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1. Introduction

A Need for Life Cycle Assessment (LCA)
Human activitiesA environment

Burden shifting: Problem AA SolutionA Problem B
(e.qg., fluorescent bulbs, biofuels, reusable diapers)

LCA: cradle-to-grave analysis for products, processes & activities.
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m 2. How to do LCA?
A 1SO 14040 framework

1. Definegoal & scope 3. Evaluateimpacts

2. CompileL.C inventory: 4. Interpret results
inputs + outputs
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2. How to do LCA: (1) define goal & scope

A Aim

Setstudy boundaries + guide data collection
A Common goals: private sectors

|dentify environmental hot spots

|dentify opportunities for product improvement

A Common goals: public sectors (lag behind)
Inform governmental policies and prioritization

Introduce policies that support postconsumer recycling

A Functional unit
Definition: the service that the system being studied provides

Examples:
@ v Physical unit-based: 1, 1000, 10 million bulbs
" vV Performance-based: “ |1 i ght needet?t o i
~ = room with 1000 | umen for 1 ho
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2. How to do LCA: (2) compile a LC inventory

Chicken Lifestyle

A LC inventory N
The compilation of data about the various unit Q’
processes within the system under study. L

Out Put 1
Limestone Clay
Mining Extraction

Grinding
Aggregates| |Admixtures
: Y
C}gllgir?:t(cj)r Gypsum Or\}g?gr?a?;v Water Recycling
A \ 4 ¥ ¥ 'l' \ 4
Clinker »| Grinding »| Cement »| Concrete > Use »| Demolition » Landfill
A Environmental load assighment
* Report all assumptions! CO: | 0.2k CO,/s
emissions 2
2.5 kg CO, /s
5 kg CQ/kg 8 €0/ & (2.9/0.3) kg CO,/kg
Mass Flow 0.5 kg/s Product 0.3 kg/s
Process >
2%104kg CQ/kJ _0-2 kg CO,/s - 2.9 kg CO,/s
Energy Flow 100 kJ/s
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2. How to do LCA: (2) compile a LC inventory

Chicken Lifestyle

A Complications

Cut-off rules (reduce efforts to collect data) &
O v Example: “ >95% of total np
_ﬁ Il ncluding all Il ndi vidual s wit

v Verification of cut-off assumptions: sensitivity analysis

Y Credit for avoided burden
& ' v Benefit of coproducts

Consequential LCA

.V Definition: a LCA with expanded study boundaries that
Ai i i encompass the likely consequences of a decision

v Example: corn ethanol GHG emissions: 20% lower vs. 47%
higher (additional corn demandA land-use changes)

Inventory data availability & transparency

v Commercial software: black boxes

v Public software: Swissbased & USDA platforms
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2. How to do LCA: (3) evaluate the LC impacts

B

1. Selectimpact categories 2. Emission data A impact indicator
Species Quantity, kg GWP, kg CO2e/kg
Area of
Midpoint Protection CO, LS !
CH, 10 25
. SO, 1 -
Climate Change
Ozone Depletion > Human Table 3. Example classification and characterization steps
Health for global warming potential (GWP), human health toxicity
Human Toxicity potential (HTP), and ecological toxicity potential (ETP)
Respiratory Organics of airborne emissions.
/ | Rad Characterization Factor
onizing Radiation
g GWP, HTP, ETP,
LCl Results |—— Noise CO2e 1,4-DCBe* | 1,4-DCBe*
Accidents Carbon Dioxide 1
Photochemical Ozone — Natural CEDEET BT 2 1.53
Formation Environment Methane 25
Acidification Nitrous Oxide 298
Eutrophication Carbon Tetrachloride 1,400 220 0.000143
. Sulfur Hexafluoride 22,800
Ecotoxicity
Benzene 1,900 6.35E-5
Land Use Toluene 0.327 5.04E-5
Resource Depletion » Natural Eflare 043 0.382
o o Resources
Dessication Salination Impact Indicator for ¥ GWP T HTP Y ETP
Impact Category
*HTP and ETP are expressed in units of kg 1,4-dichlorobenzene equiva-
lent (1,4-DCBe)
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A Decision making

Table 3. Example classification and characterization steps
for global warming potential (GWP), human health toxicity

potential (HTP), and ecological toxicity potential (ETP)
of airborne emissions.

Characterization Factor

GWP, HTP, ETP,

CO2e 1,4-DCBe* | 1,4-DCBe*
Carbon Dioxide 1
Carbon Monoxide 1.53
Methane 25
Nitrous Oxide 2098
Carbon Tetrachloride 1,400 220 0.000143
Sulfur Hexafluoride 22,800
Benzene 1,900 6.35E-5
Toluene 0.327 5.04E-5
Xylene 0.43 0.382
Impact Indicator for X GWP X HTP XETP
Impact Category
* HTP and ETP are expressed in units of kg 1,4-dichlorobenzene equiva-
lent (1,4-DCBe)

7/10


http://www.wisc.edu/

A Decision making

A Considerations

Assumptions

Unavailable inventory data (e.g., nanotechnology)

No clear winner, but better understanding (pros & cons)
Normalization

N,=S/4.
Weighting
W=X(WF_xI)

* WF_.depends on the goal
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3. Future directions

A Software & databases

Fully transparent, opensource software platform

A Regionalized databases

A LC sustainability assessment (LCSA)

LCSA = LCA + LCC (LC costing) + SLCA (Social LCA)

A Variability & uncertainty
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3. Future directions

A Variability & uncertainty - superstructure opt.

Bio Product Src, Stage 1: cell harvesting technologies

95
g et 93 $/kg
114
92
o 10.6
90 :
Stage 1 Y stage 4 g
Cell treatment =z 2 88 9.75
$ / kg c 86
. 9 8.91
T 84
) 8.07
.
— 80 & 7.22
g 78 '’ |
Stage 2 b= 6.38
= 7
Product phase = 70
) ] L 74 5.54
isolation
72 4.70
70 T 1 T T
70 72 74 76 78 80 82 84 86 88 90 92 945
Stage 3 Centrifuge efficiency
Concentration * W Wu, K Yenkie C Maravelias A superstructurebasedframework for bio-
. . separatiometworksynthesisComputers& ChemicalEngineering96 (2017
& pu”ﬁcatlon * K Yenkie W Wu, C Maravelias Synthesisand analysisof separationnetworks
for the recovery of intracellular chemicalsgeneratedfrom microbialbased
Stage 4 conversionsBiotechnologyfor Biofuels,10(2017)
Refi ¢ * W Wu, C Henaq C Maravelias A superstructurgepresentationgeneration,and
eﬁnemen modelingframeworkfor chemicalprocesssynthesisAIChE Journal 62 (2016

FinalProduct Snk, * K Yenkig W Wu, R Clark, B Pfleger T Root, C Maravelias Roadmagpfor the
selectionof separationtechnologiesin the recovery of bio-basedchemicals

BiotechnologyAdvances34 (2016
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4. Summary

Dlsposal6 <, @"/@
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. Interpret results for decision making =

Life cycle analysis (LCA) A Future directions

Raw material
Software &databases

acquisition .
g Manufacturing ., LC sustainabilityassessment

/ gff ,  Regionalizeddatabases
Variability & uncertainty

0]

g
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5 86 8.91
= 84
HOW tO dO LCA? % 82 8.07
= 80 7.22
. Definegoal & scope JU% S 7
“B0% % SCOP g
CompileLC inventory & ¥ T 74
) . 72
. Evaluate environmentaimpacts 7

70 72 74 76 78 80 82 84 86 88 90 92 945
Centrifuge efficiency
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THANK YOU!


http://www.wisc.edu/

