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DISCLAIMER

Minerd Processing Research Ingtitute(M PRI) makes no warranties, express or implied, induding
without limitationthe implied warranties of merchantability and fitness for particular purpose, regarding the
MPRI software. MPRI does not warrant, guarantee or make any representation regarding the useor the
results of the use of the MPRI software in terms of its correctness, accuracy, rdidility, currentness or

otherwise. The entire risk as to the results and performance of the MPRI softwareis assumed by you.

In no event will MPRI, its director, officers, employees or agents be liable to you for any
consequentid, incidenta or indirect damages (induding damage for loss of business profits, business
interruption, loss of business information, and the like) arisng out of the use or inability to use the MPRI
software even if MPRI  has been advised of the possibility of such damages.

INSTALLATION
ThePollutionndex Programmust beingtaled under Windows 95 or WindowsNT. The procedure

to ingtd| the program is described as following:

1) Insert CD-ROM in CD-ROM Drive and run the “ pollingtall.exe’ program.

2) The default detination directory is “ C:\Program Flespallution” into which the program will be
copied when the setup program is run.

3) The short cut will be created Under start Programs Advanced Process Analysis.

4) Run the program “pollution.exe’ in the ingtdlation directory.



Introduction

Cogt minimization has traditiondly been the objective of chemica process desgn. However,
growing environmenta awareness now demands process technologiesthat minimize or prevent production
of wastes. The development of such environmentally benign processes requires atool whichcanperform
a quantitative measurement of the pollutionimpact of a process.

The pollutionindex programis a pollution preventionand measurement module, whichcanbe used
to assess the environmenta impact of chemica and refinery processes. It is based on the pollution index
methodology of EPA (Hildy and Sikdar, 1995). This approach defines pollutionindiceswhich can be used
to compare the performance of different chemical processes.

M ethodology

There is a wedth of information on methods for pollution prevention for chemica and refinery
processes. Some methodscurrently beingdevel oped are the Waste Reduction Algorithm (WAR) by Hildy
and Sikdar, (1995), the Ervironmental Impact Theory by Cabezas et a., (1997), the Clean Process
Advisory System (CPAS) by Baker et.al.(1995) and the Mass Exchange Network Methodology by
Papalexandri et a.(1994).

The Pallution Index Program uses the Waste Reduction Algorithm (WAR). The WAR agorithm
can be used to minimize waste in the design of new processes as wel as in the modification of exiging

processes. It is based on the generic pollution balance of a process flow diagram as given below.

Pollution Accumulation = Pollution Inputs + Pollution Generation - Pollution Outpt. @

In the WAR agorithm, a quantity caled asthe 'Pollution Index' is defined to measure the waste
generdion in aprocess. Thisindex aso alowscomparison of pollution production of different processes.
The Environmental Impact Theory (Cabezas et. d., 1997)

This theory is a generdization of the WAR dgorithm which discusses the methodology for
evauaing potentia environmenta impactsand illugraing its use in the design and modificationof chemicd
processes. The environmenta impacts of a chemica process are generaly caused by the energy and

materid that the process takes from and emits to the environment. The potentid environmenta impact is
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aconceptua quantity that can not be measured. However, it can be caculated from related measurable
quantities.

The generic pollution balance equation of the WAR dgorithm (Egn. 1) is now applied to the
conservation of potentia environmenta impact in a process. The flow of impact inand out of the process
is related to mass and energy flowshbut is not equivaent to them. The conservationequation can be written

as

d sys
at

= I‘in' |'out + |.gen (2)

In the conservationequation, |4 isthe potential environmental impact content inside the process, |, isthe
input rate of impact, |, is the output rate of impact and |, is the rate of impact generation ingde the
process by chemical reactions or other means.

Applicationof this equationto chemica processesrequiresanexpress onthat rel atesthe conceptual
impact quantity to measurable quantities. This can be written as

. [e] .o 0 . 0
i=a i”=a M%a xgY, )
j j k

where |; isthe tota impact flow in the input or the output. The sum over j is taken over dl the process

streams. For each stream, a sum is taken over dl the chemicds where M; is the mass flow rate of the

stream j and ¥ is the massfraction of chemica k in that stream. Qy isthe characteristic potential impact
of chemicd k.

The process streams are divided into three types: Input, Product and Non-product. All non-

|° - I. N I-_Np product dreams are conddered as

™ " omaining pollutants, and dl product

streams are considered to have zero potentia impact. This assumption is made because the objective of

the methodology is to reduce the impact and amount of waste materias released into the environmen.

Sincethe product streams are not rel eased into the environment, they are considered to have zero potentia
impact.
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The potentia environmenta impact of a chemica species is cadculated using the following
expression.

Yk:é,l YR (4)

where the sum is takenover the categories of environmenta impact. "', isthe reative weighting factor for
impact of type | independent of chemicd k. Q,,* isthe potentid environmenta impact of chemicd k for
impact of typel.

There are nine different categories of impact. These can be subdivided into four physical potentia
impeacts (acidification, greenhouse enhancement, ozone depl etionand photochemica oxidant formation),
three human toxicity effects (air, water and soil) and two ecotoxicity effects (aquatic and terrestrid). The
relative weighting factor **, dlowsthe above expressionfor the impact to be customized to specific or local
conditions. The suggested procedureisto initidly set dl the **,° to one and thenallow the user to vary them
according to loca needs.

To quantitatively describe the pollutionimpact of a process, the conservation equation isused to
define two categoriesof Impact Indices. The firg categoryisbased on generationof potentia impact within
the process. These are useful inaddressing the questions related to the internd environmenta efficiency of
the process plant, i.e., the ability of the process to produce desired products while cresting a minimum of
environmenta impact. The second category measures the potential impact emitted by the process. Thisis
a measure of the externd environmentd efficiency of the process, i.e., the ability to produce the desired
products while inflicting on the environment a minimum of impact.

Within each of these categories, three types of indicesaredefined. Inthefirg category (generation),

the three indices are as follows.

NP
R B

tononproducts. This can be cal culated by subtracting the input rate of impact fromthe output rateof impact

measuresthe total rate a which the process generates potentia environmenta impact due

as shown in the following equation.
(5)

| »and [N can be calculated using equation 3.
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mess of al the products. It is

cdculated by dividing index 1 by the rate at which the process outputs products. This is shown in the
following equation.

(6)
where § Pp isthetotal rate of output of products.

p

3. M measuresthe massefficiency of the process, i.e., the ratio of massconverted to an

gen

undesirable formto massconverted to a desirable form. It is calculated from index 2 by assgning

avdue of 1 to the potentia impacts of dl non-products. Thisis shown in the following equation.

ANMAXT-AMOE K
NP — i k j k
gen é Pp
P (7)

The indices in the second category (emission) are asfollows.
4, | * messuresthe total rate a which the process outputs potential environmental impacts due
to non-products. It is caculated using equation 3.
5. IA(]'\IP measures the potentia impact emitted in manufacturing a unit mass of dl the prodiuctsi s

caculated by dividing index 4 by the rate at which the process outputs products Thisis showrh e
following equation.

| W= o (8)



5

6. I\7I0'l\1P measures the amount of pollutant mass emitted in manufacturing a unit mass of product. It

is calculated from index 5 by assgning a value of 1 to the potentia impacts of dl non-products. Thisis
shown in the following equation.

L
MI\P: j k
out [*] ~
a P
p 9

Thefirgt category of indices (indices 1,2 and 3) categorizes generation of potentia environmental
impact within a process. These indices are most useful in addressing questions related to the internal
environmentd efficiency of the process plant. Smdler the vaues of these indices, more environmentaly
effident isthe process. The second category of indices (indices 4,5 and 6) categorizesemissonof potentia
impact within aprocess. These are ussful in questions related to externa environmentd efficiency of the
process. Indices 1 and 4 canbe used for comparison of different designs onan absolute basis whereas the
other indices can be used to compare designs independent of the plant size.

In addition to these indices for the process, pollution indices can be defined for the individua
streams aso. Higher the pollution index of a stream, higher is the pollution impact of that stream on the
environment. Sinced| product streams are considered to have zero potential impact, their pollutionindex

vaues are zero. The pollution index vaue for astream | can be caculated using the following equetion.
. _ - (o]
|j_|v|jal.( XY (10)

where M; is the mass flow rate of the stream |, X is the mass fraction of chemica k in that streeam and

Q isthe characterigtic potentid impact of chemica k.



Tutorial Sesson:

Tolludrate the use of WAR Algorithm and the working of the Pollution Index Program, asmdll
tutoria problem (Cabezaset. d., 1997) isgivenbdow. The processis of production of methyl ethyl ketone
(MEK) from secondary butyl acohol (SBA). Thisisatypica chemica engineering process with severa
unit processes such as reactors, separators, mixers etc. and is thus idedly suited for the purpose of this
illugration.

The process flow diagram for the above processis shown in Figure 1. SBA isfed to a hydrogen
scrubber where the feed SBA scrubs residua MEK from the hydrogen stream. The SBA feed is then
pumped up to the reaction pressure and heated to the reaction temperature. This feed then enters the
reactor. The output of the reactor is then sent to a heat exchanger where it is partialy condensed. The
mixture of MEK, SBA and hydrogen is cooled further and sent to a separator where the hydrogen is
flashed off. The hydrogenisthen scrubbed and the liquid phase isthensent to the MEK purificationsystemn
whereit is separated into product MEK and waste SBA.

The mass flow rates (kg/hr) of the input and output streams are given in Table 1, and the potential
environmentd impact scores for these chemicds are given in Table 2 from Cabezas et d. (1997).

Tablel MassFlowrates of Input and Output Streams for the MEK Process

Stream Number 1 2 3 4 5
SBA 3362 19 3 2670 1
MEK 0 0 567 13 71

H20 8 0 0 0 8

H2 0 18 0 0 0

Table2 Potentid Environmental Impact Scores for Chemicasin the MEK Process.

H2

MEK

SBA

H20

Qj,l (impact/ kg)

0.42

0.00041
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Figure 1: Process Flow Diagram for the MEK Process. (Cabezas et al., 1997)
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Now that we have al the necessary data, |et us use the Pollution Index Program for this problem.
On running the program, the ‘Welcome Window’ as shown in Figure 2 gppears on the screen. It givesa
short descriptionof the program’ sfunctionand the Potentia Environmenta Impact theory. It asks the user
to choose ether a new mode or an existing modd. We will choose the ‘New Modd’ option. ( For an
existing modd, the program shows the * Open Mode’ didog box shown in Figure 3)

Next, the programshowsthe * StreeamData formwhichisgiveninFgure4. Sincewe have chosen
aNew modd, dl the datafields will beinitidly empty.

Thetable at the top left corner showsthe list of streamsin the model. New streams can be added
by first entering the necessary stream data and thendickingthe * Add Streamtolist’ button. The necessary
stream data indudes the stream name, the component data and the stream type. The component data
includesthe component name and its flowrate. The component flowrates can aso be specified interms of
the mass fractions dong with the total mass flowrate of the stream.

Sincewe have the datain terms of mass flowrates, we do not need to specify the total flowrate of
any stream. S0, let us enter the data for the stream number 1. In the box for the streamname, let us enter
strl. (We will name dl of our streams for this problem as strl, sr2 and so on). We will click the ‘Mass
flowratesof components optioninthe * Specify’ box. Inthe Components Data table, wewill enter the two
components. H20 and SBA and their corresponding flowrates. Other components of the sysemwhichare
not present in this stream need not be entered.

In accord with the Environmenta Impact Theory, the process streams are divided into three
categories: Input, Product and Non-Product. Strl is an input stream. So, in the Stream Typelig, we will
choose‘ Input’. Having entered dl the informationfor this stream, we cannow dlick the* Add streamto lis’
button. The stream now gets added to the Stream List table at the top. In this manner, we canadd al the
five streams to our modd.

The lig at the right hand top of the form shows the lig of al the components in the process.
Whenever, a new component is added to the modd, it is automaticaly added to this ligt. Each of these
components has Specific Environmenta Impact Potentids, Q% for each of the nine different categories
of impacts. The user has to click on the component name in the list and then enter the Q3| values in the
table. All the impact potentias have a default vaue of zero.

S0, let us dlick on SBA in the * Choose component’ list and enter the value of 0.00041 in the first



impact type. Also, click on MEK and enter 0.42.

Figure 2: Welcome Window
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. Pollution Index Program - [Process]
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Figure 4. Stream Data
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Also, the user hasto enter the Relaive Weighting Factors (**, ) for the process. Inaccordance with
the theory, dl the'", sareinitidized to one. For this problem, we will retain these default values.

To modify the informationfor any stream, the user smply hasto click onthat sream in the list, and
the data for that stream appears in the boxes. The user can make the required changes and click the
‘Update Stream Information’ button. Smilarly, to deletea stream, the user hasto select the streamfirst and
press the ‘Delete Stream’ button.

All of thismodd informeation iswritten to a temporary buffer. At any time, the user can save the
model by choosing the *Save' option in the menu. Let us save our model in afile cdled ‘examplemdb’.
( Themode is stored as a Microsoft Access database file. So, it must have the . mdb’ extension.)

Now that we have entered and saved the model, the ‘ Calculate Indices’ button can be clicked to
view the vaues of the Six pollutionindices defined earlier. On dicking this button, the programusesthe data
entered by the user to evauate these indices usng equations 5-9. It then digplays on the screen the
‘Pollution Indices' form which shows the results of these evauations. Thisformis shown in Figure 5. The
column onthe left-hand side shows the indices based on the generation of potentid environmentd impact
and the right-hand side column shows the indices based on the emission of environmenta impact. Each
index is accompanied by aHep button. Clickingthe ‘Help’ digolays moreinformationabout that particular
index & the bottom of the screen. The results for this problem are given in Table 3.

Table3 Resultsfor the MEK process.

Index Type Value Units

Basad on Generation of Potential Environmenta Impact

Totd rate of Impact Generation 35.00448 Impact / hr
Specific Impact Generation 0.061411 Impact / kg product
Rate of Generation of pollutants/ product -1 kg pollutants / kg products

Based on Emission of Potentid Environmenta Impact

Tota rate of Impact Emisson 36.3829 Impact / hr

Specific Impact Emisson 0.063827 Impact / kg product

Rate of Emission of pollutants/ product 4.91228 kg pollutants / kg products
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£ Pollution Index Program - [Index Calculations]
E

OCERE

Indices based on Generation of Indices based on Emission of
Potential Environmental Impact Potential Environmental Impact
Total rate of Impact Generation Total rate of Impact Emission

35.00448 Impact Time 36.3823 lmpactf Time M

Specific Impact Generation Specific Impact Emission
Help
Help
E.14113684210 Impact/ Product 0.05382364912 Impact/ Product
Rate of Generation of Rate of Emission of Help
Pollutants per unit product FPollutants per unit product
Help

’f Mass Pollutants / 491228070175 Mass Poflutants /

Mass of products hass of products

Help on the selected Index :

This index gives the rate atwhich the process generatespotential environmental Show WAR algorithm
impact. Itis equal to the differencebetween the total potential impact leawving the
systermn and thethe total potential impact entering the system. The potentialimpact

of products is taken to be zero. Back to Stream Data
~NF NP < IT
Ig’erz = Iout _ 'I-iﬂ

Figure5: Pollution Indices
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Let us dick the *Show the WAR dgorithm’ button which will display the “WAR Algorithm’
window shown in Figure 6. In thisfigure, the table on the left Side shows the pollutionindex vauesfor the
individud streams. These vaues are obtained by gpplying equation 10 to dl the process streams. A
comparison of these values can help in identifying streams with high pollutant content.

The pollution index valuesfor the individud streams inthe MEK processaregiven in Table 4. We
can see tha stream 5 has a very high pollutant content followed by stream 4. Stream 3 has no pollutants
becauseit is a product stream. The form dso shows the important steps of WAR Algorithm which gives
asysematic way of gpproaching the waste minimizationproblem. Process modifications should be made
to reduce the pollutant contents of streams 4 and 5. Clicking the ‘Back’ button will bring us back to the
‘Indices’ form.

Table4 Pallution Index Vaues for Streamsin the MEK Process

strl str2 str3 str4 str5
1.37 0.00779 0 6.55 29.8

To makemodifications inour modd, we canclick the ‘ Back to Stresm Datal buttonwhich
will again display the * StreamData window. We cannow add and del ete streams, change datafor exising
streams, change the Impact Potentids for the components etc. and again dick the ‘Cdculate Indices’
button to see the results for the modified modd. In order to save the changes to the modd, the ‘ Save
option on the menu must be used.

Thus, we can make changes in the modd and see the effect on the pollution indices by
going back and forth in these windows. The *Exit’ button in the menu will quit the gpplication.

General Information:

The pollutionindex programiswritten using Visuad Basic 5.0. It uses Microsoft Access 97 asthe
database.
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