A AES BOILER PERFORMANCE STUDY

Review of Sulphuric Acid Plant Waste Heat Boiler System
Client: Technip Energies, Chennai
Project: IFFCO, Paradeep, Odisha

Scope: Performance check

Thermal design verification of Sulphuric Acid Plant Waste Heat Boiler (121 TPH)
Mechanical strength calculations

Tubes and pipe sizing verification

Weight estimation of Pressure parts and non-pressure parts

Bill of material of Pressure parts and non-pressure parts

Estimated cost and predicted price range
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A AES BOILER PERFORMANCE STUDY

L] L] L] L]
Review of Sulphuric Acid Plant Waste Heat Boiler System
L] L] L] o
Client: Technlp Energies, Chennai A ADVANCED ENGINEERING SERVICES A ADVANCED ENGINEERING SERVICES
o L]
Project: IFFCO, Paradeep, Odisha THERMAL DESIGN CHECK COMPARISON THERMAL DESIGN CHECK COMPARISON
LMo, Description Unit{s) Provided Data] AES Ouput 51.Ma, Deseription Unit{s) Provided Data| AES Duput
1 |WASTE HEAT BOILER SHELL GAS DUTY Mikeal/hr 21 10
GAS WHLLME (Inchudied gid by pads) Mmd/he 198584 13R%R4 CTEAM FLOW kgfhr 171738 121738
GAS VOLUME (95% FLOW] Farmd/ he . 189034 CTEAM LT TENA — 1 1
(GAS DENSITY kgMm3 : LA STEAM EXIT TEMPERATURE C 7 196
GAS FLOW (35% FLOW) kg/he : 273236 STEAM DUTY Mical/mr 1 21
GAS INLET TEMPERATLIRE < Losa 094 SURFALE AREA ma 527 531
GAS EXIT TEMPERATURE at WHB T . 52
|sas ooy Mikcal/he 514 5.9 5 [ECONCMEER 5C
[evracs Gas FLow (5% FLoW) b/ . 14382 BAS RLOW kg/hr 21214 212148
[0 Gas TEmPeRATURE = T e GAS INLET TEMPERATURE c F 36
CTEAM oW T/ FETSET] PRI GAS EXIT TEMPERATURE C 225 257
SATURATED STEAM INLET TEMP 0 284 284 B DUTY MEcal/he ] )
AR — ST T WATER FLOW ke 123712 173712
T—{SUPER REATER 7C WATER INLET TEMP T 190 190
e o TR TR WATER EXIT TEMPERATURE T 1 35
[GAS INLET TEMPERATURE T 611 611 WATER DUTY Micalfhe 7 57
|Gas B TemperaTURE “ 235 435 SURFACE AREA ma e 2007
GAS DUTY Mkcal/hr 129 127 | & |ECONOMZERSA
STEAM FLOW kg /hr 121238 121238 GAS FLOW kgfhr 11T148 11zlae
STEAM INLET TEMP T 310 320 GAS INLET TEMPERATURE ' 215 15
STEAM EXIT TEMPERATURE *C A0 &8O GAS EXIT TEMPERATURE *C 13% 142
STEAM DUTY Micalfhe 129 127 GAS DUTY Mkl fhr A8 44
SURFACE AREA mi 3645 1637 WATER FLOW ke 123712 123712
[ 3 |SUPER HEATER 4B WATER INLET TEMP i 109 105
|Gas riow kg/ht 112152 112152 WATER EXIT TEMPERATURE C 135 146
|5As iNLET TEMPERATURE i 443 443 WATER DUTY Mikcalhe 4.8 4.5
|eas et TemPERATURE T 355 359 SURFACE AREA m2 1813 2653
GAS DUTY Mizal/hr 16 15 7 |[ECONCMIZER 38
STEAM FLOW g/ 121238 111238 GAS FLOW e 7395195 7355195
STEAM INLET TEMP s 257 37 GAS INLET TEMPERATURE "C 252 52
STEAM EXIT TEMPERATURE “C 320 318 GAS EXIT TEMPERATURE LS 166 166
STEAM DUTY Mkcalfhe 16 15 SAS DUTY prrw— i 7
SURFACE AREA m2 98 98 WATER FLOW kg 123712 123712
A [SUPER HEATEH A WATER INLET TEMP C 136 136
|5as Fruow g 212147 212147 WATER EXIT TEMPERATURE € 190 150
|5A5 INLET TEMPERATURE “C 395 395 WATER DUTY Mikocalhr 58 58
|Eas BT TEMPERATURE L 355 359 ERFACE ARER - 507 3806
3
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A AES BOILER PERFORMANCE STUDY

Review of Sulphuric Acid Plant Waste Heat Boiler System
Client: Technip Energies, Chennai
Project: IFFCO, Paradeep, Odisha

ADVANCED ENGINEERING SERVICES

Life Needs A Lot More Engineering...

PRESSURE PARTS TUBE THICKNESS CALCULATION AS PER IER

[FROJECT MAME - S
|[ECILER PARAMETERS : 1x 121 TPH/ 63 +/- 5 kg/cm*~2{g) / 480 +.5 Deg.C | |
JDOCUMENT ID : = | |

BOILER TUBES
t = kIinimum reguired thickness, (mm)

0. FORMULA- Egn. - 87 Z Reg. 338 WP = Maximuoem allowabie working pressure, (Kgicmt2)
O = the ordarad outside diamatar of the tubs
Tm= WFPxD/(2T+WP)+C = haximum alliowabke siress value at the design emperature
of the metal as listed In the tables specilied In PG-23, (Kgicmt2)
02, Aeduction In thicknass allowed at bands 10040 + 2 ) R Iz the maan radius of e bend to the centra line Of the tuDe (N mamp
C = 0 for the pressure above 70 KQ/cm*2(g)
Corros| Margin awvallable
o.D ThicK. Operating IT.?inn- as Deslgn an {:;:::I |Ian't:ﬂ Erosl-on on tube thickness
DESCRIPTION ) Provided wmmp. MATERLAL pressure [allowan allow ance afver aroslon
par |BR as per |BR
(o= =] allowance
mm {mim) Deg.C Deg.C Kgiem~2{g)| mm {mm) mm Stralght
ECOMOMISER 5A TUBES 0.3 5.54 145 11.00 DA 210G A1 BE6.5 1.85 3.95 4] 1.59
ECOMOMISER 5C TUBES 0.3 554 241 11.00 SA 210G Al B6.5 1.85 3.85 (4] 1.59
ECOMOMISER 3B TUBES 51 5.00 120 11.00 54 210G Al BE6.5 1.85 3.63 2] 1.37
SH.1C TOP BANK &0.3 5.54 440 39.00 SA 213 Gr.T22 759 1.85 437 4] 117
SH.1C BTM BAMK 0.3 554 480 39.00 SA 213 Gr.T91 759 1.85 3.8t 4] 173
SH. 4B BAMEK &0.3 554 320 35%.00 SA 213 Gr.T22 758 1.85 aAT7E6 4] 1.78
4
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A AES BOILER PERFORMANCE STUDY

Review of Sulphuric Acid Plant Waste Heat Boiler System

Client: Technip Energies, Chennai

Project: IFFCO, Paradeep, Odisha

vescrmon | e oo || T U RN e | i [Tl ke | GaS | s | cosns
mmm | em | 0 m  [Kpisqem| Dep.C Hafem~2(g) | Degf | mm i ms mm B
ECONOMISER
IEECI 3B BILET HEADER 250100 273 18.26 | 02365 70 25400 SA 106 Gr.B BE.S 200 0.00 14.707 15.978 1.271 CAFE
IEECI 3B QUTLET HEADER 250100 273 18.26 | 0.2365 70 25400 SA 106 Gr.B BE.S 200 0.00 14.707 15.978 1.271 CAFE
IEECI S INLET HEADER 250100 273 1826 | 0.2365 70 25400 SA 106 Gr.B BE.S 200 0.00 14.707 15.978 1.271 CAFE
|EEC| S QUTLET HEADER 250100 273 18.26 | 0.2365 70 25400 SA 106 Gr.B BE.S 200 0.00 14.707 15.978 1.271 CAFE
IEECI SC INLET HEADER 250100 273 18.26 | 0.2365 70 254,00 SA 106 Gr.B BE.5 280 0.00 14,707 15.978 1.271 SAFE
IEECI SC OUTLET HEADER 250100 273 18.26 | 02365 70 25400 SA 106 Gr.B BE.S 200 0.00 14.707 15.978 1.271 SAFE
SUPERHEATER
SH 1C INLET HEADER I00ci4d | 3238 28.58 | 0.2666 &5 JM.00 S 335 Gr P22 758 510 1.5 23.746 25.008 1.262 SAFE
SH 1C GUTLET HEADER I00cisld | 3238 26858 | O.2666 &5 00000 S 335 Gro P22 759 510 1.B5 23.746 25.008 1.262 BAFE
5H 1C INLET HEADER 0000 | 3238 2144 | 02800 &5 40,00 S 335 GroPal 758 545 1.5 17.518 1B.760 1241 SAFE
SH 1C QUTLET HEADER 00100 | 3238 2144 | 0.2809 &5 480,00 S 335 Gropal 758 545 1.5 17.515 1B.760 1241 SAFE
5H 46 BLET HEADER I00ci2D | 3238 2540 | 0.2730 &5 297,00 S 335 GrPE2 758 420 1.5 16851 22,225 5374 SAFE
SH 46 QUTLET HEADER I00xi2D | 3238 2540 | 0.2730 &5 3M000 S 335 Grp22 759 420 1.85 16851 22,225 5374 CAFE
SH SA INLET HEADER 0160 | 3238 33.32 | 0.2572 &5 264,00 SA, 106 Gr.B 759 420 1.B5 22.526 26,155 6. 625 SAFE
SH S& QUTLET HEADER I00xi20D | 3238 2540 | 0.2730 &5 297,00 S 335 GroPll 759 420 1.85 18,964 22,225 31261 CAFE
Review on Header Sizing
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L] L] L] L]
Review of Sulphuric Acid Plant Waste Heat Boiler System
L] L] L] o
Client: Technip Energies, Chennai
o L]
PrOJ ect : I F FCO’ Pa ra dee p’ Od ISha STEAM DEUM ENDS THICKNESS CALCULATION - SA 516 Gr. 70
S.No. Cescription Unlis
PROJECT NAME : IFFCO 1 |Thicksss of SeeamDrum Dished endsl, T1 mim 90
BOILER PARAMETERS - 1 x 121 TPH/ 63 4/- 5 kyfemr2(g) [ 480 +/-5 Dag C 2 |Steam drum Orum /D _ mm_ 2400
3  |Working Pressure (Wp) = Design Pressure Kg'cm® ig) T4.5
DALUM THICKNESS CALCULATION - SA 516 GA. 70 Design s mperaius deg.G 204
4 |Inside Diamsater of man hole nozzle, VD mim 410
5 |E 1
STEAM DRUM 7 |Premissibe Working Stress of SA 105 material Kg/iem® 1323.98
8  [Tmin {for nozzle), ((Wpx D)/ (2x fx E - Wpl) + 0.762 mm 13.45
S.Mo. Dascription Units ‘9 Ou_'.sida Diar_na'.ar of r\icxzzla id] mim E;J_C
1__|Design pressure, Wip Kglcm™2 (g} TO.5 _':' Thickness of nozzls (Tt ] _ mm —
7 |Maximum Working Temparatura, 11 CH D04 ! 1 [Maximum La.ngth af !’\}Rb ralnfamamar". (L2) = Sqrt {dx TH) mim 50
T |Metal Temperature, 12 - (T1.0] Dui=ide the Ges palh < T} 2 |As per Drawing Maximum Length L= R — ‘9355
_ : — 13 |2 (Tt-Tmin) + (L2 x T) x 2 mmZ__| 16270.6745
4 [Seam Dum (D mm 2400 14 |Tmin = Steam drum Dishend thickness mim 72.0000
15 |Imaginary diameter (d1) =d - (A Tmin} mm 2r4.0156
SSIELE WORKING STRESS i) = Et 1. —— —
PREMI M=E/1% Outside Diameter of Head [D) = Steam drum I'D + (2 x Steam
16 |drum thickness) mim 2580
5 [f-Allowable streas at 300 deg.C Mpa 136 17 _|d1/ sqrt (D x Tminj) i 08355
& |i- Allowable siress at P50 deg.C S 136 g :[‘:ﬂ""‘ﬁ“ Dished End - A4/ SK - 503) mm f]-g
7 [|Allowable sirees al melal lempereiure MPz 136.24 20 A OE "[. o ::3 108
= Allowable Strees at Melel tempereture [From ASME Section - T ) SI; 2 "? - = - -
o . . . — ape factor (k) from IBR Figure Mo.: 23D 078
E D-'_ _ Kglcm2 35'8_ il 22 |Stress value for Dished end material at drum design Bmp 13888
10| Thickess of Steam Drum Shell, T1 mm i) By Reducing the stress values by 1% every mm thickness after
11_|Premissible Working Stress (1] Focm 2 1388.07 | 23 |60mm thickess o 0
24 |Stress value for Dished end material st drum design Emp Ka/cm™ 13B8.7656
LIZAMENT EFFICIENCY (LONGITUDIMAL CIGAMENT OF MAIN
BANK TUBES)
1E_[{E] Longitudinal = (p-di/ p 1.0000
MINIMUm ThicKness Aequired [Tmin)
MINIMUM THICKMNESS
22 |Tmin= (Wpx Dxk/({2xf)) + 075 mm 59.09
17 |Tmin, ((Wpx D}/ (2x ix E - Wpl) + 0.762 mm T1.48
21 |Rolling Allowance mm 0.0 23 |Thickness Provided, T2 mm 90
21 |Corrosion Allowance mm 1.6 31 [Wagn n ThE= T2 Tmh mm I
22 |Total Required thickness mm 73.08
23 |Thickness Provided, T2 mim 75 25 |Thinning Allowanca % 34.35
24 |Allowance = T2 - Tmin mm 1.920 =
*Minimum 15% allowance required.
Review on Steam Drum thickness And Dished Ends Thickness calculation
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L] L] L] L]
Review of Sulphuric Acid Plant Waste Heat Boiler System
L] L] L] o
Client: Techr"p Energies, Chennai ADVANCED ENGINEERING SERVICES
o L]
. d dish WEIGHT COMPARISON SHEET
Project: IFFCO, Paradeep, Odisha —
AES Estimated provided
SN, Description Fabrication Weight| Empty Welght in
PROJECT: [IFFco in MT MT
BOILER PARAMETERS : |1 ¥ 121 TPH / 63 +/- 5 kg/em”2(g) [ 480 +/-5 Deg.C 1 WHE ZED 280
o 2 Steam drum 81 BS
WEIGHT in 3 Riser DC piping ] 5
EENI | HESEHIECH LD ID/ODin | THKin |LENGTHin| WIDTHin MT AECLIE 3
= = — e Steam Seperator 10 b
PRESSURE PARTS 5 SUPERHEATER. 1C
[WASTE HEAT BOILER - SHELL & TUBES Top Vestibule 4 4.5
1 Shell SABIGBGr70 3807 110 8372 9325 | 242.72 Top Tube bank I8 35
2 Tube (Seamless) SA 210 Gr A1 57 5 8200 101.47
3 Tube sheals in single pass SAG16Gr70 3800 3 516 Bottom Tube bank 43 A0
4 Intermadiate Tube sheeis SA G516 Gr 70 3800 36 8.16 Botiom Viestibule E a8
5 Intarnals (spargers atc.,) - 544
& Stubs&AttachmantsMozzles, Stubs & Attachments, Insulatio SA 106 Gr B 13.99 L SUPERHEATER. 48
cleats - Top Vestibule 4 3.5
7 Support Saddles, lifting lugs IS 2062 Tube bank 29 24
P Base plate, 55 Iire_r. PTFE pad, Anchor plate, Anchor bolts, IS 2062 12,99 Bottom Vestibule ] 0
Held down cum guide clamps for each support
9 Manholes & hand holes IS 2062 £l SUFERMEATER. _5*'
10 Caramic Farrules Zirconium Silicate 1754 nos Loosgrguppl_pry' by Top Vestibule L 3.5
- - Notin TSPL Tube bank 21 it
11 Heat Resistant castable on end tube sheets (76 mm thick) 0.00 scopa Bottom Vestibule 5 20
Waeldad with
12 Anchors for HR castables 55310 1100 nos ngrIE 0.03 tube sheats at L ECC 5C
_ shop Tube bank 61 ]
13 Rolling charges
14 Tube sheat drilling charges £l ECO 5A
15 Heat freatment charges Tube bank i 53
WASTE HEAT BOILER - SHELL VESTIBULE-1 10 ECO 3B
1 Shell SAG16 Gr70 4352 14 4500 7.08 13.06 T v il 1 5
2 |Dishedend SA516 GI 70 1 163 op Vistiuee 3.
3 |Support Saddies, lifting lugs 1S 2062 293 Top Tube bank 81 51
LT — e - Botiom Tube bank] 39 71
5 s&Attachments, , Insulatio cleats r i -
— - Mot in TSPL Bottom Vestibule ] 20
[ Brick lining, {115 mm thick, 3 layers) <o
7 |Anchors for brick lining 55310 2700 nps | AT TX 043 | Welded at shop EDZ
7
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Review of Sulphuric Acid Plant Waste Heat Boiler System

Client: Technip Energies, Chennai
Project: IFFCO, Paradeep, Odisha

—- Basic | Basic Fab. | Basic cost
WEIGHT 1| M2t Rate|  Rate | in Laihs
SLMO |DESCRIPTION MATERLAL SR [N | S—— | — | (Lakh per | (Lakh per REMARKS
STEAM DRUM
1 |Crum shal 5A 518 GATO 2476 7E 000 45.61 0.53 1.00 E3.48
Z  |Dishedend SASIBGATD o 13 102 125 =778
- Inlemals [spargars, Vorsex Bragkars, - .
N Dm misters, Cash plate lor Fise r5} GS/35 G.BE 2.30 1.00 9.31
4 |Siubs & Attachmens, Iing lugs 5 2062 B.GE 0.5 0.5 120
B |Nozzes & Fanges SA 106 GIB/5A 106 228 120 10 502
7 |Cown Comers EA 10BGI B =3 127 7000 B RE 110 078 9.48
B |Al=e SA 106 Gr B 508 618 1000 ] 070 170 078 171
5 |A=n BA 0B GI B 3556 18.06 1000 z [.55 150 075 [E]
T |Saodes IS 2062 E.54 0.0 0.80 958
11 Rollng chargas nciuded
12 Dishing chargas nciuded
13 He st im eimanl chargas nciuded
STEAM SEPARATOR
1 |Separetor znell 5A 518 GATO 1650 Bl 2000 441 0.58 070 7.5
Z |Dlzhedend A 518GATO B 3.36 0.58 125 7.48
5 |nemas CE/88 180 230 10 ]
4 :Exei :“Ha;:g;'s' fiing igs. SA 106 GrE/ 8A 108 117 a7s 0.65 152
B Rollng chargas nciuded
B Dishing charges nciuded
7 He et im atmant chargas nciuded
SUPERHEATER. 1C
1 [Tubes - Topoank EA IS T2 GE] E.54 748 145 10 4288
z  |Fnweint 55 40 737 350 115 3427
3 |Tubes - Bomom bank SA 213 T 0.3 5.54 186 450 1.0 124.63
4 |Fnwegnt S5 4105 B2l 3.75 115 [ERE]
E  |Tube bends i top bark EAZIa T2 6.3 87 LA 150 1100 218
B |Tubes oulsids ges pan In top bank EA IS T2 GE] E.54 138 145 100 330
7 |Tube bends i baltom bank 5A 213 TH 0.3 57 1108 480 120 652
B |Tubes oulsiie gas pal In boliom bank, EAZIG T2 B3 E.54 135 150 100 EET
5 [\t header - Top bank SA 535 P22 326 .56 F7EL L& 150 1.00 2.8
10 |Cutiet header - Top bank SA 535 P22 3236 .56 6L a7 150 100 EXT
11 | it heaer - Boltom ek SA 535 PO 3238 Bl 6L T.66 E.00 120 IRE
12 |Oubiet header - Botiom bank SA 536 PO1 326 ] 6L [.66 E.00 120 IR

Review on Cost Estimation
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