no.03

2025

(1&-¢2-85F) 5%
1=38MI'18'87KTEA) 7lE =
Hio|@¢ & =& Al

| 27FEZE 7122 B4 ARIQl S5 U WA 2ofol Ho|QHIR BT BASH 7|5t K



= 03
il’ NO.
.
O
@)
- Q9 3
—t
)
D)
—t
» KR S/ EA L SHSET 4
28 Mg 4 4
PFD (BMEEL) 5
Ny 71=3ME8T71 Y 7
NS OMZEE2EE HBO/SAF A3d SE 9
PEE TEA Zu} 2 012 HA n

M58 ESmisyl 12




No.03 | 2025 7|&BHEE7HTEA) HE & HIO| 2= HE AR 3

OOF

|

HO|RPE MF7| 7= WKOfAM Hf0|9°._4ﬁ Hof| chst 7|=ZF|A 710l (techno-economic
analysis; TEA) CHst 7HE0t O|MERF2EE £=FHI0|C|" (hydrogenated bio-diesel; HBO) &!
5+27|9 (sustainable aviationfuel; SAF) MARREO| AlE|0f| CHSI0] L2 &AM 2 1SS FIGsHT]

- 3YHEHEA H SYSER
- TEA 2 (Class 4)
- O|M|Z2 2 EE| HBO/SAF AAtZH

- TEA Z1p 2RIzt 2

(o

=

i

5104 —S—OE%E(PFD; process flow diagram)& 71&510] 289

= DO 2& & Of|{X|=X[A] ALt EEE SEM HE(2E,
2504 —3—75;,7_4*5*% 2lst ZEXH|(TCI; total capital investment), SA4AHH|
(TPC;total production cost) 52 A&E5H= ZXA WIS ZaksiCh £ Z42|0|A= 0|2{st TEA
Of CHet 2, 2|10 28 Al

00 EO

rulm
_tIo
9'|_l
_lTl_

BIO FUEL




No.03 | 2025 7|&BHEE7HTEA) HE & HIO| 2= HE AR 4

KRS S3/ME4A =

2 uxl= Analysis, Synthesis, and Design of ChemicalProcesses (Turton et al., 5th ed.
2018)" 2 7jutoz xpME|Q o0, 1R M= 2HE2 (process flow diagram; PFD) & &4

7HE A7 (process conceptual design)of| 25101 CHELY

@ 38 71d &
SEEA N HO| 0|z 3H SEEE
- Block Flow Diagram (BFD)

- Process Flow Diagram (PFD)

- Piping and Instrumentation Diagram (P&ID)

SO[ UL} BFD & ©x| S 7haXel SYSEXE 201, e H 4= S0 ZAIEC

H2AM EFACRRE HIHS Hitst= S72| BFD= Ch31t 20t

Mixed Gas
(2,610 kg/h)
Toluene »
(10,000 kg/h) Reactor Gas
Separator

[ Benzene

> (8,210 kg/h)

—
Hydrogen
(820 kg/h) Caonversion Mixed Liquids
75% Toluene Still

Toluene —[_

Reaction : C¢HsCH;+ H,~ C,Hy+ CH,

<Fig. 1.1> BFD for the production of benzene from toluene
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- Mass balance is met?

- What is the conversion 75% toluene?

- What about the recycle (toluene and H,)?

- What component does the flue gas include?

- How to design the separation unit of the flue gas?

- If we use the distillation column, 3 columns are needed because 4 components exist in
the flue gas.

- Let's calculate the flow rate of the recycle stream.

- How much is the excess H, flow rate?

- We have to consider the recycle of H,.

- Think about the environmental issues.
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<Fig. 1.2> Calculation of recycle flow of a benzene production process using MS Excelzl
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), XY, 22|10 SFEHO JHEEE ZEICE o2 SRACZLE] HIHS it
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Toluene Tohuene Feed Feed Reactor RecycleGas Reactor HighPpres Low Pres. Tower Benzene Benzene Benzene  Reflux  Reflux Product
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m Cooker Heater
fuel gas

combustion

products

g
toluene -5 O E-101

05
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A2 #5104, X= EHR| 2F04, Y= unit number, Z= &X|HS, J2|10 A/BE 0{&2] & X| =X
D2 TAISHCE ol 2 A P-301 A/B = pump, 38 unitOf|A] 1895 ZHX| 2 A A/B 27l &X|2 W2
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Essential Information
Stream Number
Temperature (°C)
Pressure (bar)
Vapor Fraction
Total Mass Flow Rate (kg/h)
Total Mole Flow Rate (kmol/h)
Individual Component Flow Rates (kmol/h)

Optional Information
Component Mole Fractions
Component Mass Fractions
Individual Component Flow Rates (kg/h)
Volumetric Flow Rates (m?3/h)
Significant Physical Properties

Density

Viscosity

Other
Thermodynamic Data
Heat Capacity
Stream Enthalpy
K-values

Stream Name
N\ J

PFD= o FX|of thigt 2HzA, ME, 37| 52| Y2 E 2t ol2M vessel 2 XY=
Z

EEE D Equipment summary (Vessel) ”

Vessel V-101 V-102
Temperature (C) 55 38
Pressure (bar) 2.0 24
Orientation Horizontal Vertical
MOC CsS CS
Size
Height/Length (m) 5.9 35
Diameter (m) 19 1.1
Internals s.p. (splash plate)

* MOC: materials of construction / CS: carbon steel

PFDZ} 240 =10, SEM FE7F AL, 7|sdHld E7IE fIgh 7= FE7t 2bdElCt

—
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Techno-economic analysis (TEA)= 7|&X
i 2212 TEAS| MA|X2l 7iE S Ho{&ECh

BHH BtEd S HEsk= 7|H-o|ct of2

Experimental data Technological viewpoint

v

PFD Stream table Mapping & Sizing
Process simulation Process economic
(mass & heat balances) (T, P, Q &x) analysis
A 4
Thermodynamic properties Equipment type and price
TCI& TPC
Economic assumptions
v
Sensitivity analysis Evaluation of Economic Values
— <

ROI (return on investment)
PBP (payback period)

Economic viewpoint

<Fig. 2.1> Procedure of TEAY

PoS (plot of sensitivity)

stz 7|=BHMEE7H(TEA) = S8 HE HA0M 7|2 & ZHA EfgdE oH[Hez A
E3t= A0l =EE T UCEL TEA= 7|22] k7t BFSICEE, THAe SYSEXE 7
510 83t H20M2 ZHIEE EMAEMN FX 7tsEE oH|M o= TEre 4= Qle 2
£ HAletch 9 J2I0iIM 20{F%0|, 7|sdHd E7t= 3 7lad S8 ZHd SHRZ Lt
01 = == ULt
71Xl ZHO|Me At Y M9, Fefsi REA| 2T XA SS HIECE 3H
SEL (PFD: process flow diagram)S 2511, 2HDAIE E510] D= £ 2X1L R/ )
£ SEMoMe AT I Ol|HX| £X[AS ALSITE SHZAL 2, 2t RIS L SEMMS 2
Z(T), &=(P), REH(Q), J2|10 ZH(x)0| FohXA|H, 0| HEE HIEte= 2} ChSHol| Chist &
E £ ZFglT}. 0|28t mapping & sizings Al =, 2} FX|Q| FH|E LESHD, T

X|Fd|off MEsE QIXIE MEot0] 2| BXHOZ ZEXIH| (TCI: total capital investment) £ 715t
Ct. TPC(total production cost)= 2%H|, 1FH|, 0f|4X|H|E S& &4f5t0] Fettt &, 7[&X
Zoi0f M 7|4 EfEE S stestn, TC9 TPCE ot 20| =8l 2Xolct. ©

TCl = AEsHe giof et 57He] S3oz 22 (Fig 223%), & ISXIRM H%sts
IO O & EXMH| Ci| AR|IEXIH|7F -20% O|A +30% Helo| Metz = Zkn
f

ctorial method &2 stochastic methodE AFE35H= Class 4(Study or Feasibility)O|LCF.

Sttt e EPEU%QEE TCI Cie| 37 =259| HIE Ed¥sts FA+YE (ROI: return
on investment)t £Xtg|£=7|Zt (PBP: payback period) 50| QICt.(Fig. 2.3 &=xX).

P )
IME 012 ARld 7HFES0] ZoEH, AFgEl 718 S| 22ad o2 21510 2iEE

AR =7
=4S F-EITL. Plot of sensitivity (PoS)= AR 718 S2l Hatof| E ROI 2+ PBPS| Het
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1012208 Cost estimate classification matrix for the process industries”

Primary Characteristic

Secondary Characteristic

MATURITY LEVEL OF EXPECTED
ESTIMATE | PROJECT DEFINITION END USAGE METHODOLOGY ACCURACY
CLASS DELIVERABLES R purpase 2 Typical estimating method RANGE
Expressed as % of complete estimate Typical variation in low
definition and high ranges
Capacity factored,
Concept ) L: -20% to -50%
o) o)
Class 5 0% to 2% screening ‘ parametric models, H: +30% to +100%
judgment, or analogy
Study or Equipment factored |L:-15% to -30%
[0) (0)
Class 4 1% 10 15% feasibility or parametric models |H: +20% to +50%
Budget Semi-detailed unit
o . L: -10% to -20%
o) (o)
Class 3 10% to 40% authorization costs w@h agsembly H: +10% 1o +30%
or control level line items
Detailed unit cost
Control or . i L: -5% to -15%
(o) (o)
Class 2 30% to 75% bid/tender with forced detailed H: 5% to 420%
take-off
Check estimate Detailed unit cost | L: -3% to -10%
0, o)
Class 1 65% t0 100% or bid/tender | with detailed take-off |H: +3% to +15%

Factorial method

TCl=1. 228><Z(PEC). +1. 38><§a. (PEC);

i=1

TPC = (raw material cost) +
cost) + (fixed cost),

(fixed cost) = (labor + maintenance
+ general/administration costs)

(utility

(net_profit)
TCI

ROI=100x

1-2X§(ai+0489)(PEC)i
i=1

PBP=

(net_profit)+(desprec._cost)

<Fig. 2.3> Methodology of TEA: evaluation of economic values

Process simulation

(PFD)
ASPEN Plus
Mass/heat stream table
(T, P, Q yi)
Equipment selection

and sizing
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Economic analyzer
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Ly OIME=R=FE HBO/SAF &4t

O|MZFE2EE] HBO(hydrogenated bio-diesel) 2} SAF(sustainable aviation fuel)E M4t5H=

2Mo| ZXHSE L= of2iQF ZCt (Lim et al,, 2021).

JH.K. Lim etal. Renewable and Sustainable Energy Reviews 149 (2021) 111396

Light gas

Light gases
€O, C02, H20

Naphtha

Naphthas

WD)

Microalgae Extraction Microalgae oil /4 SAF
Deoxygena Cracking / Seperation
i I izi o
o on Ho somerizing BIO]et fuel
HBD
Green diesel
Fig. 3. Hydroprocessing process mechanism of microalgae.
Micro-algae Crude biooil De- Cracking / Distillation /
cultivation by HTL oxygenation isomerization purification
<Fig. 3.1> Hydro-processing from microalgae to produce HBD and SAF 2
Motz = MA| 3He| SEE&= 022t 20| MIA|=|RACH (Peter etal., 2021).
Nutrient recycle Waste
(to ponds) solids Vent Hz I Vent Hz Vent
Aqueous phase —l Aqueous Aqueous
waste waste
Algae biomass 1
(f ds) Biocrud . H il . Biodiesel
onpe HTL e, Hydrotreating =, Hydrocracking o
? i i | Biodiesel E
— Material H Gas H H i
H phase] H H i
—> Heatdut i v v Naphtha i
_____ , Cooling utility / i CHP and !
energy recovery | | - |
femmmmmnne utilities '
----- » Power j--- - -

Natural gas

Fig. 1.Process flow diagram of the hydrothermal liquefaction system boundary (indicated by the dotted box). The process includes the reactor, hydrotreating, and
hydrocracking to process algal biomass into biodiesel and naphtha. Heating, cooling, and electrical power are supplied from a centralized combined heat and power
system or external utilities.

<Fig. 3.2> HBD/SAF production process from microalgae 7
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HBD/SAF MAF 27X 0| Zt

]
o o—l =

<Fig. 3.3> Hydrotreating unit in HBD/SAF production process 8)

From A400

Anaerobic reactor

C} Temperature (C)
D Pressure (bar)

: Mass Flow Rate (kg/hr)

To steam turbine A700

Fresh water

To cooling tower

C) Temperature (C)
<:> Pressure (bar)

: Mass Flow Rate (kg/hr)

<Fig. 3.5> Utilities unit in HBD/SAF production process.
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Ll TEA Zil S

20| A H0{Z PFDE HIEIOZ A2 stream table & C21h 2T

Stream Ml a2 A ME M5 M5 MTME M9 MIO MIL MI2 M4 MIS MIS MIT  MIS MI9 M0 A2 M2 MXF MM M5 M6 MDT  MZEAD9 A0 M31
Tempecature (°C) 02 300 00 250 400 160 400 250 204 311 200 M0 250 250 1065 1000 1000 1000 1000 M23 135 1310 200 2M0 200 180 383 4 160
L0 20 10 10 380 200 276 200 10 138 276 199 586 195 10 53 196 196 196 196 196 55 100 10 586 1.0 10 276 69 310
Tota flow (kg S167 TSL7 10 LME87 3943 L1034 04 486 6700 4184 100 06 1621 8391 138 29 TISE 153 B4 118 434 33644 360 360 575 7500 TTEE 2528 33644 13339
Enthalpy (EW) <480 $.1,595 4.1.515.0 182 <12.1,7818 <11 135 7367.10368 215 03 3900.14447 612 41.13931 105 47 58 L0160 ST0600 1307 L160.1.21391.33322.14061 388 71221 <128
Component flow rate (kg'h)
HO 0000341000 341000 20088 0000 0000 0000 0000 0000 0000 0000 0000 IS2138 130613500 0.000 1306 C.000 0000 0.000 0000 00D 36031 36031 597.963 750000 1306 0000 0000  0.000
H 0000 0000 0000 1653275 17.238 28359223041 0.001 27955 0339 0.000 0.000 0000 27955 0.000 0.285 27955 0.000 0.000 0.000 0000 0.000 0.000 0000 0000 0000 27955221944 0,000 1,422.996
® 0000 0000 0000 305057376918 0000 17360 0000 0000 0000 0000 0000 0000 0000 0000 0051 0000 0.000 0000 0.000 0000 00D 0.000 0000 0000 0000 0000 17217 0000 110.7%9
H 0000 Q000 0000 0000 0000 30459 0000 0000 39450 QOIS 0000 0000 0000 17437 0.000 0.000 26920 C.000 0000 0.000 0000 OO0 0.000 G000 0000 0000 6920 0006 0000  0.000
co 0000 0000 0000 0000 0000 555771 0000 0010553240 1.747 0.000 0.004 0.000 303.178 0.000 0.000 224346 0.000 0000 0.000 0,000 0000 0000 0000 0000 0000224345 0242 0.000 0.000
co: 0000 0000 0000 0000 0000459643 0000 0352 43239407428 0000 0.052 0.000441.136 0.000 0000441136 0.000 0.000 0000 0.000 0000 0000 0000 0000 0000441136 13315 0.000 0.000
¢ 0000 0000 0000 0000 0000 0000 000014679 0000 0000 0000 0000 0000 0000 0.000 0.000 0000 G000 0000 0.000 0000 000 0.000 G000 0000 0000 OM0 00N 0000  0.000
CHa 0000 0000 0000 0000 0000 8120 0000 0001 7854 0235 0000 0000 0000 7554 0000 0.000 54126 0.000 0000 0.000 0.000 0000 0000 0000 0000 0000 54126 0020 0.000 0.000
Phenol 0000 0000 0000 0000 0000 0691 000023128 0000 0000 0000 0574 0000 0000 0000 0000 0000 0.000 0000 0000 0000 0116 0000 0000 0000 0000 0000 0.000 LA 0.000

HS 0000 0000 0000 0000 Q000 1376 0000 0004 0036 1496 0000 0000 0000 0.036 0000 0144 0036 0.000 0000 0.000 0000 0002 0.000 0000 0000 0000 0036 0034 0000 0.000
NHy 0000 0000 0000 0000 0000 0000 0000 0.000 0000 0000 0.000 0000 0000 0.000 0.000 0.000 0000 0.000 0000 0.000 0000 0000 0000 0000 0000 0000 G000 0000 00M  0.000
Cioly 0000 0000 0000 0000 0000 0000 0000 0.000 0000 0000 0.000 0000 0000 000 0.000 0000 0000 0.000 0000 0.000 0000 000D 0000 0000 0000 0000 0000 0000 0000  0.000
AIR 0000 0000 0000 000 Q000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0.000 0000 0.000 Q000 0000 0000  OU0D 0000 0000 0000 0000 0000 0000 0000  0.000
O 0000 0000 0000 000D Q000 0000 0000 0.000 0000 0000 0.000 D000 0000 0000 0.000 0.000 0000 0.000 0000 0.000 0000 0000 0000 0000 0000 0000 0000 0000 0000  0.000
Asgoa 0000 0000 0000 0300 0135 0.000 0016 0.000 0000 0000 0.000 0000 0000 0.000 0000 0.000 0000 0.000 0000 0.000 0000 0000 0.000 0000 0000 0000 0000 0016 0000 0100
Methamol 0000 0000 0000 0000 0000 0000 0000 0.000 0S8 7.15010.000 0000 0000 0085 0.000 2395 0000 0.000 0000 0.000 00003364324 0.000 0000 0000 0000 0.000 00323364324  0.000
Wax 0000 0000 0000 0000 0000 0000 0000 0.000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 000045444 0000 0000 0000 0000 0000 0000 0000 0000 0000
Gasoline 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0.000 0000 $415 £415 0.000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
Diesel 0000 0000 0000 0000 0000 0000 0400 0.000 0000 0000 0.000 0000 0000 0000 0.000 0.000 000011407 0.000 11407 0000 0000 0000 Q000 0000 0000 0000 0000 0000  0.000
Coal 416700416700 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000
Ash 0000 0000 0000 0000 0000 0.000 000010377 0.000 0000 0.000 0.000 0000 0.000 0.000 0.000 0000 0.000 0000 0.000 0000 0000 0.000 0000 0.000 0000 0000 0000 0000 0000

<Fig. 4.1> An example of stream table.

oM A2 SEM FEE S510] TEA IS AN 2SE22 ZHlE E7t X[ Z2tE Table

1D EE Economic values from TEA

Case 1 Case 2

TCI (Total capital investment, $M) 64.53 44.64

TPC (Total production cost, $M/yr) 34.32 52.07

ASR (Annual sale revenue, $M/yr) 5714 68.29

Financial DC (depreciation cost, $M/yr) 3.07 213

values GPavg (average gross profit, $M/yr) 19.75 14.09

Corporate Income tax ($M/yr) 434 3.10

CFavg (average cash flow, $M/yr) 10.48 7.40

EP4 ($M/yr) 9.14 6.47

ROI (return on investment, %) 1417 14.50

Economic

criteria PBP (payback period, yr) 5.86 5.75

IRR (Internal rate of return, %)) 23.6 233
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Plant 82/ ROISH PBP2| RIZHE 24 ZTbe £+ 3} 2et

40 A
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25 4
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15 4
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10 4 PBP = 5 years

--------- z

L3 I -~ el

0 T T T T
0 500 1000 1500 2000 0 500 1000 1500 2000
Plant capaéity (t/d) Plant capacity (t/d)

1
Base plant size (1,000 t/d)

<Fig. 4.2> Results of sensitivity analysis
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