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Simiilasyon, Modelleme ve Optimizasyon

Miodellme

Gergek diinya siirecinin veya Sistem degiskenlerine yapilan Mevcut bazi alternatifler

sisteminin zaman i¢indeki degisikliklerin etkisini kiimesinden en iyi 6genin

isleyisini taklit etmektir. incelemek igin bir ekonomik (baz1 olctitlere gore)
sistemin matematiksel secilmesidir.

gosterimini tasarlamak ve
analiz etmek.

Stire¢ simiilasyonu, Stire¢ modelleme, tiretim Stire¢ optimizasyonu, bazi
kimyasal, fiziksel, biyolojik stireclerini temsil etme kisitlamalari ihlal
ve diger teknik siireclerin aktivitesidir ve boylece etmeksizin bazi belirlenmis

ve yazilimdaki birim mevcut siire¢ analiz parametre setini optimize
islemlerin model tabanli bir edilebilir veya etmek icin bir islemi
temsilidir iyilestirilebilir. ayarlama disiplini.
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SUREC SIMULASYONLARI VE YAZILIMLAR

* Siireg simiilasyonu, tiretim asamalarinin gelistirilmesi ve optimizasyonu i¢in kullanilan bir aragtir.
Simiilasyon tiretim asamalarinin sanal bir temsilini olusturur.

 Siire¢ simiilasyon yazilimlar: tiretim asamalarindaki tirtinlerin ve bunlarin akisini igeren siiregleri
tamimlayan, uygun bir operasyon icin kiitle-enerji denkliklerini ¢6zen ve bunlarmm ekonomik
analizlerini yapan yazilimlardr.

* Siire¢ simiilasyon yazilimlarimin amacy; ¢alisilan siireg i¢in en uygun tiretim sartlarimin bulunmasin
saglamaktir.

* Siireg simiilatorleri 1960’11 yillarin baslarinda petrokimya sektoriinde kullanilmaya baslanilmis olup
baslicalar;
* Aspen Plus (Aspen Technology, Inc),
* ChemCAD (Chemstations, Inc),
« HYSYS (Hyprotech Inc./ AEA Miihendisligi Yazilim),
* SuperPro Designer (Intelligen, Inc.) ve
* PRO / II (Simulation Sciences, Inc.)’dir.
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URETIM SISTEMLERI TASARIM SURECI

Cremel Facanam ihﬁyacD Uretim Siireci Tasarmu
Akis Semast Tasarmu
Siir .
Baslangic P Akis Semast :Ku:; ﬁﬁ:ﬁ,
Akis Semast Tasarmu ¢ Akis semast o
‘ o Temel ihtiyaclar
¢ Akis semasmm son hal
g
< Analiz-Simiilasyon
:
3 é_ e Kiitle ve enerji - Bilgisayar
& jm denkligi Parametre Uretim teknolojisi Destekli
ali-l | * Ekipman kapasite optimizasyonu optimizasyonu Tasarm
5 Ua) ve maliyetleri 5 Optimizasyon
i eEkonomik
B degerlendirme I
A |
]

( Final Akis semas: )
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“Superpro Designer” Simiilasyon Yazilimi

TASARIM [> SIMULASYON $ ANALIZ

Veri sistemi Raporlama sistemi
Hammadde, iirtin, yan tirtin bilesenleri ile bu bilesenlerin fiziksel - kimyasal Kiitle ve enerji denklikleri ~ Degiskenler arasinda kiyaslama
ozellikleri ve ekonomik verileri Ekonomik sonuclar Stire¢ modelleme ve
sureg icerisinde yer alan temel islemlere ait operasyonel parametreler ve bu optimizasyon
parametrelerin sayisal degerleri Cevresel etki Verimlilik )
Ekipmanlar Kapasite/Uretim planlamasi

Temel Islemler

Ekipman ici temizlik (CIP) Duyarlilik ve belirsizlik analizleri

Filtrasyon islemleri (Membran, bantli, Db sl

rotary) Ogiitme (pargalama, 6giitme, eleme)

Kromatografi Santriftij (dekanting, cyclone, |$

Kurutma (tepsili, dondurarak, Homojenizasyon/ C)gl‘jtme (nano, Ekonomik analizler

piiskiirtmeli, drum, rotary) bilyeli, basingly, Yatirim maliyetleri (sabit yatirim giderleri, isletme sermayesi),

Ektraksiyon (sentrifujlu, karistiricili)  Karistirma (tumble, bulk) tiretim maliyetleri (iscilik giderleri, hammadde ve diger

Is1 degistiriciler (elektrik, cooling Kesikli reaktorler (denge tepkimelersi, malzeme giderleri, enerji giderleri), birim tretim maliyeti,
tower, kizartma, sterilizasyon) fermentasyon, tepkime kinetikleri) karlilik, para akis diyagrami ve yipranma giderleri analiz
Sedimantasyon (yag seperasyonu, Stirekli reaktorler (denge tepkimeleri,

ylizdiirme, temizleme) fermentasyon, tepkime kinetikleri) Operasyonel analizler

Tasima/Depolama Distillasyon (stirekli, kesikli, flash) GANTT grafigi- insan kaynaklar1 ile ekipman kullanim
Yikama stireleri
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TASARIM - Veri Sistemi

Databaze Filter... - -\

EE B EREEIS A

R Y
a2

Loczal Mame

[NH4)2504 [10%)

[NHAJ2504 [20%)]
ir

Besipern
CH3COOH (0.5 k)
CH3COOH 1 k)
CH3COOH 2 M)
CH3OH [10% whw)
CH3OH [50% whw)
Citruz ' aste-DS
Citruz waste-we
EtOH [1 M)

EtOH [10% wiw]

MHame
[MH412504 [10% wiw)
[MH4)2504 [20% whw]

Air

Besziven
CH3COOH [0.5 M)
CH3COOH [1 k)
CH3COOH [2 M)
CH30H [(10% wdw)
CH30H [50% wdw)
Citruz Waste-D'S
Citruz waste-wet
EHOH (1 M)

EHOH [10% wdw)

Trade Name
[MH412504 [10% wiw)
[MH4)2504 [20% whw]

Air

Besziven
CH3COOH [0.5 M)
CH3COOH [1 M)
CH3COOH [2 M)
CH30H [(10% wdw)
CH30H [50% whw)
Citruz Waste-DS
Citruz waste-wet
EOH (1 M)

EOH [10% wdw)

IDs Composttion  Economics Comments

Available Ingredients Ingredient Composition
o -
(@]
: ) Pure o
Source DB | Designer Ingredient Name Trif) Mass %
| 1 | Ammonium Sulfate [ 10.0000
2 | Water X 90.0000
View Q #acvt O Hels
Deiany Economics Pollutart Categories
Q Ao n q{ ; i .
IDs Physical {Constant) Physical (T-dependent
Density ing/L) =a +bT (Tin K), Where a and b Are: ¥ : P }
O i Main Pmpeﬂms

a|1055.00 and b [0.0000

Density Comelation Parameters

Simtilasyon siirecinde ihtiya¢ duyulan verilerin bir kismi1 yazilim btinyesinde
yer almaktadir. Eger bu veriler mevcut degil ise veri bankasina ihtiyag
duyulan veriler eklenebilir. Bu veriler ile birlikte bu verilere ait teknik ve
ekonomik 6zelliklerde sisteme girilmelidir. Simtiilasyon yazilimimin diger bir
ihtiya¢ duydugu veriler ise kaynak ihtiyaglar1 olarak adlandirilan, 1sitma,
sogutma, iscilik, depolama gibi genel tasarim verileridir.

VR 0.000] g/ gmol

Enthalpy of Formation |-10.00 J/gmal
Mommal Boiling Point [10000 2 C
MNormal Freezing Point [0.00 2 °C

Critical Properies
Temperature | 374.19 T
Pressure | 221.20 bar
Compressibilty Factor [0.2350
Acentric Factor (Omega) | 0.3440

Miscellaneous

Henry's Const 104 | 0.000000 atm-m3/gmal
Particle Size |0.00 micran
Default Yolumetric Coefficient] 1.00

Comments

Anue



TASARIM - Uretim Siirecinin Olusturulmasi (Temel Islemler)

Uretim siirecinde ihtiya¢ duyulan
adimlar ve bu adimlara ait temel
islem parametreleri ile ilgili
bilgilerin sisteme girisinden tnce
tiretim stirecinin modunun
belirlenmesi gerekir. Uretim
sistemi modlar1 kesikli, yar1 kesikli
veya stirekli olmak {tizere cesitlilik
icerir. Kesikli sistemlerde akis
hizlar1 her parti i¢in izah
edilmektedir. Stirekli sistemlerde
ise akis hizlar1 birim zaman
icerisindeki degisime gore
gerceklesmektedir.

Girenler (Hammaddeler)
Bilesenler-Components

Akiglar-Streams };

Temel Gida igslemleri-
Unit Operations

®

Cikanlar (Urtinler)

/ Bilesenler-Components

Composition, etc.  Physical State  Enwv Properties  Comments

Registered Ingredients

Biomass
Carbohydrates
dichloromethane
Fats

Fibers

Glucose

Methanal
Mitrogen

Gil

QFr

Oxygen
peptone
Phosphoric Acid
Protein
starch
Sucrose
Sulfuric Acid
Water
Fsantan

S-101 s-105
s 3] i | %
i 5w 3 b st | | Kaynaklar
' N -
ja" ’P_‘,V_‘D‘M N1 i | e Isitma ve sogutma ihtiyaclari
: Blending / Storage Medium me-mt‘s-m ) ;;,(;TI;;L "smz ; o Mot Qr GU cll -
[ o i | o Temizlik maddeleri
; _e,&,wv; " Lol Iscilik vs.
o : i P-7/V-103
5 P-2/V-102 Fermentation
B LA R L i e 2
Composition
) Comp Flowrate Mass Comp. | Concentration Extra-
TEEEEIhETE ? ka/batch) ) /L) Cell %
1 - 5000.00000 100.0000 245 00000 100.0

Set ' Ingredient Flows ©Q Mass Composition a @

Total Flowrates Auto-Adjust [~ Temperature [25.00 [ C (]
© Set Mass Fow [5000.000 ka/batch Pressure [1.013  Jbar
Enthalpy | 49.554 kW-h/batch
© SetVol.low  [20208.163 Libatch -
Activity | 0.00 Us/mL

[#] Compostion [T0..-1] Cone.[g/L Enthalpy [kKWH

Time Reference for Fows O Batch O fgmee Dpis

Units  Mass [ka Vol [L




TASARIM - Ekonomik Parametrelerin Olusturulmasi

DFC Cost Alloc Misc

Direct Fixed Capital (DFC) | 24177 44 thous. &

DFC Estimation Options

' Set by User
O Estimated Based on Total Equipment Purchase Cost (PC):

PC = Listed Equipment Puchase Cost + Unlisted Equipment Purchase Cost
Unlisted Equipment Purchase Cost | 0.20 x PC

Sabit yatirim giderleri Isletme sermayesi T

Ekipman giderleri Hammadde © Usng a Compeste PC Factor: DFC = [200 % PC
Montaj Iﬁglllk © Using a Distributed Set of PC-Factors
Pompalama ve borulama Elektrik/su/buhar .

. . . Direct Cost (DC) ey e Dz [ | Indirect Cost (IC) log e Daia [T
Kontrol makineleri Atik degerlendirme Fiping (4)[030— x PC

. . . . . Instrumertation (B} [0.30  x PC Engineering {H) |0.15  xDC
Elektrik ve yalitim giderleri Laboratuvar giderleri oo OTTT— e

Bina ve cevre diizenleme Ambalaj malzemesi, katki maddeleri Hectical Faoilties (0)[070_ x PC
. . . . Buildings (E}[0.30 =PC
Miihendislik ve sigorta giderler Tasima/depolama Yard Improvement (F)[0.05  x PC
Aurdliary Facilties (G) |0.28 x PC

Direct Fixed Capital (DFC) =Direct Cost (DC) + Indirect Cost (IC) + Cther Cost {OC)

Construction (1) (030 = DC

Installation = Installation of Listed Equip. + Other Cost {OC) i e Daia [
Installation of Unlisted Equip.

Unlisted Equip.li " : Contractor's Fee [005 = (DC+IC
Installation Cost 0.50 Bl 2L T { }

DC = PC + Installation + A+B+C+D+E+F+G Gontmaency | 0.10_x (BE=15)
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TASARIM - Ekonomik Parametrelerin Olusturulmasi

Faciity Labor Lab/QC/QA Utilities Misc
Estimate Facility-Dependent Cost (FOC) Based on...

[X Capital Investment Parameters

Sabit yatirim giderleri
Ekipman giderleri

Montaj

Pompalama ve borulama
Kontrol makineleri

Elektrik ve yalitim giderleri
Bina ve cevre diizenleme
Miihendislik ve sigorta giderler

Isletme sermayesi

Hammadde

Iscilik

Elektrik/su/buhar

Atik degerlendirme

Laboratuvar giderleri

Ambalaj malzemesi, katki maddeleri
Tasima/depolama

FDOC = (Maintainance) + (Depreciation) + (Misc.)

X Include Maintainance
9 Use Equipment Specific Multipliers
O Estimate as  [6.00 % DFC

[ Include Depreciation

o Use Contribution From Each Equipment’s
Undepreciated Purchase Cost

O Use Section DFC
Portion Already Depreciated | 0.00 T

¥ Include Misc. Costs e haw Daia [
Insurance [ 1.00 % DFC

Local Taxes | 2.00 % DFC
Factory Expense | 5.00 % DFC

[X Equipment Usage or Equipment Availability Rate

FDC = SUM { (Equipment Rate) x (Equipment Hours) }
Equipment Hours Calculation
Q ik g

[™ Facilty Availabilty Rate Lo e frgn [
FOC = (Facility Availability Rate)x (Hours of Availability)
Facility Availability Rate | 500.00 SAacility-h

[™ Production Rate
FOC = {Unit Cost)x (Unit Production Cost Reference Rate)

Unit Cost | 100.00 S/kg MP
MP = Total Flow of Stream "5-133°
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SIMULASYON

Her bir temel islem birbirine
akislar ile baglanacaktir. Her
bir temel islemin girdi ve
ciktilari ile islem uygulama
ihtiyaclar: tanimlandiktan
sonra simtilasyon “run”

edilerek gerceklestirilmektedir.

@ SuperPro Designer - [S5F-wheat bran-casel.spf]
;Eile Edit Unit Procedures Tasks Charts View Reports Databanks Window Help

{sI=2~- DEN- B EE =LA
g Main Section v B § 22 43 ¥ f, MainBranch v g % fa

Waiting for Simulation To Start... &

510

ST g427 Gas Compression

5132

5123210/ MX-10

J MeG ¢ 1oy

5133

5-126 E:—l

P15 / SDR-1 01 =
P41 MX- 5 496

Spray Drying Leaching

Mixing

513134 P-13/ PFF-101

P&F Fittration

P12/ V—101
Batch Distilation

P-11/ CF-11
Centrifugation

5122

5105

Tray Drying

l:F N
5115 - 5-130

-7

Design Spec (Comp. Conc.)  P-20/ MX-104

Mixing

1
\:E 5109
5102 P4/MXA101 3403 ———
Midng sq0g P-3/VSCR-101 S-107 513
P-8/5L-101 Vibrating Screen P-18
Soids Storage Q Design Spec.
, P-19/ MX-103 B/ FRADT ‘
P2/ GRAD1 s-138 Mbdng -1 Fermentation
Grinding ‘
PO — NN 5135 5113 m CEREL:
a4l 6 "' 5110 P AF-101
P16 / MX—101 AfFitration ——& s-108
e P17/ G-101 g )
Mixing S114 M§ P-1/TOR-101

—a 3-138
——r 51 34

] <

SSF-wheat ...

Perform M&E balances ended successfully!



ANALIZLER - Kiitle Denkligi

Materials & Streams Report
for SSF-wheat bran-case1

1. OVERALL PROCESS DATA

Annual Operating Time 7836.87 h 3 STREPLM DET‘MLS
Unit Preduction Ref. Rate 4953.05 kg MPhyr
Batch Size 206.38 kg MP
Recipe Batch Time 83247 h
Recipe Cycle Time 31323 h Stream Name 5119 5-140 5141 5117
MNumber of Batches per vear 24.00 Sourc-e |HPUT |HPUT |HP“T P-1E
MP = Total Flow of Stream "5-133
Destination P16 P16 P16 P14
Stream Properties
2.1 STARTING MATERIAL REQUIREMENTS (per Section) Activity (U/ml} 0.00 0.00 0.00 0.00
Temperature (*C} 25.00 25.00 25.00 25.00
Amount Pressure (bar) 1.01 1.01 1.01 1.1
Needed  Molar  Mass  Or°SS ; ]
. . . . Mass Density (gL} 994.70 994.70 994.70 994.70
Section Starting Material Active Product (kg Yield Yield Yield I
Sinfkg %) %) ) Total Enthalpy (kWé-h) 0.06 015 0.15 0.35
MP) Specific Enthalpy (kealkg) 2496 2496 2496 2496
Main Section AX AX 0.00 Unknown Unknown Unknown Heat Cﬂpac'rty [kcab‘kng-} 1.00 1.00 1.00 1.00
Sin = Section Starting Material, Aout = Section Active Product Cﬂmﬂﬂﬂent Flowrates (kg.‘lbatch]
starch 0.00 5.00 0.00 5.00
. Water 0.00 0.00 5.00 5.00
2.2 BULK MATERIALS (Entire Process) “aantan 500 000 0.00 300
TOTAL (kg/batch) 2.00 5.00 5.00 12.00
Material Kalyr kg/batch kg/kg MP . 503 503 1208
Air 17372360.00 723848.32 3507.40 TOTAL (Libatch) 2m . . :
Biomass 0.00 0.0 0.00
dichloromethane 2841.00 118.38 0.57
Methanol 2338.00 §7.40 0.47
starch 120.00 5.00 0.02
Water 235302.00 9845.91 4771
Wheat Bran 120000.00 5000.00 2423
Xsantan 4800 2.00 0.m
TOTAL 17734008.00 738917.02 3580.42
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ANALIZLER - Ekonomik Ciktilar (Yatirim Maliyetleri)

Superpro Designer {i¢ farkli ekonomik

degerlendirme rapor ¢iktis1 verir. Bunlar;

* The economic evaluation report-Ekonomik
degerlendirme raporu (sabit yatirim
giderleri, isletme sermayesi, tiretim
maliyetleri ve karlilik analizleri)

* The itemized cost report-Birim maliyetler
(sabit maliyetler, hammadde maliyetleri,
bakim onarim maliyetleri, atik
degerlendirme maliyetleri)

* The cash flow analysis report-Para akis

ana1121 Summary Capital Investment  Operating Cost  Revenues / Credits / Savings
Equipmert Purchase Cost | 5343750 §
Direct Fixed Capital (DFC) | 24177437 S
Working Capital | 137833 S
Start-up and Validation Cost | 1208872 S
Up Front R&D | 0 s
Up Front Rovatties | 0s
Total Capital Investment | 25524142 §

2. MAJOR EQUIPMENT SPECIFICATION AND FOB COST (2015 prices)

Quantity/
Standby/
Staggered
1/0/0
1/0/0
1/0/0
14070
14070
11040
1/0/0
14010
11070
14070

10/070

1/0/0

Name

SL-11

GR-101

VSCR-101

FR-101

AF-101

SM3X-101

CF-101

PFF-101

SDR-101

G-101

TOR-101

V—1m

Description

Sile/Bin

Vessel Volume = 27385.64 L
Grinder

Rated Throughput = 16.80 kg'h
Vibrating Screen

Rated Throughput = 16.80 kg/h
Fermentor

Vessel Volume = 36.82 m3

Air Fitter

Rated Throughput = 458477 .88 Lih
Solids Mixer-Settler Extractor
Rated Throughput = 924.70 L/h
Centritech Centrifuge

Rated Throughput = 16.68 L'h
Plate & Frame Fitter

Fiter Area=1.75 m2

Spray Dryer

Dryer Volume = 802,64 L
Centrifugal Compressor
Compressor Power = 237 43 KW
Tray Dryer

Tray Area = 73.26 m2

Batch Distillation Vessel
Vessel Volume = 1881.44 L
Unlisted Equipment

Unit Cost ($)
74000.00
76000.00
5000.00

1243000.00
2000.00
21000.00
338000.00
26000.00
124000.00
320000.00
140000.00

§35000.00

TOTAL

ALI COSKUN

Cost (%)
74000.00
76000.00
£000.00
1243000.00
2000.00
21000.00
338000.00
26000.00
124000.00
320000.00
1400000.00
£35000.00

1089000.00
5344000.00



ANALIZLER - Ekonomik Ciktilar (Uretim Maliyetleri)

Superpro DeSigner ug fal'kll ekonomlk Summary Capital Investment Operating Cost  Revenues / Credits / Savings
degerlendirme rapor ¢iktisi verir. Bunlar;
. . . ST $/batch §/kg MP
* The economic evaluation report-Ekonomik e | S o — 5 —— %
degerlendirme raporu (sabit yatirim Facilty-Dependert | 7 | T ow [ om
gider]eﬂ, isletme sermayesi, liretim Labor-Dependent | 1395185 [ 58133 | 28168 | 8161
. . . . Laboratory / GC / QA | 209.278 | 8.720 | 4225 | 12.24
maliyetleri ve karlilik analizleri)
- . L. . Consumables | 0 | 0 | 0.00 | 0.00
* The itemized cost report-Birim maliyetler e —— =
(sabit maliyetler, hammadde maliyetleri, Waste Treatment / Disposal | 0 | 0 ow [ o
. . T i
bakim onarim maliyetleri, atik e 2 e
o . ’ . Miscellaneous | 0 | 0 | 0.00 | 0.00
degerlendirme maliyetleri) ot | =1 - —% %
° 1 -
The CaSh flow analy31s report Para ak1§ Total Annual Operating Cost | 1709529 | 71230 | 34515 | 100.00
analizi
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ANALIZLER - Ekonomik Ciktilar (Karlilik analizleri)

Gross Margin-Briit
marj (BM)

Return on investment-
Yatirim getirisi

Payback time- Geri
Odeme Siiresi

The net present value-
Net bugtinkti degeri

Briit kar marji1 satilan malin
gelir ve maliyet arasindaki
farktr.

ROI yatirim maliyetinin bir
yatirim miktarinin goreceli
getirisi Olcer

Net karin yatirim maliyetlerini
karsiladig: stiredir.

Bir projenin net bugtinkii
degeri (NBD), gelecekteki
nakit akimlarinin bugtinki
degerlerinin toplamidir.

Gross Margin =

Gross Profit

Revenues

Net Profit

Return on Investment (ROI) =

Total Investment

x 100 %

Total Investment

Payback Time (in years) =

NPV = Zn: 5

Net Profit

A+

Burada; i, faiz orany; CFk k ninc1 yildaki net

para akisi ve n ise proje omrii.

Summary Capital Investment Operating Cost  Revenues / Credits / Savings

Project Totals
25524142 §

25524142 5

Investment

Investment Charged
to this Project

Annual Cperating Cost 1.709.529 ssiyr
Annual Revenues 2476527 Shr

Unit Production Ref. Rate 4953054 kg MPAT
Unit Production Cost 3451465 S/kg MP
Unit Production Revenue 500.0000 S/%g MP

Project Indices
Gross Margin [ 3097 %
ROI[ M0 %
Payback Time 254 years
IRR {after tax) 961 %
NPV at 0.00 % 28314073 §

MP = Total Flow of Stream "5-133°

Annual Operating Time (A0T)
Avaiable [79200 |[h [¥]
Utiized 78369 [h

Max # Batches /1 |24
Actual # Batches / Yt |24
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ANALIZLER - GANTT Graf

day

h

Total Occ.Time
MX-101
FSP-103
RDR-102
SB-101
BC-101
SR-101
FSP-101
CSP-101
R-101
RDR-101
V-103
HX-101
PFF-101
V-101
R-103
R-102
CF-101
V-104
TDR-101
BR-102
V-102
MX-102
BR-101

o\ o

igi

10

12

14

16

18

20

22

24

26

28

30

32

34

36

38

40

42

44

day

48

96

144

192

240

288

336

384

432

480

528

576

624

672

720

768

816

864

912

960

1008

1056
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Process simulation and economic evaluation of fruit leather processing

5113

5_11 ﬁ ...........................
5-102 =108 4
PG/ WSH-101 PS5/ SR-10 o . M
_ 5403 * H
VWashing (Bulk Flow W/seperafion Shredding P8/ 3C-101 I
Screw Conveying PA/MXA01 M) = 5107 EoE e 5108
] 5-114 Ll c_105 VAV, =
3-104 Mixing : ) P-3 /BC-104 =108 % %
5112 4 . P& / XD-101 or o 8 5110
P-2/ R-101 Extrusin yin P-1/ TDR-101
571 MXA02 essel Procedure Tray Drying
Mixing 511

513
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NARENCIYE ATIKLARINDAN GERI KAZANIMIN SUREC SIMULASYONU

e - S-130
V& 5-106 Kabukmyvesuyu

5 < S \ Hayvan i
B T | T .

P-11/V-10:Z

Fermentasyor
Damitma | - s.1l1g E:@ (S bWl Etil Alkol

] | P-16 / FSP-103
L S S S S S S S SR -1, Akis ayirma
P-18/ MX-101

P& /CsP-101  S-10S
P-12/ FSP-101 V& S-121
S Akis ayirma hgny GMIYOS P-15/ RDR-101
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PROCESS SIMULATION AND ECONOMIC EVALUATION OF
ASTAXANTHIN PRODUCTION FROM AGRO-INDUSTRIAL WASTES
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