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Introduction

The Industry needs methods to Identify,
guantify and reduce the environmental effects
generated by its activity.
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A methodology to obtain the environmental
and economicall profile ofi a process plant IS
necessary.



General objective

Process analysis
methoedology.

v

Simulation, environmental and
economic criteria in the
decision-making step



Specific objectives

Conception and description ofi the
methodology.
validate the

Construction of a tool ) oo
methodology

Impact categories

Environmental database {
SUb-processes

Integration of econemic aspects
Incorporation of sensitivity: analysis
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Level Il: Inventory

> Sectional analysis

Energy Utilities
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Level llI: Impact Assessment

LCI results

Endpoint

Midpoint categories .
categories

Global warming

Non-renewable energy
Resources

Human toxicity
Respiratory effects Human health
lonizing radiaton
Ozone layer depletion
Photochemical oxidation Ecosystem
AqQquatic ecotoxicity quality
Terrestrial ecotoxicity
Acidification
Eutrophication Climate Change
Land occupation /

i

Mineral extraction




Level llI: Impact Assessment

> Methods:
« CML
o Eco-Indicator 99
o IMPACT 2002+

> Time hoerizon
> Mid & end-point categories
> Extraction or receiving environment:
. Air (26 — 96)
o Water (17 — 48)
. Soil (15 — 42)
o Natural resources / landscape (9 — 21)



Level llI: Impact Assessment

Endpoint

Midpoin ri i
dpoint categories categories

CML, IMPACT 2002+
Global Warming Potential Time horizon: 20, 100, net 100 min, net 100
max, 500
Damages to human health caused by climate ECOINDICATOR 99,
change IMPACT 2002+
Ozone layer depletion

Human health effects caused by ozone layer ECOINDICATOR 99,
depletion IMPACT 2002+

CML, IMPACT 2002+
Human toxicity Time horizon: inf., 20, 100, 500
Carcinogenic, non-carcinogenic

ECOINDICATOR 99,

Human toxicity IMPACT 2002+

CML, IMPACT 2002+
Time horizon: inf., 20, 100, 500
Aquatic, sedimental: freshwater and marine
Terrestrial

Ecotoxicity

ECOINDICATOR 99,

Ecotoxicity caused by ecotoxic emissions IMPACT 2002+

CML, IMPACT 2002+
very high NOx, high NOx, low Nox
Respiratory effects on humans caused by ECOINDICATOR 99,
organic substances IMPACT 2002+

Photochemical Oxidation




Level llI: Impact Assessment

Impact Impact Impact Impact
Category, Category, Category,.....Category,

Subprocess; Aiqq
Subprocess, Bios
Subprocess, Cia1
Subprocess; Dy,

Subprocess, Eis»
Subprocess, Fis

Subprocess, G
Subprocess, H
Subprocess, Y




Level IV: Economical Analysis

> Initial iInformation:

o Operating costs
o Employees, salary and working days
» Plant life period (10 years)

o Annual interest rate (10%)



Level IV: Economical Analysis

> Obtained information:

o Production cost
o Selling Program
o Equilibrium point

o Cash Elows



Level IV: Economical Analysis

> Economical indicators:

o Net Present Value (NPV, €)
o Payback Period (PP, years)

o Discounted Payback Period (DPP, years)
o Internal Rate of Return (IRR, %)
» Modified Internall Rate of Return (MIRR, %)




Level V: Sensitivity Analysis

> Compound and associated
Process stage with higher
contribution to each iImpact
category.
o Impact category — objective function
» Compound — variables



Case Study : Biodiesel

o Functional unit: 1 kg of Biodiesel

» [Opologies centered In the catalyst:

Alkali
Acid

j> * Glycerol production as avoided load



Case Study : Biodiesel
Alkali-catalyzed configuration P rOceSS

Reaction




Case Study : Biodiesel

Triolein

Methanol
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Biodiesel
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Case Study : Biodiesel
Impact Assessment

Method: CML CML CML CML CML CML CML CML
Human Human Human Human Freshwater | Freshwater | Freshwater | Freshwater
toxicity toxicity toxicity toxicity aquatic aquatic aquatic aquatic
alternatives: HTP inf. HTP 20 HTP 100 HTP 500 FAETP inf. FAETP 20 FAETP 100 FAETP 500
kg 1,4-DCB eq. kg 1,4-DCE eq. kg 1,4-0CB eq. kg 1,4-DCB eq. kg 1,4-0CB eq. kg 1,4-DCE eq. kg 1,4-0CB eq. kg 1,4-DCE eq.
{w) Phenol Methanal Prod 225B08  2Z25E080 225BE0E 2Z3E08 108BED4  108E-04  1.08E04  1.08E-D4
Glyceral Prod -854E09 -8A4E03  -BA54E03  BA4EDI A12E05 -412ED5 -412E05 -412ED5
H2504 Prod 0.a9E-12  #8YE1Z2 8E9E120 88YE1Z 4Z28E0R 429E08  429BE08 4 29E08
Cal_Prad 4ME0 403E100 40310 4.03E-10 1 94E-0F 1. 94E-06 1. 94E-Ok 1 94E-0F
{w) Phosphates Methanal Prod |- - - - - - - -
Cal Prad
{w) Phosphorus Methanal Prod
Glyceral Prod
a0 Prod : : : : : : : :
{w) Polycyclic Aromatic Hydroca Methanol_Prod 1. 32E02 1 30E-12 132602 1. 32E-02 1. 30E-03 1.30E-03 1.30E-03
Cal_Prad 1.78E-04  174ED4 17804 17BED4 175ED5 17BED5 1.75E-0A
iw) Selenium Methanal Prad g.09EDs VASEDY YeBED7 GusE0Y 422E08 419E06 419EDB
Cal Prad 1.10E-06 980E08 103606 121E06 S71E08  G67E08  S67EOS
{w) Sulphates Methanol Prod |- - - - - - - -
Glyceral Prod
a0 Prod : : : : : : : :
{w) Tetrachloroethylene Methanal_Prad 1.BEE-13 1 REE-13 1 RAE-13 1BRE13 2068E14  206E14 206E-14 Z205E-14
Cal Prad 1.45E-14  1.45E14 14514 145E14 177BE1S 0 1ATEAS 1FVE1E 1TVEA1S
{w) Toluene Methanal Prad 12AE07 1 28E07 1 AGe07 1ABEDY 120e07 120ED7 120B07 1Z20EDY
Cal Prod 220B09 Z2ZBE09  220BED9 Z2Z8E09 22PBEDS ZA2E09 2ED0Y 2Z22E09
{w) Trichloroethylene Methanal Prod B.10E-11 b A0E-11 B.10E-11 B.10E-11 177E-13 17TE13 177E15 177EA13
Cald Prod RTE1Z2 5EAZ BE1Z2 AXEAZ 143BE14 153E14 1A3E14 153E-14

impact categony:




kg CO, eq./kg Biodiesel
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Case Study : Biodiesel
Impact Assessment

Global Warming Potential (100 years)

Alkali-catalyzed Acid-catalyzed

Process configuration

m Methanol Prod = H2S04 Prod. = NaOH Prod. Deionized water

m CaO Prod. m Electricity Awoided load Total



Case Study : Biodiesel
Impact Assessment

Total Human Toxicity (inf.)
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Alkali-catalyzed Acid-catalyzed
Process configuration

m Methanol Prod = H2S04 Prod. = NaOH Prod. Deionized water

m CaO Prod. m Electricity Awoided load Total



Case Study : Biodiesel
Impact Assessment

CML Baseline Impact categories reduction
100

75
50
A

FAETP MAETP TETP POCP

-25

-50

Impact category

m Alkali-catalyzed Acid-catalyzed

Abiotic depletion Landuse increase GWP Global warming
Human toxicity Freshwater aquatic ecotoxicity MAETP Marine aquatic ecotoxicity

Terrestrial ecotoxicity Stratospheric ozone depletion POCP  Photo-oxidant formation
Acidification Eutrophication




Case Study : Biodiesel
Impact Assessment

Effect of allocation: Global Warming

Glycerol Production as avoided load

(040)

£ 0.10

" all1a

<00 — -_ . Glycerol Production as by product
cuN-O.OS

> 0.25
~.0.15

-0.20 2 0.20
Alkali-catalyzed Acid-catalyzed 2
Process configuration o

m 0.15
m Methanol Prod = H2SO4 Prod. = NaOH Prod. Deionized water 2

= CaO Prod. m Electricity Awoided load Total g 0.10
o)
(@)

o 0.05 I
0.00

Alkali-catalyzed Acid-catalyzed
Process configuration

m Methanol Prod = H2SO4 Prod. = NaOH Prod. Deionized water
m CaO Prod. m Electricity Total



Case Study : Biodiesel

Economicall Analysis

Alkali catalyzed

Acid catalyzed

NPV 0usand 6 14430.69 18175.74
IRR 5, 11.94 12.62
MIRR o, 9.51 10.73
PP ears) 6.36 5.67
DPP 8.33 7.21

(years)




Case Study : Biodiesel
Comparison

Process configuration
Impact category Alkaly Acid
catalyzed catalyzed

Depletion of abiotic resources
Land use

Climate change

Stratospheric ozone depletion
Human toxicity

Ecotoxicity

P hoto-oxidant formation
Acidification

Eutrophication
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Average

Economical Indicator




Case Study : Biodiesel
Sensitivity Analysis

Total Human Toxicity (inf.) associated to the acid-catalyzed configuration

Compound
(@) Nickel (Methanol Prod.) 33.8%

(@) Arsenic (Methanol Prod.) 23.1% T

(@) Vanadium (Methanol Prod.) 14.2%

(w) Polycyclic Aromatic Hydrocarbons (Methanol Prod.) 8.2% i
(a) Hydrogen Fluoride (Methanol Prod.) 7.3% i
(a) Dioxins (unspecified)(Glycerol Prod.) 2.6% i
(a) Benzene (Methanol Prod.) 1.7% i
(@) Cadmium (Methanol Prod.) 1.5% i
(w) Barium(Methanol Prod.) 1.0% i
(@) Selenium(Methanol Prod.) 0.4% i
(w) Copper (Methanol Prod.) 0.2% i
(a) Berylium(Methanol Prod.) 0.2% i
(a) antimony(Electricity) 0.2% i
(s) Cobalt(Electricity) 0.2%
(w) Toluene (CaO Prod.) 0.2% i
(@) Phenol (Methanol Prod.) 0.2% i
(a) Lead (Electricity) 0.2% i
() Cobalt (Electricity) 0.1% |

70 80 90 100




Case Study : Biodiesel

> The tool Is generalized to any Industrial
DIOCESS

> Personalized graphical presentation
> Database automatic search




Conclusions

> Information obtained using the developed
methodology and tool:
o Process Flow Diagram

o Configurations evaluation
Sectional analysis

o Environmental profile
o ECconomic profile — € viability

ﬂﬂj> Any industrial process




Conclusions

> The methodology helps decision-
making to select the best option

> IThe tool Is:
o aUtomatic — minimal intervention
o £aSy to use

» adaptable to the user necessities
o Modifiable > updates
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