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Background

Some water uses 1n refinery

= Caustic treatment
= Distillation
= Sweetening

= Desalting

1. http://pubs.usgs.gov/circ/2004/circ1268 /htdocs/ text-in.html




Background

Traditionally

Only fresh water feed sources q Uﬂlt 1 ﬁ

No recycle

Collected into a sink .
Unit-2

Disposed after clean up
é Unit-3 é

1. Koppol, A.P., ¢ al. Adv. in Env. Res., V(8), 2003, 151-171.




Background

Recently
e Water reuse
* Minimal or zero discharge

* Minimizing Cost

Reasons

* Stricter EPA regulations
* Water scarcity

* Purchase Cost

Koppol, A.P., ¢t al. Adv. in Env. Res., V(8), 2003, 151-171.
Image -- http://en.wikipedia.org/wiki/Image:Water_pollution.jpg




Project Goals

Reduce

1. Fresh water intake

2. 'Total operation cost

. Optimizing Waste water treatment
*  Minimizing Total discharge

* Maximizing Water reuse




Project Goals

e In other words, we want to change this:
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Project Goals

In other words, we want to change this: é Unit-1 é
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Project Goals

* In other words, we want to change this: é Unit-1 ﬁ

to this:
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Unit Operations

Six Units:

= 1: Caustic Treating
= 2: Distillation
: Amine Sweetening
: Merox I Sweetening
: Hydrotreating
: Desalting




Unit Operations

Six Units:

= 1: Caustic Treating

Water stream
with NaOH

Treated Light Crude

Absorption

Light Crude

Water Stream with NaO
H2S, Ammonia, & Organics

Caustic Treating PFD

Figure - http://www.pall.com/chemical_5582.asp




Six Units: o

Partial Condenser

Lightest fractions have the lowest
boiling points and continue to rise

| 2 : D 1 S tlllatlo n through trays to top of column
Butane and Lighter >

where they are drawn off.
Gas Processing/Recovery
Isomerization

Water Stream

Straight Run Gasoline 1
Motor Gasoline Blending

EZ

TEZAT

;{ \é \\/ Steam & Light
QR Component

X
D)

Bubble Caps

_54\\

Naphtha s
Catalytic Reforming

=1

Liquid Downflow

Y Kerosene mm
Ef\\ﬁf\\\ff\\\'fﬂ\\ Hydrotreating
Y /aY/ava) Middle Distillate
Fuel Blending

(| |

Strippef

Light Gas Oil = Side Stream with
Distillate Fuel Blending Light/Heavy
FURNACE Catalytic Cracking components
Thermal Cracking

Heavy Gas Oil m»
Catalytic Cracking
Thermal Cracking

AN
DESALTED AV

CRUDE OIL NN
e Straight Run Residue mw»

Vacuum Distillation
Thermal Cracking
Coking

Refined Heavy
Component

http:/ /www.cluin.org/download/toolkit/petrefsn.pdf




Unit Operations

Six Units:

= 3: Amine Sweetening
4: Merox I Sweetening

Amine or
Merox -1

Amine or Merox -1
With Absorbed Acid gases

Absorption Unit

Stripping Unit

Sour Feed Amine or
Merox -1

Sweetening

1 - http:/ /www.newpointgas.com/amine_treating.php




Six Units:

Unit Operations

= 5: Hydrotreating

Hydrogen Stream

N

v

Liquid Crude I\

Hydrogen recycle

ssurized Reactor

High Pressure Separator

=

Heater

Hydro treating PFD

T

Sour gas

1- http:/ /www.hghouston.com/refining.html

T'o amine unit

Partial Condenser

Reflux Drum

Stripping Unit

—

Water Stream

Refined liquid crude




Unit Operations

Six Units:

= (: Desalting

Desalted
K Crude
4,< Gravity Settler >—>
=]
Heater </\Wate@
N

\/

Desalting

1- http:/ /www.hghouston.com/refining.html



Each unit has an
inherent values

* C

1n,max

* C

out,max

e Mass [.oad

From: Koppol, A.P., ¢ al. Adv. in
Env. Res., V(8), 2003, 151-171.

Unit Operations

Process

Caustic Treating

Distillation

Amine Sweetening

Merox I Sweetening

Hydrotreating

Desalter

Cin,max

(ppm)

Contaminant

Salts
Organics
H,S

Ammonia

Salts
Organics
H,S

Ammonia

Salts
Organics
H,S

Ammonia

Salts
Organics
st

Ammonia

Salts
Organics
H,S

Ammonia

Salts
Organics
H,S

Ammonia

Cout,max

(ppm)

Mass Load
(kg/h)




Unit Operations

Each unit has an Forocess Frrocess

inherent values Process Stream

c C

1n,max

. C F\W ATER F WATER

out,max
Extraction Stream Extraction Stream

Cout, max

e Mass [.oad




Water Treatment

TABLE Il, EFFECTIVENESS OF WATER PURIFICATION PROCESSES

Treatment

Types of contaminants

Process &
Technology

Suspended
Solids

Dissolved |Dissolved |Micro-
Organics |lonics organisms
(salts)

Filtration:

Bed filtration

Very effective

NA NA NA

NA

Cartfridge
filtration

Very effective

NA NA NA

NA

| Bag filtration

Very effective

NA NA NA

NA

Precoat (DE)

Very effective

Partially NA NA
effective

NA

TABLE 1. WATER CONTAMINANTS

Adsorption:

Class

Typical examples

Activated
carbon

NR

Very NA NA
effective

Partially
effective

Suspended
solids

Dirt, clay, silt, dust,
insoluble metal ox-
ides and hydroxides,
colloidal materials

Membrane techno

logies:

Microfiltration

Very effective

NA NA Partially

effective

NA

Ultrdfiltration

NR

Very NA Effective

effective

NA

Dissolved
organics

Trihalomethanes,
synthetic organic
chemicals, humic
acids, fulvic acids

Nanofiltration

NR

Very Effective |Very
effective effective

NA

Reverse Osmosis

NR

Very Very Very
effective effective |effective

NA

Thermal technolog

ies:

Dissolved
ionics (salts)

Heavy metals, sil-
ica, arsenic, nitrates,
chlorides, carbon-
ates

Distillation

NR

Partially Very Very
effective effective |effective

Freezing

NR

NA Very NR
effective

Microorganisms

Bacteriq, viruses,
protozoan cysts,
fungi, algae, molds,
yeast cells

Electrical technolo

ies:

Electrodialysis

NA

NA Effective |NA

Electrode-
ionization

NA

NR Effective |NR

Chemical technologies:

Hydrogen sulfide,
carbon dioxide,
methane, radon

lon exchange

NR

NA Very NA
effective

Ozonation

NA

Partially Partially Very
effective effective |effective

Use of chlorine
compounds

NA NA Effective

Irradiation:

Ultraviolet

NA

Partially NA Effective

effective

NA= not applicable NR= not recommended (not cost effective)

Tables - Cartwright, Peter. Process Water Treatment — Challenges and Solutions. Chemical Engineering Magazine. March 20006.




Water Treatment

Three options for treatment’

Option 1: API separator followed by ACA
2. Option 2: Reverse Osmosis Treatment

Option 3: Chevron waste water treatment

1. Koppol, A.P., ¢ al. Adv. in Env. Res., V(8), 2003, 151-171.




Water Treatment

. Option 1: API separator

f OHO e d b AC A Diffusion  Optlonal Conveyor Optional Surface Underflow
C\’ y Wall -, Vapor Cover—,  Direction—,  Skimmer —, Baffie ==
N ' \ \,  Optional \

W A "\
y  Pipe Skimmer — \_\.

= Reduces Organics to 50 ppm
)

- $0.12 per ton " oropoonal Scew Conveyor  Comveyor—

1. http://www.monroeenvironmental.com/ clarifier-api-
separator.htm
2. Koppol, A.P., ¢t al. Adv. in Env. Res., V(8), 2003, 151-171.




Water Treatment

] Option 1: API separator
followed by ACA

Source for Figure 1 and 2: Water Quality Aszan.
72777 //,,,;, head
_ / ///"ﬁsa

— Filter
outlet

Seal
ring

-—— Filter
body

Anthracite

coal
Filter

Sand : -. element
(cartridge)

Garnet

FIGURE 2. Cartridge filters can be fab-

FIGURE 1. Bed filters are effective for ) . ! -
ricated in any of several configurations

removing suspended solids from water

Figures - Cartwright, Peter. Process Water Treatment — Challenges and Solutions. Chemical Engineering Magazine. March 20006.




Water Treatment

Option 2: Reverse Osmosis
Treatment

= Reduces Salts to 20 ppm
= $0.56 per ton

http:/ /www.aquatechnology.net/commercialro.html
http://ag.atizona.edu/region9wq/pdf/nv_ROhow.pdf




Water Treatment

Option 2: Reverse Osmosis
Treatment

= Reduces Salts to 20 ppm
= $0.56 per ton

where
= “J” - Volumetric flux across membrane

“k” — permeability
“A” — flux area

“AP” — Pressure drop
“E” — viscosity

http:/ /www.aquatechnology.net/commercialro.html TR membrane thickness
http://ag.atizona.edu/region9wq/pdf/nv_ROhow.pdf




Water Treatment

Option 3: Chevron waste

Watef Tre atm ent I Partial Condenser

Hydrogen Sulfide Stream Ammonia Stream

Reduces H,S j
to 5 pPpm Water feed (

—

Reduces Hydrone

Ammonia to

30 ppm

$1.00 per ton

Partial Reboiler Partial'Reboiler  Stripped water
Chevron Waste Water Treatment PFD v

http:/ /www.chevron.com/products/prodserv/refiningtechnology/waste_wtt_treat_6a.shtm




Unit Operations

o
—

Assumptions
: |
1. Parallel Operation

[2] g Unit-1 e
2. Outlets from a unit may be splitand  __f J

fed to any unit L |
) Outlets can be combined, treated, .4L.>
= \

and recycled OR

Outlets can be treated separately ‘ 1

and recycled
.1
|

4. No water loss during treatment

|
a-T-




GAMS Model

* The Backbone of the Program

Set u water using units / 1%6 /
w freshwater soutce / 1/
s wastewater sink / 1/
¢ Contaminant / 1*%4 /;
Alias(u,ua);

Parameters
CEFW(w) Cost of freshwater in § per ton
/1 .32/

CWW(s) Cost of wastewater treatment § per ton
/1 1.68 /;

Table ConlFW(w,c) Freshwater source concentration in ppm
1 2 3 4
1 0 O 0 G0




GAMS Model

* The Backbone of the Program

Table Cinmax(u,c) maximum inlet concentration in the units in ppm

1 2 3 4

300 50 5000 1500

10 1 0 0

10 1 0 0

100 200 50 1000

85 200 300 200

1000 1000 150 200,

Table Coutmax(u,c) maximum outlet concentration in the units in ppm

1 2 3 4

500 500 11000 3000
200 4000 500 1000
1000 3500 2000 3500
400 6000 2000 3500
350 1800 6500 1000
9500 6500 450  400;

Table ConWW(s,c) Concentration limits at the sink in ppm
1 2 3 4
1 10000000000 10000000000 10000000000 10000000000,



GAMS Model

* The Backbone of the Program

Table ML(u,c) Mass Load (transfered to water at unit) in g per hour

1 Z 3 4

180 1200 750 100

3610 100000 250 800

600 30000 1500 1000

2000 60000 800 1000

3800 45000 1100 2000

120000 480000 1500 O,

Variable
FW (w,u) Flowrates between freshwater sources and units in ton per hour

F(u,u) Flowrates between units in ton per hour

FS(u,s) Flowrates between units and sinks in ton per hour
Cout(u,c)  Outlet concentration in the units in ppm

Cost Cost in $Mil per year

Consu Consumption in ton per hour;

Positive variable FW,F,ES,Cout;




GAMS Model

* The Backbone of the Program

Equations
waterbalance(u) Balance of water
inlet(u,c) Limit of inlet concentration of the units
outlet(u,c) Calculation of outlet concentration of the units
maxout(u,c) Limit of outlet concentration of the units
sink(s,c) Limit of inlet concentration of the sinks
ObjCost Objective function that minimizes cost
ObjConsu Objective function that minimizes cosumption
**Linear - Starting points
inletl(u,c) Limit of inlet concentration of the units
outletl(u,c) Calculation of outlet concentration of the units
maxoutl(u,c) Limit of outlet concentration of the units;

waterbalance(u) ..sum(w,FW(w,u))+sum(ua,F(ua,u))=e=sum(ua,F(u,ua))+sum(s,FS(u,s));
inlet(u,c) + .sum(w,FW (w,u)*ConFW (w,c))+sum(ua,F (ua,u)*Cout(ua,c))=L=(sum(ua,F(u,ua)) +sum(s,FS (u,s)))*Cinmax(u,c);
outlet(u,c) + sum (w, FW/(w,u) *ConFW (w,c))+sum(ua,F (ua,u)*Cout(ua,c)) *ML(u,c) =E=(sum (ua,F(u,ua)) +sum(s,FS (u,s)) *Cout(u,c);
maxout(u,c) ..Cout(u,c)=L=Coutmax(u,c);

sink(s,c) ..sum(u,FS(u,s)*(Cout(u,c)-ConWW(s,c)))=L=0;




GAMS Model

* The Backbone of the Program

ObjCost ..Cost=e=(sum(w,sum(u,FW(w,u))*cfw(w))+sum(s,sum(u,FS(u,s)) *cww(s)))*0.008760;
*This cost assumes constant operation
*The "*0.008760" term comes from 8760 hours opperated per year and divided by 1EG to get units
ot millions of dollars
ObjConsu ..Consu=e=sum(w,sum(u,FW(w,u)));

inletl(u,c) + osum (w,FW (w,u)*ConFW (w,c))+sum(ua,F (ua,u)*Coutmasx(ua,c))=L=(sum (ua,F (u,ua))+sum(s,FS(u,s)))*Cinmax(u,c);
Outletl (U.,C) « o sum(w,EW(w,u) *ConFW (w,c)) +sum(ua,F (ua,u) *Coutmax(ua,c)) + ML (u,c) =E=(sum(ua,F (u,ua)) +sum(s,FS(u,s))) *Coutmax(u,c);

maxoutl(u,c) ..Cout(u,c)=e=Coutmax(u,c);

MODEL Reuse / waterbalance,inlet,outletmaxout,sink,ObjCost,ObjConsu/;
MODEL Statt / waterbalance,inletl,outletl maxoutl,ObjCost,ObjConsu/;
*SOLVE Start using MIP minimizing cost;

SOLVE Start using MIP minimizing consu;

*SOLVE Reuse using MINLP minimizing cost;

SOLVE Reuse using MINLP minimizing consu;

DISPLAY Cost.l,Consu.l, FW.LF.L,FS.1,Cout.l;




GAMS Model

In other words...

 Amount of freshwater was calculated
= Amount of waste water was calculated and checked to assure
2 zero mass balance
The cost of fresh water and treatment was calculated as the total
cost
The program minimizes either the total cost or freshwater
required
= First estimates solution by solving the problem linearly
= Then uses a non-linear algorithm to find a solution
= The initial linear guess is necessary because of nature of
nonlinear systems




GAMS Model

Important Equations

® waterbalance(u) ..sum(w,FW(w,u))+sum(ua,F(ua,u))=e=sum(ua,F(u,ua))+sum(s,FS(u,s));

ZFWN,U-l_ZFUj,Ui :ZFUi,Uj-l_ZFSJ,S

Water balance around each unit

“FW” = Flow rate of streams from fresh water to units
“F” = Flow rate of streams between units

“FS” = Flow rate of streams from units to sinks

“>’v’’ =2 Fresh water source

“s” 2 Waste water sink

€C__2> «¢

u”’, “u.”’, and “uj” —> Any unit




GAMS Model

Important Equations

® 1nlet(u,c)
.sum(w,FW (w,u)*ConFW (w,c)) +sum(ua,F(ua,u)*Cout(ua,c))=L=(sum(ua,F(u,ua)) +sum(s,
FS(u,s)))*Cinmax(u,c);

Z(F\MVUXCW C) + Z(FUj,Ui XCUj,C) < (Z Fuu+ Z FS“,S) xCliJ:ﬁ,max

= Sets the mixed inlet concentration of a contaminant less than
its allowed maximum
= “C” 2 Concentration




GAMS Model

Important Equations

® outlet(u,c)
.sum(w,FW (w,u)*ConFW (w,c)) +sum(ua,F(ua,u)*Cout(ua,c)) + ML(u,c)=E=(sum(ua,F(u,ua
))+sum(s,FS(u,s)))*Cout(u,c);

2

w

(FWVUXC:WC) +Z(Fu,ui xCuc) + MLy, c= (ZFU,Uj +ZFS|i,s)XCSUt
4 u s

= Finds the outlet concentration of a contaminant once it has
picked up a mass load in a unit

= “MI.’ 2 Mass LLoad



GAMS Model

Important Equations

® maxout(u,c) ..Cout(u,c)=L=Coutmax(u,c);

out out,max
Co < C¢

= Sets each outlet concentration from a unit to less than or

equal to the allowed maximum




GAMS Model

Important Equations

®  sink(s,c) ..sum(u,FS(u,s)*(Cout(u,c)-ConWW(s,c)))=L=0;

Z (Fu SX(CU,C -Cs, c)) 0

S

= Sets the concentration of contaminants going to a sink to not
exceed the limits allowed at the sink




GAMS Model

Important Equations

®  ObjCost
..Cost=e=(sum(w,sum(u,FW(w,u))*ctw(w))+sum(s,sum(u,FS(u,s))*cww(s)))*0.0
08760;

Cost = (O (FWhw.uxPu) + > (FWu,sx Ps)) x 0.00876C

Determines the total cost of a given setup
P_ = Price of purchasing fresh water
P_—> Price of treating waste water

Multiplied by 0.008760 to convert from $/hr to $Mil/yr




GAMS Model

Important Equations

® ObjConsu ..Consu=e=sum(w,sum(u,FW(w,u)));

Consu =) » FW,.

= (Calculates the fresh water requirement ot a setup




GAMS Model

e The maximum number of
streams available are
shown schematically as:




GAMS Model

. CoustiC |
* And the results of the 5 _J_'
GAMS model minimizing

consumption are: I e

Amine
Sweetening
System

[8.239] A Metoxl ) 53757

Sweetening
System
N
24.959 I rotreati
ste

o- co
End

29.947 Pipe

\T'reatment,




GAMS Model

* Result (all flowrates in ton/hout) EECI. WM

Destination
. IM1S Hydr. Sink Sum from Source ' Distillation
Fresh Water Source . . 8.239¢ 24.959 . n/a . System
Caustic Treating 1.815¢ 0.057 . 0
Distillation 0.29 . 21.715
Amine Sweetening . . 0
Merox | Sweetening 10.345 . o557 Sweetening
||Hydrotreating . . . 0  System
[[Desalting 87.273
Sum to Destination . . . . . 119.333

Merox-I

Q

System

Destination
. [M1S Hydr.

8.388: 24.445 ! g
1.645: 0.775 . R i [(87273])

0.312

NS

MN|loiocioioioioinx

Fresh Water Source
Caustic Treating
Distillation

Amine Sweetening
Merox | Sweetening
||Hydrotreating
[[Desalting

Sum to Destination

N

* Very similar for the most part
*  Only significant differences are that Fy ;, F, |, F; |, and F; jate all
zero in the published results

. Koppol, A.P.gtal. Adv. in Env. Res., V(8), 2003, 151-171.




GAMS Model Problems

* Minimum flowrates
= Very low flowrates may be physically unrealizable
= As an example, a minimum of 0.1 ton per hour is set

* One possible solution is use of a binary marker Y, .

e Set so that Yi’i*F . < Fi’iSYi,i*F

min max

= If F;sF ., the model should automatically set Y;; to
zero and reset F;; to zero

= Maximum must be included as well so that Y;; isn’t
always zero

= I is an arbitrarily large number




GAMS Model Problems

Binary Marker, Y,
* Using this marker works fundamentally

Destination

)

c
5 [Amine Swestening

'Sum to Destination 478! 25! 8571 10.345; 83.425] 83.325] 122.742

However, the solver did not guarantee the solution to be the
absolute optimum in this case

Solution still 1s very close to previous results
= Consumption = 122.761 ton/hr, Cost = $Mil 2.151 /yr




GAMS Model Problems

Binary Marker, Y,
* Results can be compared to published results

Fresh Warer Sotrce |
Caustic Treating__|
Distllaon____|

478} i 8571 10.345} 83.425] 83.325} 122.742

e Published Results:

Caustc Treating |
Distllaon |
Amine Sweetering |
Merox | Sweetening |

Hydrotreating
Desalting

25 8.571i 10.345! 25.22i 87.269:




GAMS Model Problems

* Minimum flowrates
= Using a binary marker uses very many resources

Thus, a different process may be desired
* An alternate solution is to set individual flowrates less than the

minimum to zZero

-|

Fresh Water Source : v 8571 8.239: 24 959

Caustic Treating : : 057, . s
Distillation : g = F3 1 — 0025 —> F3 1 — O
Merox | Sweetening

Hydrotreating

SV T o' n' a" a" =
* If another flowrate is less than the minimum after doing this, it is

set to zero also
This process 1s repeated until none are below the minimum

Six different combinations of streams set to zero meet the

minimum flowrate standards




GAMS Model Problems

Ca I
* New Results (flowrates in ton per hour) 3| _ﬂ_l

|
System
Before:

Sweetening
System

5239 R | 10.345
 —

" el
Distillation '

Amine Sweetening |
[Merox | Sweetening |

Desalting

Sum to Destination { 8.571i 10.344i 28.125{ 87.273!




GAMS Model Problems

* New Results (flowrates in ton per hour) : g_l

Distillation ¢ 21715

= After: __

B Amine
Sweetening
System

* All flowrates are now greater than the i
arbitrary minimum (0.1) e

Fresh Water Source . , ;
N
Cgu.stlc. Treating 0 . . Desalting E; :
Distillation . . System
. N\

\['reatment

Amine Sweetening

Merox | Sweetening
Hydrotreating

Desalting

Sum to Destination

* Fresh water requirements do not change
by use of minimum flowrates




GAMS Model Problems

| -
* New Results (flowrates in ton per hour) 7 Sl

Distillation ¢ 21715
System

Destination
M1S Hydr. [Desalt [Sink [[Sum from Source [ Amine
[[Fresh water Source . 8.388! 24.445i 50.518 Swse;'t:,"g

[lcaustic Treating . 1.645] 0.775 0 =
< [Distillation 0.312 2.974 :
2lamine Sweetening 8.571 . . _ Migardl
© |[Merox | Sweetening 0i 10.345| . System
[[Hydrotreating 25.21 0|| —
[[Desalting 0i 87.273

Sum to Destination 87.273 Hydrotreatii)

System

Desalting
System

Destination
M1S Hydr. |Desalt [Sink [[Sum from Source
8.388{ 24.445i 50.518in/a ||
1.645; 0.775 0 ol
0.312 0i 297i 21718
0i 8571 ol
0 0i 10.345|
0
0

N

[[Fresh water Source
||Caustic Treating
< [[Distillation
2|lAmine Sweetening
© ||Merox | Sweetening
||Hydrotreating
[[Desalting

Sum to Destination

25.21
0

25.22; 87.269

Mloiciocioioioin

N




GAMS Model Robustness

e The GAMS model can be used to test
other scenarios
e Scenatrio 1;

= The Amine sweetening unit (unit 3) is
aging early and another has been ordered
to replace it; unfortunately, the unit will
not arrive and be in operation for another
year. A consequence of the early aging of
the unit is that it can only handle C; .
one fifth of its previous operation
capacity, the C are cut in half and the

out,max

mass loads triples.

Desal
2 8.5

Causic Treaing |
Distilaton |
Amine Sweetening |
Merox | Sweetening |

i 8.571i 10.345i 26.591i 43.636i 87.827




GAMS Model Robustness

A more valuable check of robustness
is to fix the streams between units as
either existent or non-existent once an

initial minimization is run
The mass load can then be changed to

test that new solutions are reasonable

=|
_-_'

Distillation
System

" Amine
Sweetening
System

Merox-I
Sweetening
System




GAMS Model Robustness

* New Scenario:
= Mass loads double, network fixed

e [Initial Results:

2 a

Hydrotreating

Desalting

Sum to Destination .901i 25}

= Cost = §Mil 2.144 / yr
= Consumption = 122.357 ton/hr

33.417

Distillation 24.283

System

4.413

Sweetening
System

Hydrotreating:
System
83.316 Desalting
System 83.316

Merox-I
S | 10.345




GAMS Model Robustness

e New Scenatio:
= Mass loads double, network fixed

System

17.143

 Final Results:

19.655 Merox-I

" " S tenis
Destination weetening
NN

System
\,
1555 5

:

Hydrotreating
Desalting i i i i i : .

50! 17.143] 20.689] 166.85! 166.65! 244.671

= Cost = §Mil 4.287 / yr
= Consumption = 244.67 ton/hr




GAMS Model Robustness

* Other modes of the GAMS program can be used find
solutions that:;




GAMS Model Robustness

* Other modes of the GAMS program can be used find
solutions that:;
= Minimize cost

Fresh Water Source . 8.5 . /a

Causic Treating |
Distilaton |
Merox | Sweetening |
Fydrotreaing |

Sum to Destination 17.157: 25




GAMS Model Robustness

* Other modes of the GAMS program can be used find

solutions that:
= Minimize cost, then minimize the consumption with the

initial solutions fixed

_
Fresh Water Source 2 8 b 4

esalting .
um to Destination 2.665i 25{ 8.571i 10.344} 28.125! 87.273} 119.332




GAMS Model Robustness

* Other modes of the GAMS program can be used find

solutions that:
= Minimize consumption, then minimize the cost with the

initial solutions fixed

_
Fresh Water Source 2 8 b |

esalting .
um to Destination 2.667i 25{ 8.571i 10.345i 28.125! 87.272} 119.333




GAMS Model & Regeneration

Treatment units can be added mid-process to regenerate
streams

Equations must be updated to include flow from units to
regenerators and cost of regeneration

Calculation of outlet concentrations
= Mixing Streams: C_; = zi<Cin,unit—i *F in,unit—D/ F ot cotal
= QOutlet Concentration: C, = C_. * X + C

out regen

* If contaminant is not teduced in regenerator, C .., = 0 and
X =1;
If contaminant z reduced in regenerator C, ., 18 its
specified outlet concentration and X = 0




GAMS Model & Regeneration

e Results:

Destination

Cavst_Dist__[AmSw VIS [rydr_[Desall_[APVACA[RO _[OWWT [Sink_[/sum from Source |
FreshWaterSowce | 0 25 8511] 0 0 Oa [va [wa na | .
CaustioTreating__| 00 o oo o o 255 o o oi

Distiaton |00 o o oois| o013 19814 o o 5159

Amine Swesienng | 0 0o o o o san o o oy

Werox Sweetening | 00 o o o o o _q

yooreang |00 o o o o 2% o o o

Desating__ | 00 o o o o s6a% o o 1s0

fPlandACA | 0 0 o o o  ona | seesms z8zsolva |

Reverse Osmosis | 1333 0| 0| 2187 10905 74413ja _ |wa | Olwa

CheviorwwT | 1353 0 o 78 10072 o Owa _lwa _lwa |

6661 25i 8.571i 10.086i 29.993i 74.426; 117.124; 88.838{ 28.289i

* Consumption = 33.571 ton/hr, Cost: = $Mil 1.301 /yr

* Published consumption is the same:
= Consumption = 33.571 ton/hr, Cost = $Mil 1.110/yr
= Cost is somewhat higher




GAMS Summary

e (Conclusions
= GAMS model values are very close to published results
= Model maintains effectiveness with use of regeneration

= Model 1s robust enough to predict results in other cases




Future Work

Include price of piping in GAMS model
= Extensive piping networks may save in water cost
compared to simpler networks, but cost more to construct
= Cost of network, length and type ot pipe required could all

be variables in model

Include maximum flowrates
= Need to include minimum flowrates previously explained
g Reasoning for using maximum flowrates is similar

Continue study with fixed initial setup and changing mass
loads
= This setup better models the cost over time, so extending
time period and increasing number of periods makes model
more useful




Thank Youl!

Questions?




