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Use this holistic technique to identify and 
quantify the potential impacts of a product 

or process throughout its life cycle.
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1. Introduction

Â Need for Life Cycle Assessment (LCA)

LCA: cradle-to-grave analysis for products, processes & activities.

¸ Human activities Ą environment

¸ Burden shifting: Problem A ĄSolution ĄProblem B 
(e.g., fluorescent bulbs, biofuels, reusable diapers)

Raw material 
acquisition

Manufacturing

Use

Disposal

Â Life cycle (LC)
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2. How to do LCA?

Â ISO 14040 framework

1. Define goal & scope

2.  Compile LC inventory: 
inputs + outputs

2/10

https://www.extension.harvard.edu/professional-development/blog/3-things-know-setting-goal

http://www.funnybits.mobi/2012/10/chicken-lifestyle.html

http://www.breitbart.com/big-government/2015/01/21/mit-climate-scientist-global-warming-believers-a-cult/

3. Evaluate impacts

4.  Interpret results

http://www.rawsoft.com/blog/implement-web-analytics-online-retail-site/
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2. How to do LCA: (1) define goal & scope

Â Aim
¸ Set study boundaries + guide data collection

Â Common goals: private sectors

Â Common goals: public sectors (lag behind)

Â Functional unit

¸ Identify environmental hot spots

¸ Identify opportunities for product improvement

¸ …

¸ Inform governmental policies and prioritization

¸ Introduce policies that support post-consumer recycling

¸ …

¸ Definition: the service that the system being studied provides

¸ Examples: 

V Physical unit-based: 1, 1000, 10 million bulbs

V Performance-based: “light needed to illuminate a 15-m2

room with 1000 lumen for 1 hour” (comparative analysis)
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2. How to do LCA: (2) compile a LC inventory

Â LC inventory
¸ The compilation of data about the various unit 

processes within the system under study.

Â Environmental load assignment 

5 kg CO2/kg
2.5 kg CO2/s

2*10-4 kg CO2/kJ

0.2kg CO2/s

2.9 kg CO2/s0.2 kg CO2/s

100 kJ/s

0.5 kg/s 0.3 kg/s

(2.9/0.3) kg CO2/kg

* Report all assumptions!
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2. How to do LCA: (2) compile a LC inventory

Â Complications
¸ Cut-off rules (reduce efforts to collect data)

V Example: “>95% of total mass input,

including all individuals with >1% of the total mass”

V Verification of cut-off assumptions: sensitivity analysis

¸ Credit for avoided burden

V Benefit of co-products

¸ Consequential LCA

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

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

¸ Inventory data availability & transparency

V Commercial software: black boxes

V Public software: Swiss-based & USDA platforms

¸ …
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https://www.alveo-slovakia.com/pict/cut-off.html

http://wheretoinsure.com/value-added-options/

https://www.shutterstock.com/video/clip-
6458207-stock-footage-domino-effect.html
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2. How to do LCA: (3) evaluate the LC impacts

1.   Select impact categories 2.   Emission data Ą impact indicator
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2. How to do LCA: (4) Interpret results

Â Decision making
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2. How to do LCA: (4) Interpret results

Â Considerations

¸ Assumptions

¸ Unavailable inventory data (e.g., nanotechnology)

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

¸ Normalization

¸ Weighting

Â Decision making

* WFc depends on the goal
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3. Future directions

Â LC sustainability assessment (LCSA)

¸ Fully transparent, open-source software platform

Â Software & databases

Â Regionalized databases

Â Variability & uncertainty

¸ LCSA = LCA + LCC (LC costing) + SLCA (Social LCA)
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3. Future directions

Â Variability & uncertainty – superstructure opt.

Feed
1.64 $/kg 

16%

Stage 1
5.83 $/kg

56%

Stage 3
0%

Stage 2
1.77 $/kg

17%

Stage 4
1.09$/kg

11%

$/kg

Bio Product Src,1 

Final Product Snk,1

MF,1Cnt,2 Ftt,2 Byp

Ddg Slb

Cnt4Cnt,3

Prc MF,4

Dry

Ftt,1Sdm Cnt,1

BmlAhy

Flc

Ely

Splt1

Splt2

Splt3

Splt4

Splt5 Splt6

Mxs1

Mxs2

Mxs3

Mxs4 Mxs5

Mxs6

MF,2 RO,1 MF,3 RO,2

Bio Product Src,1 

Final Product Snk,1

MF,1Cnt,2 Ftt,2 Byp

Ddg Slb

Cnt4Cnt,3

Prc MF,4

Dry

Ftt,1Sdm Cnt,1

BmlAhy

Flc

Ely

Splt1

Splt2

Splt3

Splt4

Splt5 Splt6

Mxs1

Mxs2

Mxs3

Mxs4 Mxs5

Mxs6

MF,2 RO,1 MF,3 RO,2

2nd best

Bio Product Src,1 

Final Product Snk,1

MF,1Cnt,2 Ftt,2 Byp

Ddg Slb

Cnt4Cnt,3

Prc MF,4

Dry

Ftt,1Sdm Cnt,1

BmlAhy

Flc

Ely

Splt1

Splt2

Splt3

Splt4

Splt5 Splt6

Mxs1

Mxs2

Mxs3

Mxs4 Mxs5

Mxs6

MF,2 RO,1 MF,3 RO,2

3rd best

Bio Product Src,1 

Final Product Snk,1

MF,1Cnt,2 Ftt,2 Byp

Ddg Slb

Cnt4Cnt,3

Prc MF,4

Dry

Ftt,1Sdm Cnt,1

BmlAhy

Flc

Ely

Splt1

Splt2

Splt3

Splt4

Splt5 Splt6

Mxs1

Mxs2

Mxs3

Mxs4 Mxs5

Mxs6

MF,2 RO,1 MF,3 RO,2

4th best

Stage 2
Product phase 

isolation

Stage 3
Concentration
& purification

Stage 1
Cell treatment

Stage 4
Refinement

Best

Bio Product Src,1 

Final Product Snk,1

MF,1Cnt,2 Ftt,2 Byp

Ddg Slb

RO,2Cnt4 MF,3RO,1Cnt,3 MF,2

Prc MF,4

Dry

Ftt,1Sdm Cnt,1

BmlAhy

Flc

Ely

Splt1

Splt2

Splt3

Splt4

Splt5 Splt6

Mxs1

Mxs2

Mxs3

Mxs4 Mxs5

Mxs6

Stage 1: cell harvesting technologies

70 72 74 76 78 80 82 84 86 88 90 92 9495

70

72

74

76

78

80

82

84

86

88

90

92

94
95

S
e
d
im

e
n
ta

tio
n

F
ilt

ra
tio

n

F
ilt

ra
ti
o

n
 r

e
te

n
ti
o

n
 f
a

c
to

r

Centrifuge efficiency

4.700

5.543

6.385

7.228

8.070

8.912

9.755

10.60

11.44

O
v
e

ra
ll 

p
ro

c
e

s
s
 c

o
s
t 

($
/k

g
)

C
e
n
tr
ifu

g
a
tio

n

*

$/kg

* W Wu, K Yenkie, C Maravelias, A superstructure-basedframework for bio-

separationnetworksynthesis, Computers& ChemicalEngineering,96 (2017)

* K Yenkie, W Wu, C Maravelias, Synthesisand analysisof separationnetworks

for the recovery of intracellular chemicalsgeneratedfrom microbial-based

conversions, Biotechnologyfor Biofuels,10 (2017)

* W Wu, C Henao, C Maravelias, A superstructurerepresentation,generation,and

modelingframeworkfor chemicalprocesssynthesis, AIChE Journal,62 (2016)

* K Yenkie, W Wu, R Clark, B Pfleger, T Root, C Maravelias, Roadmapfor the

selectionof separationtechnologiesin the recoveryof bio-basedchemicals,

BiotechnologyAdvances,34 (2016)
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4. Summary

Raw material 
acquisition

Manufacturing

Use
Disposal

Â Life cycle analysis (LCA)
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Â How to do LCA?

1.  Define goal & scope

2.  Compile LC inventory 

3.  Evaluate environmental impacts

4.  Interpret results for decision making

¸ Software & databases

¸ LC sustainability assessment

¸ Regionalized databases

¸ Variability & uncertainty

Â Future directions
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THANK YOU!
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