database associates
> 1600 activities with this simple product
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Issue 3:
Inventory Often Dominated by a Few
Activities
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Effects Often Isolated for a Given Product:
Recent Study of a Consumer Product
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Even within Raw Materials,
Impact is Focused

Common Focal Impact

Raw Materials

Use

Logistics
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Full LCA Required Specifications and Results
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Simplified Quantitative LCA with Uncertainty Required Specifications and Results
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OverlookedRedesign Supply
Chain

Extraction Transport Use
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Implementing a
Simplified Quantitative Analysis

•Effectively characterizing inventory uncertainty
should

– Improve efficiency of analysis

– Identify targets for improvement

• Differentiate targets

•Data collection
– Begin to estimate supply-chain inventory uncertainty

through selected data collection

•Case study
– Examine analytical value

• Resource savings
• Fidelity with complete analysis
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Resources In Emissions Out

Estimation Error = irreducible spread on measured flows from a single activity

Variation = reducible spread on measured flows from multiple activities

Resources In Emissions Out

Uncertainty = convolved estimation error and variation

Terminology


