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Table |
World Basic Chemicals Capacity in 1990
{million t/a of product}

Sulphuric acid 233
Ammonia 145
Urea 99
Ethylene 62
Chlorine 42
Soda 35
Methanol 23
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Fig. 1: World Population and Ammonia Production
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Table 1i
World Supply/Demand Balance?®
{million t/a N)
1987 1990 1991 1992 1993 1994 1995 2000
Capacity 118.4 1225 1225 1245 1267 130.0 1333 144
Demand 92.0 964 982 101.5 104.3 106.7 108.6 118.3
Capacity utilization
rate needed to
meet demand 78% 78.7% 80.2% 81.5% 82.3% 82.1% 81.5% 82.2%
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Table 11I
Feedstocks for Ammonia Prod. ction as Percentage
of the World Capacit*y (1990)°

Feedstock

Natural gas 77
Naphtha, LPG, refinery gas 6
Fuel oil / vacuum residue 3
Coke, coal, coke oven gas 13.5
Water electrolysis, by-product hydrogen 0.5
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Table IV
Molecular Hydrogen-to-Carbon Ratio of Feedstocks
for Ammonia Production

Coke or coal 0-0.8
Heavy fuel oil/vacuum residue 1.5
Naphtha 2
Methane (natural gas) 4
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Fig. 2: Ammonia Technology for Various Feedstocks
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Table V
Relative Investment Cost and Total Energy Demand for
Ammonia Production from Various Feedstocks

Feedstock Process Total energy Relative investtment
GJ/t NH, (LHY) cost

Natural gas Steam reforming 28 1

Vacuum residue Partial oxidation 38 1.5

Coal Partial oxidation 48 2.0- 3.0

(Basis: Steam converted by its calonfic value, power rated at 0.01 G¥kWh, energy
export or import included)

gomz A7t oA FHE ASTFE U BRI B ol d FHE
Ageisdls RS0 E4 4k ol Rasl "tk FAd AgHe EHE KA
Hao M BREo 2 44E dRuol 1139 Moluix BkEe F7hshl frh. Table
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Wt 252 SYolA M FL AAe EFVIeS AES RED FRUMEE

O] HEXS Table VIO Yewitr, o HEE 2y o 2045 RARVtEe €&
Yol g FRM=M AuH AxE Akl 2R P s,

Table VI
World Resources of Fossil Raw Materials 1990%

l Coal Mineral oil Natural gas
Reserves 1,079.10° ¢ 137.10° t 119.10'2 Nm?
Annual production 4,338.10% t 3,148.10° ¢ 2,059.10° Nm?
Expected life time (years) 238 44 58
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¥ MOoMLEY THREOE AT GRS FEE AHE3ts Bol sojv 23 &
AA7E Wtk BEIBHELS Yot T BEEREWE 2 Hedl ASAAE JH7HA
FaxTRoZ Izg HEsty $toh. 23U mAmIIATAE HEol o7
wEo H7dgol what Aol BENQ ojW EA o] oy ¥4 Urhs Zo] dHH
Aot MWAEELEA AT FRUI2EES FAT ¢ UAJD AL RS Ao
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p 4

Table Vil
Ammonia Production Cost from Various Feedstocks
in 1991 in North-west Europe
(1,800 t/d, new plant)
Feedstock Natural Vacuum Coal
gas residue
Process St. ref. P. ox. P. ox.
Feedstock price $/million Bru 3.1 2.3 2.1
Total energy consumption million Bru/t 27 36 45.5
Feedstock & energy costs  $/t NH, 83.7 82.8 95.5
Other cash costs $/t NH, 30 40 60
Total cash costs $/t NH, 113.7 122.8 155.5
Depreciation 6 % $/t NH, 21.2 30.2 50.4
Finance charges 8% on 17.2 24.2 40.3
60 % of investment $/t NH, '
ROI 16 % on equity $/t NH, 22.6 32.3 53.8
(40 % of investment)
Total cost $/t NH, 174.7 209.5 300.0
Investment $ million 210 300 500

RR7MEE AHE3te 2HHETHY ERe U wERL 2180 £ERKA
g 23 F= TEHS ok 7HE &FY TES A X A B
&R (Cash Costs) 9] 83%E ehlio} MIF(H (Total Costs) ] 55%0]¢& AT+, FE
BXY) FEQ GREU TR oA BRES dRulol 1t 35MMBtuRZ A B2 o)
o gAEo 2 HRRE w2d FHMY HEL 2 #Helch st ERH dRY
oHEARS RIMES M wet LU gol Zked olHL A 10FMe] Fimet &
2y oHE#E-& e Fig. 39 X0 &AM & dgso] Slrh

_43_



Fig. 3: World Ammonia and Energy Costs 1980-1991
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Table VIII
Geographic Distribution of Known Natural Gas
Reserves in 1990
(119 x 10'2 Nm? by end of 1990)

Russia 38 %
Arab Gulf 31.5%
North America 6.3%
Caribbean and Central America 4.5%
Algeria 2.7%
Indonesia 2.2%
Nigeda = 21%
North Sea 2.0%
Netherlands 1.4%
Malaysia 1.4%

Fig. 4: Ammonia Costs at Various Locations
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Fig. 5: Primary Reformer
Parameters for 0.3%
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2 e o) Wid BEe Tdse st=9 BHES SUHA FA H
ol oA AR 2" FHEO HE EFolol e EUE o R/t He Aot 2881
Rz BS ol R QT ANAAEHY BR7L Holok ook, EHim
FBo Fd(Cracking) & Hdtedl 27HE Had 28 7hdke 1.0& 43

T dod He Holth, ®LIR ERMoR FET 28 #Hs] Alde &
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e
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EF

7b 2.00] Hojof g, au BEAEI/IEL 29 MY HE 2.2
2 g A3 stRunEe A¥el A Ao st ok 2R KH B
VX Tl ojr Az FE@Ese 28 7HEe (e (ERED Low—duty) SUE M
sias oF 2.72 33 FHE (High-duty) UE Mol tlsire oF 3.022 3fof Erf. (of
Aol A9 Fx).FEY ES FHP RIEFT (E97leF 9 BEKERE) S dEY
ofT#e] B—%ES 7 21 v Holy] Wl fHF RAEIH-L IXNSEES 8

S 2RBBEEE R WA s ZEFFAY A7]E 22 oJRE Wdte vbel “{KEE
77 2EAEEE oul s ool 2B EME] BRSO Z ZRS K N9 HQl 3118
233 B RS Utz e¥dT. HEREY FEEc REY dFE2
HiEMeE BAEHE Bg AHEH Hoz REE Alsdor 32 IRFEEANM &
F g3l o) HRY B2 E Braun FE oo TRl e o THEL BRER
2 vepdlolglY chE2EYd Ye 44 “Purifier’sti st BEREMREA SHANAM
mgolu ¢ &4 A, e FEES AHEE IC1Y AWIRAA = JERHRIY
BRIV N,=2.5: )7} @RFZo] THdT. FBEHRE F4E BEED B2
HA 7tz BE KFKE BT AAG HETMY FE e Table Kol 5 3
£ ule} o] a3 " & ok, 2HHBEBMANE FAN 27HA F BE S HEES F
Bo] 8% FAH HERAJT. &S ¢ BEY FRO 2 giEe E9E Aol
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Table IX

Comparison of Reforming Conditions in Modern
Low-Energy Ammonia Plants with High- and Low-Duty
Primary Reformers

High duty Low duty

Primary reformer

Steam:carbon ratio 3.0 2.7
Exit temperature, °C 814 693
Outlet pressure, bar g 395 30.1
Exit CH,, mole % (dry basis) 13.2 29.4
Reforming heat duty, GJ/t NH, 4.41 2.13
Relative catalyst volume 1.0 0.8
Secondary reformer

Process air inlet temperature, °C 600 500
Exit temperature, °C ) 1000 870
Exit CH, slip, mole % (dry basis) 0.60 1.65
Ammonia plant

Total energy consumption, Gj/t NH, 28.0 28.0
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ICI7F Agoz FES Aoz mER dgebs A& AHgaoh, 2R KA (12)
of vehdupel o] B B7] il BRIERAEC] (REE o
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AT o) K o7 GRYOTHM AHEH Qe B sEe A 4
FAA Fh
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ol 7128 FeuM ALHomn BMS fiasior Hy WEd @&t oA €
Rolth, REERL @B REBREN A 27 Wi e 248500 EEimEol
HERY FEe ZoU BfEHe A £9¢ el a8y o] RS HEBHES
e TR FEEClY o= =9 FYMEE/IA REEE A d=v. IER R
Bol yFuog Ry 7122 #E HEAATE T8 WY EL BRitcld 29 HE
< 7t28 3] R fuithE & SRS =Gl et a2k, webd o)A #
grFe SEEY FEhrt TRtk AV He Rl &y e w2 FHH
e S AMgsr=E 5] f1sro] e ARMERES S7HAA

FENoF Hrh. £ o] TR Be BN HEEHAVE de Aol vl HR
FEEE HESH] [EBbEC] =& BES Foix EMo HAstn mEUEEHS o1X
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B R 2 MRS TE2 vehd ol

Fig. 6: Etfect of Catalyst Design Variables on Tube Wall
Temperature Profile for a Top-Fired Reforming Furnace

860
8404
8204
© 800
=)
3 780+
©
% 760
% 7404 le ) curve 1: base case
E Se === curve 2: base case with twice
g 7204 S 7/ surface area
= o/ e ¢ o ¢ o CUrve 3: base case with twice
700+ o) heat transfer
. - . — . — curve 4: base case with twice
680+ _ surface area and
660 . ; ] ' ' twice Iheat trlansfer‘
1

2 3 4 5 6 7 8 9 10 11 12
distance down tube, m

- 52—



ek o bRl RoFel BT ZH LSOl JdsiM BEE o &3 =2
B LA E s B B A FHA AMSEHE SHEYUEY ) BHE oz

HAA AN PBESF BER HEIATH (FRY THmHole o Bl Aol &
xA9 Z7l Bgo g d @R s Hol YA @gsted ol BhHEI}
H2 F7HEA 7] WEelth) N2 Y i U wmEMMts B2 $8%
Rolth, BRAYAYE vt A2 ol ¢ Fad 2 13L& EHFT BBEE (Hot Spots)
olut A&k Aol B (Hot bands) o HAH L RT3t BWE TEY Wi,
SRUEA BEc Aedor Hwayddd =438 2L BEES Asdn oo
ERES = Fo] vA g2 vBEAEYY EEy AHEETH IKEBES vzstd
sl gake] wroh(15-250 tidted 5-10%¢)) . BEo 2 ¥E 2HE 2 EREEDL ¢
EEEo] RolA7] W ol 1kEMEE 5 - de B 5-10%% TR e
Zolth, BB EME ] QMY Rde RENY B2 dlod ITRA RS 445
71 AErgu oh A g e BN 3 Y FE0 A9 e KEMS IR FEX
ZZRoIT. RYEY BEHEETA s dF eIt B B EX ¥ (Target bricks)
o2 ¥ AR A FE AW BE Y45 AFAV 9. B BaL

Aura o 7 G4E o] Alo| T},
o WMol B

Ad 10EFL r1H oz R F2 AR AFE BEA 449 AU, A
698 HK40& &2 Pompeyiit (B Lemanoir) 7} Manaurite 36X44S REP S Uwrs}s o]
HEEAoE de AHEsEd. o] 442 HKoRT Y &Ee ¥4 B B4k
ol:=AFE Fon YuLNb)og RELF Holth, o] H49 A ZHHHEM: (Creep
rupture behaviour) & gﬂ]@a} QA A E g HK40# T oby] 2} A297RTHE Hojd
Zojtt,
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Manaurite 36X¢ HEIE TS £4T mURE EEVF #Ped AE =9 Schmidt
and Glemensiit7} BAE 3 G48524 &0l th. Z B TEHio] &2 Manaurite 36XHEHS ZA=2
o-g-U ol HaRtmEA BEEE AV WEY Aoz AP, driyoe

o] kA4 BEE SEALHET RFEY HRET W] BEd Roez Yyt
oA AT A&tEad KA R Kol hdts ERCl drt. o R
ooz #EE HTHEML 5 dud gz & 2o IezdRE PEL =

A= Aoz AR}

Table X& FRafk® FHME S (LSEmE ek Rolth,
Table X
Chemical Composition of Reformer Tube Alloys
Grade Ni Cr Mn Si Nb Mo C P S
A 698 HK 40 (min) 19 23 0.5 - 0.35
1.5 0.5 0.04 0.04
(max) 22 27 2.0 0.45
A 297 HP (min) 33 24 - 0.35
20 25 0.5 0.04 0.04
(max) 37 28 0.75
Manaurite 36X (min) 32 23 0.
1.5 15 1.5 0.03 0.03
(max) 35 27 0.45
FTH F2 MH= HERTA Jd=d G EY Lemanoirits XMEELY &S T
712 len] o]AE MAESo EEeEd FEERSE Fste] e Aotk o] Mk

A THA o] MEE BESA ARSI E B2 ¢tk o] BRI M= BE
fRiES] A2 2o 4 o &7t e Aoz Azhdoh, o HKe = 493l o

Bl&R o] YAHot}, Maurite 36X A= FAMG ERo =M HK40R T Zto) o o]
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