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Anroputm WAR (WASTE REDUCTION algorithm)

WAR anroputMm BpaxoBye WMOBIPHICTb PIi3HUX BMJMBIB Ha HaBKOSULLHE
cepenoBulle, MNOTEHUIMHUWA BMNMB Ha HaBKONULUHE cepenosuule (PEI), akumn
MOXYTb BUKITMKATK XiMiYHi p€4OBUHN, WO BUKOPUCTOBYIOTLCSH | BUPODAIOTLCA B
pe3ynbraTi XiMiYHOro npouecy. Peakuil, Ski nepeTBOpOTb XiMIYHI PEHOBUHU 3
MEHLU €EKOMOriYyHO WKiamMBMx B BiNbll €KOSOorivYHO LWKIigNuBi npu3BoasaTb OO0

36inbLUEHHS PEl, NOB'A3aHNX 3 MPOLIECOM.

WAR BBa)XaeTbCA OOQHOBUMMIPHMM MOKa3HMKA CTIMKOCTI, OCKISIbKX BiH po3rnagae

TINIbKW €KOSOTiYHI acnekTn XiMiYHOro npoLecy.



1VIIIVI DIIJIVIDID Fd FNRADRUJIVILLINMG
cepepoBuLle, AKI OLIHIOTbLCA

3aranbHa Kareropis

KaTemeBy

KaTeropisa ctyneHs

BNJIUBY BMNJIUBY
Ha nogen [TpoayKTn xap4vyBaHH4A JletanbHa go3a (50%)
— LD50
LLKipsaHnn nokpus/ OSHA
ANXanbHi LWAAXU
Ha npupoay 3abpyaHeHHs1 Boau JleTanbHa
KOHUeHTpauis — LC50
3abpyaHEHHS TPYHTY LD50
'rmo6anbHuUK BNNuB [mobanbHe noTenniHHSA GWP
Ha aTMocdepy BuCHaXeHHS1 030HOBOTO LUapy ODP
PerioHanbHuu KncnotHi goui AP
aTMocepHun BNIMB dopMyBaHHs CMOTY PCOP

OSHA — gonycTumi Mmexi BrnnuBy, BcTaHOBIeHi MiHICTEpPCTOM OXOPOHM 300pPOB’A

CLA.




MatemaTiyHa moaenbWAR

dlsyst ; : :
[ dt pm— IiTl_ Iout+ Igen

Inl
o ' EnvCat St;lefzfns Component (m)
Z Z Z a lpkl

Outlet

ZEnvCat ZStreams ZComponenta.M(Out)
i

] S
Iout j xk,jlpk,i

ne I ., BUp@XXa€e MOTCHIINHUN E€KOJIOTTYHHI BIUIMB BCEPEUHI Tpotiecy, [, MOoKasye CTYIIiHb
HOTGHHII/IHOFO BIUIMBY Ha BXOJl, / . TOKa3ye CTyMiHb MOTEHI[INHOTO BIUIMBY HA BUXOJI, &
TaKOXK [gen € CTYIIIHb , 3 IKUM BILJIUB YTBOpIOCTI:CH B CUCTEMI, B PE3yJIbTaTI XIMIYHUX PEaAKIiH.



[Mlporpamu onsa ouiHKU CTanocTI
XTC

BinbHe 13 (3a ctaHaapTom CAPE-OPEN):
 COFE (ver. 2.3.1);

* WAR GUI (ver. 1.0.17);

e Advanced Process Analysis System (ver. 1.0.0);

KomepuinHe [13:
* HYSYS 2006 + gPROMS + ENVOPExpert
* ChemCAD 6.3.1 + WAR Module;




® COFE - [HDA.fsd]
[g File Edit Insert Flowsheet Plot View JEGEEiS

DR @ U)o

[@ roafd
Flowsheet
& Settings

BukopucrtaHHa WAR B COFE

2P eE aan

[+ Mixers & Splitters
[+ TERNYP: Temary Plugin

wm Methan

Stream

Hydrogen

Methane fuel gas

Pressure

383

10

38

38.6688

79.7269

241.369

. .| Temperature

Flow rate

909.978

3287.95

196.091

123925

421.018

Mass frac Hydrogen 0.7 0.0926999 0.00832077 0 0

Mass frac Methane 0.3 0 0.844697 0.865015 0 0

Mass frac Benzene 0 0 0.0552264 0.126654 0.999938 3.27013e-011
Mass frac Toluene 0 1 0.00737562 1.01007e-005 6.23028e-005 0.0117736
Mass frac Biphenyl 0 0 1.59434e-006 0 0 0.988226

*| Log I‘_A Solved.Swamhgs]

Load a ﬁew ;ﬂ\dd-in




BukopucrtaHHa WAR B COFE

iz US Environmental Protection Agency - WAR Algorithm

File

| Units and Streams | Impact Weights I Results I

Avazilable Unit Operations Feed/Inlet Streams Outlet/Product Streams (Check Product Streams)

Mix Hydrogen [] purge gas

Main HEX Toluene [] Methane fuel gas
furnace || benzene

reactor ["] biphenyl
Reactor quench
Flash cooler

Flash

Split

Demethanizer
Benzene column
Toluene recovery
Recycle pump

Feed pump

| Recycle Compressor

KKK KKK KKK KK KKK

NOTE: Not all energy Ports are connected.

[v Consider Energy Flows Energy Type: v I” Include Product Streams




BukopucrtaHHa WAR B COFE

42 US Environmental Protection Agency - WAR Algorithm

File

..........................................

..........................................

Human Toxicity: Ingestion

Human Toxicity: Dermal/Inhalation

Aquatic Toxicity

Terrestrial Toxicity

Global Warming

Ozone depletion

Photochemical Oxidation

Acidification

l Results I

Low
==l
[10 = 2
S v
[1.0 = .
|
1.0 — W
—=F1] |
1.0 — Y
st
[10 = .
== |
[10 = L
ST |
[10 o .
o
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BukopucrtaHHa WAR B COFE

i2 US Environmental Protection Agency - WAR Algorithm

File
| Units and Streams ] Impact Weights Results I
Iout PEI/hour Iout PEI/kg Igen PEI/hour Igen PEI/kg Ie

©.328E+003 N/A -1.574E+004 N/A 0.
Individual impact categories

Total output rate of PEI (PEI/hour)
HTPI HTPE TTP ATP GWP ODP BC
1.48E+003 1.S%4E+002 1.48E+003 2.70E+002 1.65E+001 0.00E+000 248

Total PEI leaving the system per mass of products (PEI/kg product)
HTPI HTPE —C== Fer —CWD ODP PC
N N/A N/A N/A N/A

Total generation rate of PEI (PEI/hour)
HTPI HTPE TTP ATP GWP ODP
3.25E+002 1.89E+002 3.25E+002 9.63E+001 1.50E+001 0.00E+000

Total PEI genera ucts (PEI/kg product)
HTPI HTPE TTP ATP GWP ODP BC
N/A N/A N/A N/A N/A N/A N/

Output rate of PEI from energy usage (PEI/hour) =
HTPI HTPE TTP ATP GWP ODP BC
0.00E+000 0.00E+000 0.00E+000 0.00E+000 0.00E+000 0.00E+000 0.

<€

|~
| v




BukopucraHHa WAR GUI

WAste Reduction Algorithm
Graphical User Interface

Program for the reduction of waste in
chemical processes

from the Environmental Protection Agency




BukopucraHHa WAR GUI

£ WAR 1.0
File Options Help
O &=
Main screen 3EPA29"}.. Protacion

Step 1: Create new case history file or load saved case history
file

New case history file

Step 2: Add new case study orimport a case study from
ASPEN reportfile

Step 3: Editview case information (Optional)

Step 4: Edit?View Weighting Profile

Step b: View Results

Step b: Create and view results file

Yiew Results File Exit WAR
11




BukopuctaHHss WAR GUI

€3 WAR 1.0 - sample.WAR
File Help

ASPEN components screen

Instructions: double click on the red chemical name fields to selectthe desired chemicals

Note: If only one compound in the database matches the formula in the ASPEN file, the name and CAS # will be automatically filled in.

Aspen component list

D |Type | Formula | Name | ReportName | Chemical Name

NAPHT-01 C C10H8 C10H8 NAPHT-01 NAPHTHALENE

PHTHA-01 & CBH403 CBH403 PHTHA-01 PHTHALIC ANHYDRIDE

MALEI-01 B C4H203 C4H203 MALEI-01 MALEIC ANHYDRIDE

NAPHQ-02 & C10HBO2 C10HBO2 NAPHQ-02 e ——————————|
CARBO-01 C CO2 CO2 CARBO-01 CARBON DIOXIDE

CARBO-02 C CO CO CARBO-02 CARBON MONOXIDE

OXYGE-01 € 02 02 OXYGE-01 OXYGEN

NITRO-01 C N2 N2 NITRO-01 NITROGEN

WATER C H20 H20 WATER WATER

£% EP "dnited Szat93l
- 4 Environmental Protection | s
W Av-"qem:y Delete chemical Cancel Finish

4.7




BukopuctaHHss WAR GUI

€3 WAR 1.0 - sample.WAR
File Help

Look up formula screen

Aspen Component Descriptors

Chemicals with formula of C10HB0O2

D NAPHQ-02
Type <
Formula C10HBOZ
Name Cl0kE0 Name
Report Name NAPHQ-02
v Assign ASPEN ID to highlighted chemical in list above

Fe United States
- EPA Environmental Profection Add New Cancel QK
" Agency




BukopuctaHHss WAR GUI

€3 WAR 1.0 - sample.WAR
File Help

6oy gr?t:iﬂ;gl?%a;gsa Protection
Add from user data screen ‘.?EPA S | rolsci

Agency

Chemical Data

Name: NAPHQ-02 cagg [testl]

C10HBOZ 05

Formula: Molecular weight: gm/mol

Impact category data -
Impact Value MNormalized Score

Rat Oral LD50 (HTPl and TTP): mgkg

OSHA TWA PEL (HTPE): mg/m”3

Calculate
Fathead Minnow LC50 (ATP): maoy/L Scores

Global Warming Potential (GWP): c I
ance

Ozone Depletion Potential (ODP):

Add

Photochemical Oxidation Potential
(PCOPY:

Acidification Potential (AP):

14




BukopuctaHHss WAR GUI

£3 WAR 1.0 - sample.WAR

File Help
Impact weights screen
Potential Environmental Impact (Impact/kg) AL el L
Human Toxicity: Ingestion 1 low I__\Jl R high
Hurman Toxicity: Dermal/inhalation 1 '__l\ et
Aguatic Toxicity 1 ST S
2
N 1 S
Terrestrial Toxicity Bl
Global Warming 1 _'____l\ Lo
Default Values
Ozone depletion 1 S
|
Photochemical Oxidation 1 TR e Cancel
== 2
Acidification 1 B
N
il OK
5% ?:Ivﬁﬁr‘sr’\agg’\a Protection
SEPAR e
15




BukopuctaHHa WAR GUI

£ WAR 1.0 - sample.WAR

File Graph Help
. Fa United States
Results graph screen ‘.’EPA EnvionmentalProtecton
PEI| indexes per time PEI| Indexes per mass of product
15000 1.0
prry
10000 | g 0.5 | I I I
— 1 Ee
: g iR e M -
. 0l Yoy
o D05
= 5000 =
bt
: i 10
& -10000 ¢ :_:
E 150001 *i R
-20000 + g 201
-25000 I 2.5 i
lout lgen lout lgen
B unit300 i Unit 302 B unit300 i Unit 302
B Unit301 [ ] Aspend B Unit301 [ ] Aspend
*Impacts do NOT include the impact of product stream(s) and do include the impact of energy generation
. Backtomain |
A 16




BukopuctaHHss WAR GUI

£3 WAR 1.0 - sample.WAR

File Table Help

£ nited States

Results table screen ‘..’EPA gg:igg;ﬁm. Protaction

Total PEI indexes™
Case lout PEI/hr lout PEIfkg Igen PEIfhr Igen PEIkg | lenergy PEI/kg l lenergy PEI/kg
Unit 300 4.76BE+3 7.645E-1 -1.527E+4 -2.448E+0 1.702E+3 2.728E-1
Unit 301 B.733E+3 9.067E-1 -1.430E+4 -2.262E+0 1.814E+3 2.869E-1
Unit 302 5.342E+3 7.995E-1 -1.469E+4 -2.199E+0 1.919E+3 2.873E-1
Aspend 1.251E+4 INFA, -2.168E+4 N/A 0.000E+0 INFA,

*|mpacts do NOT include the impact of product stream(s) and do include the impact of energy generation

OK

17




BukopucrtaHHa WAR GUI

£ WAR 1.0 - sample.WAR - [C:\Program Files\WAR GUI\MyFiles\sample.txt]
File Edit ResultsFile Help

Results file screen

UN1T JU<Z 5.38ZEF3 /.995E-1L —1.309E+& —Z.199E+U L.919E+3 Z.TI3E-L A
Individual impact categories

Total output rate of PEI (PEI/hr)

Case HTPI HTEE TP ATP GWP ODP BCOP AP TOTAL
Unit 300 1.60E+02 1.26E+01 1.60E+02 7.36E+01 5.02E+01 5.24E-04 2.77E+03 1.54E+03 4.77E+03
Unit 301 9.80E+01 7.47E+00 9.80E+01 7.63E+01 5.34E+01 5.58E-04 3.76E+03 1.64E+03 5.73E+03
Unit 302 g8.06E+01 5.78E+00 8.06E+01 7.97E+01 5.64E+01 5.91E-04 3.30E+03 1.74E+03 5.34E+03

Total PEI leaving the system per mass of products (PEI/kg product)

Case HTPI HTPE TTP ATP GWP ODP PCOP AP TOTAL

Unit 300 2.57E-02 2.02E-03 2.57E-02 1.18E-02 g.05E-03 8.40E-08 4.44E-01 2.47E-01 7.65E-01
Unit 301 1.55E-02 1.18E-03 1.55E-02 1.21E-02 £.44E-03 8.83E-08 5.94E-01 2.60E-01 9.07E-01
Unit 302 1.21E-02 8.65E-04 l2liala R Sl 4,94E-01 2.60E-01 7.99E-01

m;ate of PEI (PEI/hr)

Case HTPI HTPE ITP ATP GWP CDP PCOP AP TOTAL

Unit 300 1.680E+02 1.11E+01 1.60E+02 7.36E+01 5.02E+01 5.24E-04 -1.73E+04 1.54E+03 -1.53E+04

Unit 301 9.80E+01 5.99E+00 9.80E+01 7.63E+01 5.34E+01 5.58E-04 -1.63E+04 1.64E+03 -1.43E+04
=1 =1

Unit 302 .06E+01 4,.30E+00 .06E+01 7.97E+01 5.64E+01 5.91E-04 -1.67E+04 1.74E+03 -1.47E+04

;EEEI‘TEi-gengggggd within a system per mass of products (PEI/kg product)

Case HTPI HIrE IIp ATP GWP o))z === AP TOTAL

Unit 300 2.57E-02 1.79E-03 2.57E-02 1.18E-02 2.05E-03 g.40E-08 -2.77E+00 2.47E-01 -2.45E+00

Unit 301 1.55E-02 9.47E-04 1.55E-02 1.21E-02 £.44E-03 8.83E-08 -2.57E+00 2.&0E-01 -2.26E+00

Unit 302 1.21E-02 €.43E-04 1.21E-02 1.19E-02 g8.44E-03 8.84E-08 -2.50E+00 2.60E-01 -2.20E+00 v

Fe EPA United States :
- Environmental Protection
W Agency Close




BukopucrtaHHa WAR B Advanced
Process Analysis System

B Advanced Process Analysis System

File Process Help

6:\pfogram files\advanced proéess 'anatys'is éystem\temb\untitled.ioo 1272112011 | 10:19 AM




BukopuctaHHa WAR B Advanced Process Analysis System

.. Pollution Index Program - [Process]

B3+ Process Help - Y X
Stream List Variables
Name |Description -
ig;;m bhime I;Tg' LELLE IITn'l"puet FAC34  Total Mass Flowrate |
ACE5 018 Nore sl 1 Ropss (oo bwle
— FC308 Mass Flowrate
Eggg B FC316  Total Mass Flowrate
: ﬂ FC320 REGEREESIATEE
FC322  Total Mass Flowrate Ll
Update Stream Delete Stream _l_j‘ _’]
Information
Yalue = 0.04588
Stream Name |C32D
- search  |Variables v
Specify ¢~ Flowrates of - Mass/Mole Fractions I _I
Components for Components
Show

Components Data Component Name| Mass/Mole Fraction -~ " data only for the current stream

13 gggf;}j ] & alldata

4 0.09674

5 0.00534 _'_I

Load Data into Total Flow rate for stream

Total Flowrate 0.0415

Stream Type |Product _v_l

Load Data into Mass/Mole Fraction for Component

Proceed

2(




BukopuctaHHa WAR B Advanced Process Analysis System

?. Pollution Index Program - [Components]

Process Help

Choose Component ! » Relative Weighting Factors (R.W.F.)
12 -
2
3 b Impact Type I R.\w.F. -
Acidification 1
Ecatoxicity Effect(aquatic) 1 s
Specific Environmental Impact Potentials { S.E.I.P)  |coe HectTenssis) 1
Human Toxicity E ffect(ir) 1 _:J
For Component 11 :
Impact Type | SELP
Acidification 0
Ecotoxicity Effect{&quatic) 0.017 Calculate Indices
Ecoxicity Effect(T errestrial) 0.164
Greenhouse Enhancement 0
Human Toxicity Effect(ir) 0.295
Human Toxicity Effect(Soil) 0.164 Back to Stream Data
Human Toxicity Effect[\w ater) 0.164
Ozone Depletion 0
Photochemical Oxidant Formation | 0

21



BukopuctaHHa WAR B Advanced Process Analysis System

% Pollution Index Program - [Index Calculations]

Process Help

Indices based on Generation of
Potential Environmental Impact

Total rate of Impact Generation

|-4.?98559?B1U Impact/ Time Help |

Specific Impact Generation

_Heb |
-3.4584506234 Impact / Product

Rate of Generation of
Pollutants per unit product

|-U.8?42521144 Mass Pollutants /

Mass of products

Help |

Indices based on Emission of
Potential Environmental Impact

Total rate of Impact Emission

| ; Hel |
1.03366351366 Impact/ Time elp

Specific Impact Emission

Help |
|U. 74523385338 Impact/ Praduct
Rate of Emission of
Pollutants per unit product
Help |

|D.1153B43?115 Mass Pollutants /

Mass of products

Show WAR algorithm

Back to Stream Data

22



BukopuctaHHAa WAR B Advanced Process Analysis System

.. Pollution Index Program

Process Help

Waste Reduction Algorithm

The Pollution Index of a stream is a
measure of its potential environmental
impact.

Stream name [ Pollution Index  «
AC02 0.808175705812 _J
AC45 1.03366381366
C320 0
C328 0
c407 0
C413 0

|

Note: All product streams have a
pollution index of zero.

The Waste Reduction Algorithm:

Identify the streams with high pollution index.

Identify the process units from which these
streams originate.

Carry out sensitivity analysis i.e. determine the
variables which significantly affect the
performance characteristics of that process unit.

Manipulate these variables to minimize the
pollution index values. This is a nonlinear
optimization problem.

Apply any heuristic rules if necessary to solve
the waste minimization problem.

Back |

23



BukopuctaHHA WAR B HYSYS 2006 + gPROMS + ENVOPExpert

3 CG2HYSYS HOY

He £ few Fa

XML OOKYMEHT

teonantins | - @ -

<7xml version="1.0" 7>
- <CaseDefinition>
- <CaseDescription>

<DocumentType>HYSYS XML</DocumentType>
<XmiRecallversion>2.0</XmiRecallversion>
<CaseAuthor>HYSYS va.1</CaseAuthor>
<BuildNumber>4815</Buildhumber>
<CaseName>HC</CaseName>
<Casehode>SteadyState</Casehode>

Wed Aug 101 12 2005</GenerationDate:

- <Companentlist OwnerTypes:

<Value>Component List - 1</Value>
<Status>Specified</Status>
</Componentisthiame>

- <Componantlistiizme OwnerType="FluidPkgMgrobject’ Owneriare:

Components OwnerTy
ompanent OwnerType:

Process graph
(P-graph)

Typ

- <Comp e OwnerType='
<Value>Methane</Value>
<Status>Specified</Status>

</Componenthame>

- <CompanentType OwnerType="FluldPkgMgrobject’ OwnerName=" Type="Param" [

<value>PureCompObject</Value>
<Status>Specified</5tatus>
</ComponentType>
</Component>

- <Component OwnerType="FluidPkgMgrobject’ Ownertlame=" Type="Paramset">

€] Dore.
£ Microsoft Excel - Hysys Portable 3 =18
‘B) Fle Edt Vew Inset Fomat Tools Data Window Type aquestionfechel » - & X
BEH2A/E%09-8 x4 BN il 0B EEEA-B
;%%@!
f;‘.

] ] ) e .|
g m
o sy
4
5|
16 |
%. Establish Connection G2- Hvsvs
|
_UCnmponem Status PEI In/Out Stream | Status Cost
111 Mathana useful 0.0408 HC-feed feed 0

useful 0.1735 Waterin utility 0.25

useful 0.8528 HC-product product 25 Propane
14 i-Butane useful 1472 HC-waste waste 0 i-Butane
£ -Butane useful 1.269 Water-out utility 0 n-Butane
18 Pentane useful 1419 E-Comp energy 0.06 i-Pentane

e a
MaTtepianbHi NOTOKWY, IX CKnag,
.
BAPTICTb Ta BIJ1IMB Ha
HaBKOJULLIHE cepeaoBULLIE

BRI

| A

L

Waste Minimization Solution for REACTOR

{ | HEAT-REACTOCR more sfisctively nside REACTOR fo fully convert uselu materal

2 | Use sltamative separalion tachnoiogy to avaid useful materel besoming waste

3 | Use further separaton process aker SETTLE-REACTOR CONTENT in REACTOR 1o avold usshil metarial from becoming waste

Improve the design. operation and control of REACTOR for more éfisotive separation

5 | Change from homogeneous calalyst to haleroganeous typs

6 | Cptimize the cperating conditions, feed addiion and dstrbuticn and mixing %o avord ussiul materiel from beoeming waste

7 | Change the catalyst to avaid forming useless matenel

8 | Consker using reaction-agent 1o surpress fonring ussless materal

Q | Consider aflzmative procsss chemistry to avod joming usaless material

EBpUCTUYHMIM NOLYK

I —

piLLEeHHS

| ok | Ay [




EBPUCTUYHMN NOLWIYK pPilLEHHS

JlorivHi (akwo-To (if-then)) npaBuna gna MiHiMi3auil WKIOIMBUX BUKMAIB Nig vYac

BMpObHMLTBA.

IF (a>xepeno)

THEN (piLueHHA)

KopucHI pedoBUHK B NOTOL Biaxoais

HenoTpibHi pe4yoBUHM y BXiOAHOMY
NOTOLI

KOpUCHI peHoBUHN 3 HU3bKNM
CTyneHeMm pereHepadii

BupobneHnn npoayKT ABNSIETLCSA
HernoTpPibHMM

[1OoTpiBHI pe4oBMHKM Y BXiGHOMY
NOTOLL BBEOEHHS

HeeAEISTiRHIA MRHKE P PRAIBEHEAN

[ToBTOpHa Nnepepobka/peumpKynsuis

OunLeHHs
36inbLUEHHS peakLUil NepeTBOPEHHS
BcTaHOBNEHHS onTuMarnbHUX YMOB

peakuil abo 3miHa XiMiYHOro npouecy

3MEeHLLUEeHHs nogaYi CUPOBUHU

E® lnatises it MR BARPBIRO pUCTOBY 10T

bCAH

B Nporpami-cumynsaTtopi



BUCHOBKW/

* PosrnanyTa MOXXJTUBICTb BUKOPUCTAHHA
OCHOBHUX CUMYNATOPIB AONS OUIHIOBAHHA
ctanocTi XTC;

 [1na ouiHOBaHHSA CTanocTi BUKOPUCTOBYHOTbLCH
iHOekcn 3a EPA  (AreHTCTBO  OXOPOHWU
HaBkonuwHboro cepeposuwa CLUA) Ta
anropntm WAR (Waste Reduction algorythm);



HAKyro 3a yBary!



