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ACS Green Chemistry Institute

W Pharmaceutical Roundtable

NOTICE

¢tKS ! YSNAOIY [/ KSYAOFf {20ASi& DNBSY / KSYAAGNER LyaidaAil:
this Streamlined PMLCA Tool to inform and guide users towards greener and more sustainathetsynbutes. The
Roundtable has used reasonable efforts in collecting, preparing and providing quality information and calculations, but
does not warrant or guarantee the accuracy, completeness, adequacy or currency of the information or calculations
contained in the Streamlined PMUCA Tool. The Tool is meant to be a useful-tagél calculator, but it is not

conclusive; the PMLCA tool should be critically accessed by experts of any institute using it. By downloading, viewing
and utilizing informatiorfrom the Streamlined PMLCA Tool visitors assume full responsibility for their own actions and
any damages or liabilities that may result from the utilization of information obtained from the Tool. Should you have
any questions or comments about the RMBA Tool or this disclaimer, please send amag to gcipr@acs.org.

The ACS GCI Pharceutical Roundtablase ofecoinvent data in thisaol does notconstitute anendorsanent of
ecoinvent.

Ecoinventoffers comprehensive, ufp-date and transparent Life Cycle Inventory databases. For more than a decade
ecoinvent has enabled companies to manufacture their products more in harmony with the mmeind, policymakers
to implement new policies, and consumers to adopt a more environmentally friendly behavior.

http://www.ecoinvent.org/
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Introduction

Disclaimer
The PMILCA Tool is provided-&swithoutanywarranty or guarante of completeness, correctness, or accuracy.

Purpose

PMILCA Tool

The PMILCA Todk a higHevel estimator oProcess Mass Intensity (PMBd environmental life cycle information that
can be customized to fit a wide variety of linear and convergent processsgrftresis omall moleculective
pharmaceutical ingredients\P13. Anecoinvent datasets utilized as the souraaf the life cyclempactassessment

(LGA) data.By agreement with ecoinvent, no licensing fee is required for the use of th&_EMITool if the display is
limited to sixlife cycle assessment (LCA) indicators. The indicators displayddas® NetEnergy Global Warming
Potential (GWRAcidificatbn, Eutrophication andWater. Collectively PMandthe sixLCAindicators will be referred to
asMetrics. Definitions foreach of the metrics are belavBydefault, the PMILCA Tool will normalize steps to produce
1kg of AP&nd display the contributionsf steps and raw materials to each of the metrics in both tabular and graphical
formats.

Metrics

The metrics described below are either directly calculated fioenprocessing stepsntered into the PMLCA Todby

the user(e.g., PMI and COG) or calculalsdisingthat process information to produce a weighted suntlug LCIA
valuesfrom ecoinvent €.g., Mass Net, Energy, GWP, Acidification, Eutrophication, and \WHermetrics do not

capture or desche utilities, waste products, or emissions from the process or from treatment of process waste streams.

Process Mass Intensity (PMI)
The totalmass(in kg)of raw materialgequired to produce one kg of the API.

Mass Net

The total mass (in kg) of resources required for production of the raw materials needed to make one kg of the API. Thic
excludes the mass of water consumed, whicteisulatedsepaately in theWater metric. This is a weighted sum of the

LCIA data for each raw material.

Energy

The total energy (in MJ) required to produce the raw materials ne¢d@dake one kg of the APThis is a weighted sum
of the LCIA data for each raw material and does not include energy expended in the processiegtstegkinthe PM}
LCA Tool.

Global Warming Potential (GWP)

The total carbon emissions (in kg &Quivdents) associated with the production of the raw materials needed to make
one kg of the API. This is a weighted sum of the LCIA data for each raw naateériles not include any emissions from
the processing steps entered in the RMIAToo0.

Acidificaton

A measure of the propensity for raw material production to release protons into the environment (inkg SO

equivalents. This is a weighted sum of the LCIA data for each raw material and does not include any emissions from th
processing stepsntered in the PMLCA Tool.
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Eutrophication

A measure of the propensity for raw material production to release nutrigmtsates, phosphateshto the

environment {n kg phosphate equivalentsfutrophication can cause hypoxia, algal blooms, and othgatiee

environmental shiftsThis is a weighted sum of the LCIA data for each raw material and does not include any emissions

from the processing steps entered in the PMIA Tool.

Water
The total mass (in kg) of water required for production of the raatarmals needed to make one kg of the API. This is a

weighted sum of the LCIA data for each raw material.
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Tutorials

Follow these tutorials in the sequence they are presented to use thellEMITool without knowing how it works. The
tutorials assume basic familiarity with Microsoft Excel, although some procedures are reviewed as necessary.

Tutorial 00: Familiarizatiomd Navigation
Topics Covered

1 General toobverview andhavigation
1 Enabling iterative calculations

1 Use of incell dropdown menus

1 Common Excel warnings

Instructions
1) Make a copy of the PMICA Tool templatand save it to a local directory on your compufieg., not OneDrive or
other Cloud server or networked drive)

2) Open the file.

If the following alert messagappearsOf A O1 WhYQ (2 RA&AYA&A GKS y20AFAOIG

Microsoft Excel X

Microsoft Excel cannot calculate a formula, There is a circular reference in an open workbook, but the references that cause it cannot be listed for you. Try editing the last formula you entered or removing it with the

! Undo command.

(The text reads:

Microsoft  Excel cannot calculate a formula. There is a circular reference in an open workbook,
but the references that cause it cannot be listed for you. Try editing the last formula you en
tered or removing it with the Undo command.

The tool relies on circular references to perform iterative calculatibns iteration isdisabled in Excel by default
Iterative calculationsvill be enabledor this filein Step 5 below.)

3) Find the Sheet tabs at lower left of the Excel wind®he file should opein Sheetintroduction.
MLECCTCTNME R DEE e e TR e e R A gehingthe-scenes | & Common Sclvent 08| € Adifionsl wisterils 08|

Circular References 'J

b23GS GKIFG GKS GSE/{( appdaninibe drhtiks Ndreweath tBeNBrgdicBon Sheer Tab, as a
reminder that iterative calculations have not been enabled.

Introduction I

Circular References "|_'|

4) If AutoSavesenabled by defaultdisableit for this file It is important to save work regularly, but the AutoSave
feature may interfere with iterative calculations.

AutoSave (@ Of) E—E

File Home Insert
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5) Followthe onscreen instructiongo enable iterative calculations. (This graphic is included in the tool as a reminder
that iterative calculations may need to be enabled each time a new tool file is opened. )

BEFORE YOU BEGIN: | BT chanse optors retsted o formut cctotion, peformance. and aror anding

1. Save all open documents and files and (if possible)
close other work or software programs that may
interfere with Microsoft Excel.

2. Save a copy of this tool so that you always have a
‘Fresh’ version from which to start your work. (1 [~] Enable iterative calculation

3. Under “File” = “Options” = “Formulas” ensure : Maximum Iterations: | 100
that the box titled “Enable iterative calculation” is

Maximum Change: |0.001
checked with the settings as shown. ! im hange

4. Delete this image and proceed. Remember to save

your work often!

Iterative calculations menu in Excel Version 2202

6) ¢2 OSNATFe GKIFIG AGSNY GA
aidl ddza ol NJ KFa OKIy3aSR

o

@8 OItOdAf FiA2ya KI 688y S8yl
G2 NBI /It Odz |

l.j

D
o W

I.
W ®

puj;

Introduction

Calculate ﬂ

7) Review the remaining information on Shdetroduction.

8) Navigate to Sheet. Define Process Steps
As the name suggestdiis sheet is where thaser defines thetepsthat make up the proces® be evaluated A
step canbe an individual unit operation such as a chemical reacpogparation of a solution or miure, a physical
transformation like crystallization or drying, or othagtionslike packagingA stepcan also beny convenient
sequencef unit operations.The onlyrestrictionplacedon what can bedefined asa step is that it must havene or
more specific defined inpus) with known masges), and one product stream, also with a known mass.

Note: under certain circumstances, a step can also be used to define a raw material. This is explored in more detai
in Tutorial 01: Recrystallization of NaBr
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9) Review theyellowtable headingsName Real or Virtual?Product Display NameandReference In generalonly
cells identified with a heading highlightedyiallow and emphasized with an awaequire data inputimages of
chemical reaction schema may be pasted into 8theme column if desired.

A B C D E
5 | ¥ ¥ ¥ 2>
& |[Name Real or Virtual? Product Display Name Reference Scheme |
7 |Placeholder Step Real Placeholder Product Placeholder Process Description § 1
3 PACKAGE Real Packaged Placeholder Product PACKAGE

10) Click on each of thfirst five gey cellsand read the popup instructiorassociated with each

A B C
5 W d hd
& Mame Real or Virtual? Product Display Name
T |Placehnlder5tep lﬁeal Placeholder Product
8 PACKAGE | i .  tions: Packaged Placeholder Product

g Enter the step name.

10 |NOTE: Do| ~tep namemustbea | ip this version of the tool it is nece:
unigue identifier,

11 |freedom stor, and the name "PACKAGE " isare
12 Tap 'Esc' to close this

12 popup.

As the colum headings and popup instructioimgdicate each row in thislable isa representation of a uniqustep,
andstepshave associated information such as thame the Real or Virtualarameter (discussed below), the
name of thestepQ @roduct, and any links to reference documernitkse of the PMLCA Tool to analyze a process
involves inserting rows to this Table, with each row defining a siepy and the sequence atepsbuilding up to a
complete description of the chemical proceBy. defallt, the Table is populated with two rows: the

Placeholder Step row (which will be modified), and theACKAGEw (which should not be modified).

Therow for the Placeholder Step  thereforerepresentsa unit operation (osequenceof unit operatiors)called

the Placeholder  Step. This rowis provided as a template for the user to modify and follow when entering
additional steps (additional rows) intothe Teol YR G KS yIFYS Wt fl OSK2ft RSN A a
space where the user wiill in the details of their specific process. The user can overwrit@luzholder Step

row, as well as insert as many new rows as required to define each of the steps in the process to be evaluated.

ThePACKAGEW is required by the tool to fix thikasisof calculation (i.e., 1 kilogram of API). It can be helpful to
think of thePACKAGEW as describing the finalnit operation in which 1kg of final product is packaged into a drum
(regardless of whether or nahis is actually performed in process)ni@nlike typical processirgiepsthat follow the
template of thePlaceholder Step , there can be only onBACKAGStep, and itislimited to just one material input
which isintended to be the final product or API.

Note that the tool automatically identifePackaged Placeholder Product  as the final product or API.
A C

2 'Name of Final Product Selected From Current Process Information: |Packaged Placeholder Pn}ductJ

Thiswork® SO dza S { K She Na@n2df thelatgrinldmutQo the PACKAGStep. By default, the product of
the Placeholder Step is the input to thePACKAGStep.Note that relationships between stefgmcluding defining
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which material is being packageale definedby the uselin Sheet2. Enter Steetails which isdiscussed below.

11) Navigate to thesheettitled 2. Enter Step Details
As the name suggests, this sheet is where the Tool capturedetiadisof each step defined on Shegt Define
Process Stepd he details pertaio the identity, clasification, and masses of the inputs to each step, as well as the
mass of the product of each step. By indicating that the product of one step is an input to anadirectenal (or
directed relationshipbetweenthose steps is established.

12) Examine the headings and popup instructions. Note that the first fellowheadings have additional, more
detailed instructions than theellsbelowthem. Again,note the yellow highlighting and emphasis arrows indicating
which columns requiréata. Do notdirectly modify the contents of cells in bldgighlighted columnsr the blue
cells corresponding to theACKAGS&ep.

A B € D E F G H

3 | ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ >
4 |Step Name Input or Output " LCA Data Source Class ' LCA Data Source Subclass Display Name Physical " Step Instructions Notes Reviewer Comments I
5 |Placeholder Step Input iGAL_Aligned_Organic Default iGal Aligned Organic Reagent Placeholder RM 1.00 1) Charge 1X (basis) Placeholder RM  1kg = 1X basis

6 |Placeholder Step Output None None Placeholder Product 1.00 2) Isolate 1kg Placeholder Product  This gets packaged

7 PACKAGE Input Process_Steps Placeholder Step Placeholder Product 1.00

8 PACKAGE Output None None Packaged Placeholder Product 1.00

In this Table, there arour rows. The first two aressociated with thé@laceholder Step  that was defined irBheet

1. DefineProcess StepsThe first row specifies that tHelaceholder Step  takes al.00 kg chargeof Placeholder

RMas an input, and that thelaceholder RM borrows LCA metric values from the default iGAL aligned organic
reagent.The second row specifies thataceh older Step  yields1.00 kg of Placeholder Product . The product is
identified as such by theutput label in thelnput or Outputcolumn Note also thathe Display Namas identical to

the value in theProduct Display Nameolumn andPlaceholder Step  row in Sheetl. Define ProcesSteps This is

how a typical step will be defined with one or more inputs of a specified mass and LCA classification, and a single
output also with a defined masAny pertirent information on stoichiometry, yield, or purity or ampiut or output

must be reflected in the mass for that material.

The second two rows of the tab{a blue)are unique to thePACKAGS&tep, and should not be modified except by
experienced userssenerally, the format of theACKAGS&ep is the same as any other, except that it is-gegined
to have an output of.00 kg which is necessary to correctly constréte iterative calculation that is performed to
re-scale the process stepbhevalueProcess_Steps in the LCA Data SourcddSscolumn indicates that the input
to the PACKAGH the product of a previous processing step. $pecific step is selected according to the entry in
the LCA Data Source Subclasdumn. In this case, it is the productRificeholder Step  that is beingpackaged,
and theDisplay NamePlaceholder Product is filled in automatically.
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13) At the bottom of the sheet, a graphic with some examples afdlh calculations is provided:

Examples of Common Calculations

Charging a complex reagent with a special metal:

Template:

Metals Mass [kg] = {Overall Mass [kg])

(Overall MW) X Z(Metals MW)

(Overall Mass [kg])

(Overall MW) x Z(Nonmetals MW)

Nonmetals Mass [kg] =

Example: Charge 1.5kg of lithium bis(trimethylsilyl)amide.

LCA Data Source Class LCA Data Source Subclass
Non_iGAL Aligned_Organic Default Non-iGAL Aligned Organic Reagent
Special_Metal Lithium Li+

Display Name Physical Mass (kg)
bis(trimethylsilyl)amide =1.5/167.33*160.39
=1.5/167.33*6.94

Define a solution by weight percent or mass fraction

Template:
Solute A Mass [kg] = (Solute A weight %)
Solute B Mass [kg] = (Solute B weight %)
Solvent Mass [kg] = (100 — ) Solute wt %)
Output Mass [kg] = 100 (or »; Solvent + Solute)

Example: Aqueous solution with 10 wt% NaCl and 5 wt% MgCl,

X
4 |Input or Qutput LCA Data Source Class LCA Data Source Subclass Display Name Physical Mass (kg)
5 |Input Common_lnorganic Default Inorganic Material Sodium Chloride 10
6 |Input Common_lnorganic Default Inorganic Material Magnesium Chloride 5
7 |Input Common_Solvent water, deionized Water 1=100-(F5+F6)
8 |Output None None Example Solution =SUM(F5:F7) |
Define a solution by molarity
Template:
. : 1 [k
Solute Mass |kg]| = (Molarity of Solution) X (Solute MW [il]) X (100[0‘[’;] ])
mo g

Solvent Mass [kg] = (1 [L]) (solution density [kTgD
Output Mass [kg] = (3. solvent + solute)

Example: 2M KOH in water (neglecting solvent density change)

4 |Step Name Input or Output LCA Data Source Class LCA Data Source Subclass Display Name Physical Mass (kg)

5 | Placeholder Step Input Common_lnorganic Default Inorganic Material Potassium Hydroxide |[=2*56.105/1000

6 |Placeholder Step Input Common_Solvent water, deionized Water =1*]

7 |Placeholder Step Output None None Placeholder Product |=F6+F5

The use of these calculations will be explained in more detail later.
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14) Navigate to the third Sheet title8. Process Metrics Dashboaemhd notethe various headings.

15) Frst reviewthe NOTIFICATIONSea,where any warnings or erroidentifiedo @ K S -érédrcliecking véllS £ F
be displayedif no errors are detected, the display should look like this:

A 5] C u] E F G H | J K L Ll N o P Q R S T u v W
1
2

3 NOTIFICATIONS (ENSURE ALL ROWS ARE VISIBLE) [press 'F9' to refresh calculations if necessary]

> Everything looks good! Be sure to RESET = RUN > FREEZE the Graph Dynamics and the Step Scaling Iterator before evaluating results!

If no errors are detectedhe NOTIFICATIONSea should read:

> Everything looks good! Be sure to RESET > RUN > FREEZE the Graph Dynamics and
Step Scaling lterator before evaluating results!

16) The next sectiondown the pagdrom NOTIFICATIONIS, theProcess Network Graptwhichhas additional inputs
andtroubleshootinginstructions.This area will @play the procestwpologyas a directed grapiThis graphmay be
useful for identifying errors in data entoy previewing an entire procesblote that the heading titl€®rocess
Network Graph for the Synthesis #ackagedPlaceholder Productefers autonatically to the final product that the
tool has identified from Sheeit. Define Process Steps

: Process Network Graph for the Synthe5|s of Packaged PIacehoIder Product
7 cess Network Graph for of Packaged Placeholder ct (-Warmng Slow, please be patient

the user to-adjust:

> "Raw Materials” marker size:
il >"Process Steps” marker size

= . > “Arrows" line width

Place! brodu 5 "Steps and RMs for Labeling' Dats Labels" font size
i - > Label position {dlick and drag)

Enlarg the plot or ‘zoom in' to view it.

1 =

0 b= a abel
21 A Lok Options ~Teut Ot
2z i . a

% D_"_ /-7 Uncheck, ) R
2 - ‘\i_ _/ thenre-check “ 7

26

g; FiaceiBider &M Q@ B

2 \1 ) > Bormat Duta Labels

30 4 — .

El (73 Clickto

:i A"/ Reset

;; If data labels appear to be

:3 misbehaving, reset them

38 with this procedure

a0 PackagedPldeeholder Mmber
41 Proguct

The process network graph should currently consishofe nodes connected by arrowBach node is automatically
labeled according to thmformation enteredin the previousSheets

A Packaged Placeholder
PlacehBlder RM Placeholder Product Procluct

The arrows between the nodes are drawn automatically based oimtkestep relationships generated in Shext
Enter Step DetailsThisProcess Network @phillustrates thatPlaceholder RM is an input to the step producing
Placeholder Product , which in turn is used to produd®ackaged Placeholder Product . The plot layou{i.e.,the
positions of the drawing elementss determined automatically. The layosta ForceDirectedGraph.
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17) The Graph Dynamics dropdown is usedRset, Run, andFreezethe iterative calculation that is required achieve

a plot layout.

Graph Dynamics |[Reset |« Warning: Slow, please be patient

Run
'U Freeze

~ s e [ 1l

It is necessary to regenerate the layout anytime steps are added or removed, or when the relationship between
steps has been modified.

NOTEDo notsetthe Graph Dynamicgerator to Wwdzy Q Y2 RS 6 KA f & thishtaRdadse BxgeBo A Y LJ
become slov and unresponsive2 KSy G KS A (S NI adiNtlidkiag akyywhett withiyi ExceYuntiRiBe

calculation is complete.

18) Scroll tirther down the pageo the Overall Process Metricsection whichwill concisely summarize the PMI and LCA
metrics foryour entire process.

If thiswarningappearswhile scrolling dowr®f A O]7 Wh¥Q (2 RA&AYA&a

Microsoft Excel >

| MNegative or zero values cannot be plotted correctly on log charts. Only positive values can be interpreted on a logarithmic scale.

(The text reads:

Negative or zero values cannot be plotted correctly on log charts. Only positive values can be
interpreted on a logarithmic scale.

This warning appearnsecausehe two plotsimmediatelybelow have logarithmic-#xes and are expecting naero
values However, one of the data serie€;OG (USDhas no data, and only zero values are available.

A ] c 1 E F [5 H 1 J K L M [ o [ a R s T u v ¥ z an 4B ac an -

Overall Process Metrics for the Synthesis of Packaged Placeholder Product

@5 Radar Plot Style Bar Graph Style Data Table

a5 Step Scaling Iterator: Freeze| e
- Overall Process Metrics per kg of Packaged Placeholder Overall Process Metrics per kg of Packaged Placeholder N ——

43 Product Product Total R
i

5 oofs uso)
E fer (ce)
iv)

Ei
GWP (kg CO2 equiv.)

| Aci difi cation (kg SO2 equiv.) oo 001 000 000 DO0 oo oo
Acidification (kg 502 equiv.) Eutrophication (kg posphate equiv.] 001 001 000 000 D00 0o 00

i Water (kg) W70 W70 000 000 0m 0w o
GUP (kg COq eauiv) COG (USD) 000 000 000 0o0  om 0o oo

Enefgy (M1}
Mass et (kg)
o

LE3  LE2 1E1  1E4 L4 1E2
Metric Value

19) Take note of thdata Tableon the light. At this point, it should displaynlythe LCA metric values for the default
iGAL aligned organic reagdmthich was selected as the only process input in SBeEnter Step Detai)s

American Chemical Socie®2023



The two plots in this section display the same data, buiffernt styles. The source of the data for the two plots is
the Total column in theDataTable Associated witlthe Data Tablds another iteration control bax

Data Table

Step Scaling lterator: Freeze [~

Feset
Fun
Freeas

Total RBReagent

- e -

Table Process Overview
Process Metrics per kg API

Thisdropdown controller is used tBeset Run andFreezethe iterativecalculation that rescales all steps to the
basis provided in theACKAGS&ep (typically 1kg of APljeration is necessary for this calculation because the tool is
setup to handle recycle loops paricular to capture significant seed charges in cjigetion stepsTheStep
Scalindterator should be reset and saun any time changes are made to the procddwe iterator will only

converge correctly for processes that anput correctly ancadequately constrained. Results should always be
double-checked andvalidated independently.

NOTEDo notsetScalindteratorto Wwdzy Q Y2 RS 4§ KA f & thisn2gaRdadse BxgeEo becgrhdddovi
and unresponsive2 KA f S (G KS A S Nlaioid digkihgianyivhere WithidZZxcel uvite iRdSulation is
complete.

20) The next setion down the pageprovidesa pie chart for each PMICA metric showing the contribution of each
material class to that metric. The Placeholder Step has only one material input, so these plots are not very
interestingat thisstage of thetutorial.

Breakdown of Overall Process Metrics for the Synthesis of Packaged Placeholder Product

Breakdown of oox oo Breakdown of aox oo Breakdown of aox om Breakdown of 00c nox

PMIE lass nerg Gwp

lass lass by Class
[ aheent . [
a aw
o e
® aw

e . - g -
re oo o real oo o e oo o reakdown of oo o
i 10 ion
lass lass
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21) Finally, there should be a section wité additional plots, which will display a more detailed breakdown of each
green chemistry metri¢or cost of goodshy material input and by processing step. This section is Lfsafu
identifying potential areas for improvement within a process. The Synthesis of Placeholder Product has only one
step and one raw material, so these plots are also not very interestitigisstage

© i E F [} H 1 4 K L " [ o ] a R s T u v W X v z an a8 ac a0 AE

. Process Metrics Detail:

- By Material By Step

Physical Mass (kg) of Unique Inputs per kg of Packaged Placeholder Product PMI of Each Step per kg of Packaged Placeholder Product
12 12 12 .

g

(100%)

EmWater
=3sonvent
ERezzen
=M

M
°
&
Cumulative

Physical Mass (kg)

£
EEnymes & Plant Bxtrads 1 0.6 3
C0THER H
~0-Cumuiative 02 02

& -

o

. B Woter CISolvent EEReagent EIMenl ESIEnaymes & Pant Etracs C0ter ~O-Cumulatie
Process Material Inputs. e wm

Physical Mass and PMI per kg API

Note that the two COG plots at the bottom abpear blank because no raw material costs are included with this
tool.

£
& €OG of Unique Inputs per kg of Packaged Placeholder Product €0G of Each Step per kg of Packaged Placeholder Product
& 12 12
a0

£

a2 N
E

£ EWaer
a5 Isoivent

c o 3 3 2 H J K L M [ a [ Q R s T u v % ® v z an L) Ac A0 e

EmResgent
=Ml

€06 (usp)

EEnzymes & Plans Exvacs | 0.6 3
oThER
=0~ cumuiative

€06 (UsD)

-
&

a2 Process Material Inputs.

COG per kg API

E Emater EISolvent EEEIReagent EIMetsl ESIEnzymes & Plant Extrscts CI0ther =O=Cumuistive

22) Navigate through the remaining sheets.

SheetA. Behindthe-scenescontainshelper Tables that define dropdown list options, as well asMlessagegable
that evaluates which alerts to display in tNtificationsarea on SheeB. Process Metrics Dashboar8heetA.
Behindthe-scenesalsocontainsTable_Arrow_Cordsvhich supportghe functionality of theProcess Network
Graphthat is displayed on She8t Process Metrics Dashboartf you are working on a very long process, you may
see a warning in thblotifications area asking you to add a certain number of additional rows to

Talbe_ Arrow_Cords.

SheetB. Common Solvent DBas one long Table that contains all of the solvents that are available for use as raw
materials when entering the details of processing steps. Each solvent in the Table also has LCIA metrics provided
from ecoinvent, and a column to add pricing information.

SheetC. Additional Materials DBontainstables with LCIA metrics for iGAL aligned organic reagentsiGwin
aligned organic reagents, common inorganic reagents, enzymes and plant extracts, and anselexgtals (with
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some literature recycling values). Additionatlyere is aCustom_MaterialTablewhere the user can organize
additional custom materials.
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Tutorial 01: Recrystallization of NaBr

Topics Covered

9 Process data entry
Evaluating commonreors in theNOTIFICATIONSea
How to handle common plotting bugs
Realand Virtual processing steps
Seeded crystallization (with a recycle loop)
Doublechecking results with manual calculation
Cost of Goods (COG) analysis
Adding custom materials arre¢agents

= =4 =4 =4 -8 =4

1

Process Description

According to solubility data presenteddnChem. Eng. Da2®05, 50, 1, 282, the solubility of NaBr in water is 48.620

wt%andin a mixed solvent of 1:1water:methanol (salfree mass basis) A a

OpdPYyCHOD

[ aBeld€évalopédad a dz)

a process to recrystallize NaBr from water beginning with a5 solution, to which we add enough methanol to bring
the saltfree-basis water content down t60%. By filtration, we will recover 98% of the NaBr that precipitates.

Instructians:
NOTE: Be sure tsave and close any open files before you start, ancdstve your

1) Return to Sheel. Define Process Stepsmd overwrite the textPlaceholder Step

work as you go!

in the Namecolumn with the

text Dissolve NaBr . UnderProductDisplay Nametype 45 wt% NaBr (aq ueous) . UnderReference type

Tutorials Section 01 Step 1
more concise.

or Tutorials § 01 Step 1

. The Section Sign glyp®) (s not required, but it is

A E C D
5 | W * o+ o+
& |[Name Real or Virtual? Product Display Name Reference
7 Dissolve NaBr  Real 45 wi% MNaBr (aqueous) Tutorials §015tep 1
2 PACKAGE Real g H#N/A PACKAGE

NOTE the Section Sign glyph is undesertE SymbolE Latin-1 Supplement:

Symbol
Symbols  Special Characters

Font: | [normal text) Subset: | Latin-1 Supplement

PIQ/R|IS|T Y Z|[|\]] _ alblc|d|e|f|g
hliljlk]l glr|s|tjujv|iw{x|ylz|{|]]} ™
i|C|E|H|¥ alg|al-® 7223 nl] ,
Tleln|%|% A|A|A|A|E|C|E|EJE|E|T|T|T|T|D .
Recently used symbols:

A< t]€[3[#]v[=[[u]o[>[M¥]x|o]| |n|p|a|A|e|e

Unicode name:

Character code: | 00AT from: Unicode (hex} |~

Insert

Section Sign

Cancel
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2)

3)

Navigate to Shee2. Enter Step DetaildNotice that thefirst two rows in the Table are both still associated with
Placeholder Step , which no longer existdt is important to remember that editing a step name in SHeddefine
Process Stepwill not automatically update the name in SheetEnter Step DetailsThis isalsobroadly true for any
change made to an itertiat supplies a dropdown listfter that item has already been selected in a dropdown.

52y Qi PASRIAG dBLIRIHIS (KS yIerSQiity R SthemsteSimidmatdhedzStepTNaneR (
can cause, so that the error can be more easily recognized during troubleshooting it iretue future.

A B T D E

3 | W ¥ ¥ ¥ g
] N ] N w

4 |Step Name Input or Qutput  LCA Data Source Class LCA Data Source Subclass Display Name
5 rI3'Iat:e}'mlc:lerStep Input iGAL_Aligned_Organic Default iGal Aligned Organic Reagent Placeholder RM
& 'Placeholderstep Output MNone MNone Placeholder Product
7 PACKAGE Input Process_Steps rPlat:eholr:intzrStep F H#N/A
8 PACKAGE Output None None " H#N/A

7

2dz YIed 4SS GKS F2tft26Ay3 6l NYyAy3adI 6KAOK &2dz Oy RA
Microsoft Excel >

5

Excel found a problem with one or more formula references in this worksheet,

Check that the cell references, range names, defined names, and links to other workbooks in your formulas are all correct.

The text reads:

Excel found a problem with one or more formula references in this worksheet.

Check that cell references, range names, defined names, and links to other workbooks in your
formulas are all correct.

Navigateback to SheeB. Process Metrics DashboarBepending on the tool version you may also see this warning:

Microsoft Excel *

| Megative or zero values cannot be plotted correctly on log charts, Only positive values can be interpreted on a logarithmic scale.

The text reads:

Negative or zero values cannot be plotted correctly on log charts. Only positive values can be
interpreted on a logarithmic scale.
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/ £ A Obn the hlaft@abovandthe Overall Process Metricglots will go blank

=]
r

#

[ [u] E F G H | J K L [ ) a F a9

43

44

Radar Plot Style Bar Graph Style

#N/A #N/A

COG (USD)

PRI

Water (kg)

COG (UsD) Eutrophication (kg posphate equiv.)

Addification [kg 502 equiv.)
GWP (kg CO2 equiv.)

Water (kg) Energy (M)

Energy (M)

Green Chemistry Metric

Mass Net (kg)

PMI

Eutrophication (kg
posphate equiv.)

GWP (kg CO2 equiv.)

1.E+D LE+1

Metric Value

Adidification (kg 502
equiv.)

identifiesthe issueby disp

c

messagein the NOTIFICATIONSe

K e}

The Tool

1
2

layingnew a
| o S

B u] E F G H L L M o F R T

NOTIFICATIONS (ENSURE ALL ROWS ARE VISIBLE) [press 'F9' to refresh calculations if necessary]

> Warning: Check Inputs! LCA Data Source Class and Subclass must match.

* Warning: Check Inputs! A Step Name selected in Sheet '2. Enter Step Details' is blank or not defined in Sheet '1. Define Process Steps'.

> Warning: Check Inputs! An "Input: Process_Steps" Step Name selected in Sheet 2. Enter Step Details' is blank or not defined in Sheet "1. Define Process Steps'.

2

Thenaotificationsread:
0 Warning: Check | nputs! LCA Data Source Class and Subclass must match.
U Warning: Check Inputs 'ASt A . AT A OAI AAGAA ET 3EAAO pit %l OAO |30AD S$A
T1T 6 AAEET AA ET 3EAAO pwst $AEET A 001 AAOO 30ADPORY
U 7AO0TEICk #EAAE )T POOOn '1T 2)T1 DOOKk 001 AAOOM3IOADPO2 3QAD . AT A
bt %l OAO 30AD $AOAEI OR EO Al ATE T 0O 110@iMAMEES BOADIORIEAADL p
Ly GKAa OFasSsz Fff 2F GKS&aS y20AFAOFGA2ya | NB NBfFGS

4) Return to SheeR. Enter Step Details

The first ndification we saw was because the entrySheet2. cell D7, Placeholder Step
subset of the entry ilf€7 Process_Steps . The second notification was becaubke Placeholder Step

, Is no longer a valid
entries in

the Step Namecolumn (cellsA5and A6) no longer appear in thamecolumnin Sheetl. Define Process Steps

since we changkthe name taDissolve NaBr . The third notification is because tiféaceholder Step

no longer appears in thlamecolumnin Sheetl. Define Process StepSo while these errors are all sybitl
different, they are all caused by our having chantiedlstep namecellA7(?)in Sheetl. Define Process Steps
without updatingSheet2. Enter Step Details
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Now, use the dropdown menus in thetep Namecolumn to selecDissolve NaBrin the first two rows

Navigate back to She8t Process Metrics Dashboaehd @nfirm that this has resolvedne of thethree error
messagein the NOTIFICATIONSea.

5) Return to Sheel. Define Process Steps
Our process has two steps in addition to packadidigsolve NaBr, and pepitate NaBr), but the table currently has
only one row for processing. Because the table isactudlyat S 0 gAGK | OFLIAGFE a¢é0x
preserving existingquations andelationships. Right click cell A8 (or anywhere in thee ACKAGEW) and select
WaSNIQ YR AMBFSH®BI o0fS w2g

Because this is a Table, the context menu should appear slightly different than the normal right click context menu
that would appear elsewhere in the Sheet. The typical method of inserting a row in Excel would also work here but
would not have illustratedhe unique context menu available for Tables.
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