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CHAPTER-I \ 

1. INTRODUCTION 

1.1 At the NFC-UNIDO Seminar on MINI-FERTILIZER PLANTS, held 

at Lahore on November· 15-20, 1982, FEDO had presented a 

design document for a 100 Metric Tonnes/day Ammonia Plant. 

A modular concept had been adopted for the design using 

established process steps. In line with the logic of 

long-term availability of raw-materials in the majority 

of countries, two designs based on Coke and Fuel Oil as 

raw-materials and with many common elements were presenteJ 

in the document. The reasons for the choice of these two 

raw-materials had also been explained. 

1.2 The discussions at the Seminar favoured a modified-approach 

for the final design study. Based on current plant 

experience and the expected availability of small pockets 

of Natural Gas. in many developing countries, it was decid-

ed that designs based on Coal and Natural Gas also be 

done to supplement the available study on Fuel-oil. Thi~ 

has now been done, adopting fresh appruaches from those 

previously followed. Two basic designs, one based on Natural 

gas and another based on Anthracite Coal are presented in 

this document. In effect, taking both documents together, 

UNIDO have four different designs and using the modular 

principle, many possible variants. 

1.3 The very conception of mini-plants has been born out of 

the recognition of fertiliser as an important input in 

the economic evolution of Developing Countries and the 

uncertainties affecting supplies and prices following 

on the oil price crisis of 1973-75. The heavy impact of 

higher transport charges on prices favours local 

manufacture. To many countries the introduction tc• 

sophisticated industry could be through local mini-plants 

which will help to up-grade technical capabilities and 

promote better agriculture. 

. . 
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1.4 The rising price of energy has focussed attention on 

energy consumption per unit of fertiliser output. Large 

single stream plants are favourably placed on this 

score, since the effective gathering of fugitive waste 

heat is more easily done in these units. Most plants are 

self-containe<l in power requirement by adoption of designs 

which use process heat for meeting this need. A matching 

of available heat with the imperatives of design of 

principal machinery confine these achieved high 

efficiencies to the larger sizes of plants. A limit~tion 

on energy efficiency is placed on Mini-plants by the need 
to depend on purchased or generated electric power for the 

principal drives. Direct comparisons of energy consump­

tion per unit of product are therefore not in order. 

However, it may be noted that a 1979 St11dy on Ammonia 

plants in North America*, where a large number of the 

most advanced Ammonia synthesis plants are installed, shows 

an energy consumption of )1.209 x 106 kilo calories per 

Metric Tonne of Ammonia. This figure may be taken as a 

fair index for comparison of new designs. 

1.5 In presenting the first document the logic which governed 

the selection of preferred raw-material for a design of 

plant for wider application had been discussed (para 3.1 

to 3.4). The assumption of the availability of local 

pockets of Natural gas based on the fairly laxge number of 

countries with potential (listed by BEICIP, a Bureau of 

the Institute Francaise du Petrole in 1980) is the logic 

\ 
. i 

for the Natural gas alternative presented here. It is assum­

ed that many of these deposits are recoverable economically 

for local consumption and a p=ice of about $4 per 1000 cft. 

has been assumed in the costing. Anthracite Coal is a 

commodity in abundant supply and is the raw-material 

assumed for the second design. 

[*ENERGY AND FERTILIZER : IFDC TECHNICAL BULLETIN IFDC-T-19) 
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2. PROCESSES 

2.1 Ammonia Synthesis 

The design of the AlJlmonia Synthesis module is common 

for both alternatives. From the receipt of purified 

Synthesis Gas till the delivery of liquid AMmonia into 

storage is the compass of this module. In order to reduce 

the number of rotating machinery'· the simplest Ammonia 

process has been used, namely, the Casale Process which 

requires only the Synthesis Compressor. The system operates 

at 400 kg/cm2 which does not present any problems of 

availability of equipment ~t the small size of Plant being 

considered. No refrigeration machinery is involved. 

Circulation is by ejector which is trouble-free. Maximnm 

recovery of Ammonia is effected by scrubbing the Purge 

gases and distilling off the Ammonia. The residual 

purge gases are available as fuel for process or 

off-sites use. 

2.2 Synthesis Gas - based on Natural Gas Reforming 

2.2.1 The design adopted is based on the orthodox flow-sheet 

of Natural Gas Reforming Plant. Natural Gas at 
40 kg/cm2 is preheated before passing to sulfur removal 

by Zinc Oxide. The gas is then mixed with steam and 

reformed in two steps, primary and secondary. Heat 

recovery is effected from the flue gas by heating 
process streams and combustion air. The heat in the 

process gases is used to raise steam for process purposes. 

There will be a surplus of st.earn which can be used in off­

si tes. 

2.2.2 CO conversion in two steps, High Temperature & Low 

Temperature reduces CO in the process gas stream by 

combining co with ~team to give volume for vol~me 

conversion to Hydrogen. The gas stream which contains 
Hydroyen and Nitrogen aa well as co2 is then processed 

for removal of co2• 
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The Benfield Process, which is widely accepted has 

been adopted in this case for the co2 removal step. 

Physical absorption processes like Selexol Process 

are available: but .are yet to make an impac:t and hencl? 

choice of the more widely adopted Benfield Process. 

The bulk of C02 in the gas stream is removed in this 

step. The output gas stream is essentially in the ratio 

needed for Ammonia Synthesis and needs only the removal 

of the small fraction of Carbon Oxides still left. 

This is done by methanation which converts carbon oxides 

to process-neutral methane. The gas is now ready for 

compression which is the first step in the synthesis 

module. 

Synthesis Gas - based on Anthracite Coal 

Even though Coal and Coke were the raw-materials used 

at the beginning of the Ammonia industry, these widely 

available raw-materials· were replaced by the more easjly 

handled Petroleum derivatives, Naphtha and Fuel Oil where 

Natural Gas was not available. The changing pricing 

structure of fuels provokes a revision of attitude 

to traditional fuels. There are several popular 

processes for their use in gas making which have made 

their strong presence in improved versions in recent years. 

For use in Mini-Ammonia Plants, where simplicity and depend­

ability are important criteria, the Wellman Gasifier 

using enriched air is b~ing proposed. The use of PSA 

unit for providing the enriche~ air is a simpler 

alternative to the cryogenic ~nits, normally used for 

Partial Oxidation Processes. 

The PSA unit uses molecular sieves and the pressure 

swing principle to provide a supply of enriched air 

with oxygen content of 46% which will ensure a properly 

proportioned Synthesis Gas at the end of the gas making 

module. Since the Gasifier itself operates at near 

atmospheric pressure the enriched air is delivered at 

low pressure. 
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The Wellman Gasifier is a well established equipment 

which has proved itself in many installations. Multiple 

units- are used (three in this case) sc that even in 

the event of maintenance of one unit, Gas supplies 

to the synthesis plant is not interrupted. The ~as 

leaving the producer is scrubbed free of dust and higher 

hydrocarbons and sent to a gas holder which serves 

to even out process flews. 

The gas has to be scrubbed free of any sulphur cont~nt 

before further processing. The Benfield Hi-pure 

Proc~ss is used after compressing the gas to about 35 

kg/cm 2• Since the BenfieJd Process is used after 

CO-conversion to remove co2 from the gas str.P.am, the 

Hi-pure Process fits well into the general scheme. The 

compressing of gas to the intermediate pressure enables 

the purified gases to be deliver~d to the synthesis 

module at the same pressure as in the case of the 

Natural Gas alternative. 

CO-conversion is carrien out in High Temperature and 

Low temperature Stages. The Carbon Di-c~ide formed 

is removed in the absorption towers of the Benfield 

Process and the gas passes on to Methanation. With 

carbon oxides reduced by conversion to Methane to a 

residual of less than 10 ppm. the gases enter the 

suction of the synthesis compressor. 

The Gasification module is tailored around the Wellman 

Gasif ter which is considered simpler a·:~ easier to 

operate than other coal gasification equipment. It 

will be noted that unit production costs are higher in 

this case in spite of lower raw-material costs largely 

on account of electricity and steam costs as well ao 

depreciation. The electricity ano ~team consumptions 

' 
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suggest a Co-generation cycle Power Generation at 

the site itself thereby making substar.tial savings 

due to higher energy efficiency. 

\ 

3.0 DOWNSTREAM PLANTS 

7he recommendation made regarding down-stream plants 

in Chapter-I - para·-7 of the earlier document is . 
retained. Product costs have been presented based 

on new co~ting of Ammonia. 

4.0 GENERAL 

4.1 In presenting revised designs the following require­

ments i.ave been met. 

4. 1 • 1 

4. 1. 2 

4. 1. 3 

Alternate designs for the use of Coal and Natural 

Gas have been prepared as required. The modular 

pattern enables the substitution of part of the Fuel 

Oil design earlier presented to combine with the new 

Ammonia Module. 

The design for Natural Gas processing follows classical 

steps since none of the newer process steps publicised 

h~ve been established yet and the savings indicated 
are marginal and still to be proven. The design for coal 
has used the simplest and fairly widely accepted Gasifier 

in combination with a standard PSA oxygen enrichment unit. 

Benfield Process has been adopted for both routes as 

it is presently the most widely accepted purification 

step. The Benfield Hi-pure Process for removal of sulfur 

incorporates easily into the system. 

The generation of power has to be done in an off-sites 

unit. The surplus steam from the Natural Gas Reforming 

process and the requirement of ROWer and steam at low and 



4.1.4 

4.1.5 

4.2 

4.2.1 

I (7) 

medium pressure in the Coal Gasification Process 

can be suitably integrated with the off-sites unit. 

This may be done more effectively in specific cases 

since locational factors are involved. 

Investment and production costs based on a location 

in India have been presented. 

Two Gasification modes and a Synthesis Process have 

been provided in this document. Each of these 

processes can be standardised with limited modificaticl; 

made for local factors. Moreover the modules within 

each group can be repla~ed if an improved process 

becomes available. Particular attention has been paid ·~o 

choosing the most easily operable process units and 

schemes. 

Energy Efficiency 

Quoted below is an extract from IFDC Bulletin "ENERGY 

& FERTILIZER": 

"There do not seem to be any commercially feasible 

technological breakthroughs in Nitrogen manufacturing 

that would resul.t in major energy saving". 

What this means is that while further energy 

savings are desirable, those publicised are at best ma, · 

ginal and unlikely to affect the perceived advantages 

of economy of local manufacture. Quoting again from 

the same source "For example, operation of an Ammonia 

Plant at 60% capacity may use 25% more energy per tonne 

of product than continuous operation at full capacity", 

it is clear that the utmost emphasis needs to be paid to 

design features which mak9 uninterrupted operation 

possible. 
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In the larger plants with complex process linkages, 

it h~s been observed that a single interruption in 

a month increases •the monthly average consumption of 

energy by as much as 10%. The ability to operate for 

long periods without interruption, engineered with 

comparative ease into the simpler designs 
presented in this document may therefore be their 

best recommendation of Mini-Plants for developing 

countries. 

' 
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OIAPmR II 

MINI 1H-DllA PLAN!' 

1. Natural Gas steam reforming 

1 • 1 Design basis: 100 Ml' per day of Anhydrous Anm:>nia 

1.2 

1.3 

Raw Materials: Natural gas of following ca1pbsition by vol1.1ne % equivalent 

to make up gas required for 100 Ml' per day of }\nhydroos Anloonia: 

rn4 98.02 

CtJ6 1.35 

C3H8 0.4 

C4H10 0.12 

N2 0.01 

02 0.1 

'lbtal s 10 FPll v 

lower Heating 8707 Kcal~J GAS 
Value 

The Plant 

1. The feed natural gas of above canposition is assumed to be available at 

the battery limit at 40 Kg/cm2g pressure and ambient temperature. Natural 

gas is used for fuel use also. 

2. Auxiliary steam raising facility has been provided as a ooffer to meet 

the steam requirement in the plant during start-up and other al:xlormali­

ties. The plant is self sufficient in steam requiremE:!nt at normal plant 

load. 

3. Although only Zinc Oxide has been, at present, provided for the feedstock 

sulphur rerroval, provision has been made for carox catalyst bed also for 

use, if required. 

4. Benfield process has been adopted for the decarbonation of the make-up 

gas. 
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1.4 _ Plant Description (Drg. No. 9484-237-11120) 

The natural gas at 40 Kg/an2g pressure at the battery limit is freed of 

liquid cordensate in the knock out drm 301 and is preheated to 400°C in 

the preheater :>81 for the feed c;as desulP'turisation. 'Ihe natural gas 

for fuel requirement is tapped. f ran the main stream prior to the preheater 

but after the liquid knock-out drum. '!he feed gas at 400°C fran the 

preheater is passed throogh the ZB:> bed in tl_le desulphurisation vessel 302. 

The desulphurised feed is then mixed with the required quantity of process 

steam to make up a steam carl:x>n ratio of 3.5:1' at the Primary Reformer inlet, 

preheated again to 510°C in the Primary Reformer convection train and fed 

to the primary reformer 582. The Reformer is a cooventional tq> fired 

furnace with 64 numbers of centrifugally cast tubes of HK 40 alloy arxl 

40 numbers of gas fired burners in the radiant baK. Following equipnents 

are housed in the ronvection train of the refor:ning furnace : 

1) Feed Preheater 

2) Process Air Preheater 

3) Process Steam Superheater 

4) Flue Gas Beiler al)d 

5) Canl:ustion air preheater 

The reformer effluents at arout 820°C and a methane slip of 10.78% is 

further refonned in the Secondary Reformer 303. This is an adiabatic 

reactor wherein required quantity of the preheated process air at 470°C 

is admitted and further reforming of the Methane takes place at a higher 

t~rature than in the Primary Reformer. 

The Secondary Reformer effluent at 1000°Cwith a methane content of 0.33% 

is then cooled to 380°C in the Reformed Gas Boiler 502. The hydrCXJen 

content in the gas is further ePhanced by ex>nversion of the carbon nonoxide 

to carbJn dioxide in presence of steam in the high and low temperature shift 

reactors 305 and 306 respectively. The gas is fed to the high temperature 

Shift Converter 305 at 380°C. 

The exothermic heat in the HTS ef fl~nt is removed in the converted gas 

toiler 503 arXl process heat exchangers 504 and 505 and the temperature 

reduced frcm 440°C to 223°C at the inlet of the low tenperature Shift 

Reactor (L'l'S) 306. 
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'lbe carbon rooooxide oontent in the c;as exit of the L'lS is 0.3% an::1 

carbon dioxide about 17. 9%. '!be heat content in the gas is used for 

the retx:>iler duty in the decarbonatioo section based oo the Benfield 

E_rocess. 

'Ille carbon dioxide in the synthesis make up gas is reduced to 0.1% 

in the decarbonation section. '!be solutkon is 30% potassiiin carbonat <', ----
3% DFA and Vanadium Pentaxide as inhibitor. SS 304 slotted rings are 

used as the tower packing. 

The carbon oxides in the gas exit the decarbonatioo section are converted 

into Methane in the Methanatot: 311. 'Ille total inerts in the make-up 

gas after the Methanator will be 1.15% CXJl'1Sisting of Argon 0.32% & 

Methane 0.83%. 

The gas at 24 kg/an2g pressure and 45°C is sent to the amoonia synthesfo 

section as make-up gas. 
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2.1 Design Basis: 100 MI' per day of Anhydroos AJmatla. 

2.2 Raw Materials: Anthracite coal of following proximate analysis : 

H20 6.4 % 

Volatiles 4.5 ' 
Fixed Carl::x:>n . 78.9 % . 
Ash : 10.2 % 

Calorific Value 6800 Kcal/kg. 

2.3 The Plant: 

Pressure Swing Adsorption (PSA) System has been included in the scheme 

for meeting the requirement of enriched air with 46% oxygen for the 

gasi~iers and also to ensure required quantity of nitrogen in the synthesis 

make-up gas. 

2. The gasifier is a fixed bed type q;Jerating at near atm::>spheric 

pressure. 
3. A gas cx:mpressor has been incorporated to boost the gas pressure 

fran atirospheric to medium pressure of 35 kg/an
2
g prior to the gas 

purification section. 

4. Hi-Pure Benfield process has been considered m::>St suitable for the 

gas desulphurisation and decarbonatial processes. 

5. Final purification of the gas is b'J Methanation where the carbon 

oxides are reduced to less than 10 ppn level. 

2.4 Process Description [ Drg.No.9484-237-11121 J 
The prcx1uction of raw gas is by using wellman Prcx1ucer. The gas is 

prcx1uced by controlled partial oxidation of ooal in the fixed bed type 

prcx1ucer in an acrosphere of oxygen provided by enriched air. Steam is 
used to control the canbustion. The gas generated contains mostly carbon 
monoxide and Hydrogen along with Nitrogen, carbon dioxide as well as solid 

inplrities. Major reactions in the produoer are 
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c + 02 
_.... 

:>" CD2 

c + ~2 
,,,,,,. 

........ CD 

002 + c _... 
........ 2 CD 

2 "20 + c -<" 
CD2 + 2 H2 ;>" 

"20 + c <' .,,,,_ CD + H2 

Three gasifiers, 583, are used in parallel for the production of 

the raw gas. The coal is fed fran a tq:per situated over the gasifier. 

'!he gasifier consists of a water jacketed retort, a two carparbnent 

fuel bin with segmental gates, force feed pipes, rotating grates, 

ash bin etc. 'I'he upper carpartment of the fuel bin serves as a 

storage bin while lower canpartrnent fwrtions as sealed continua.is fUE'.l 

feed system. Coal f ran the gas tight lower bin flows CXX'ltinuously 

through the feed pipes to fill the retort. Oxygen required for the 

gasification is supplied through the enriched air fran the PSA system 

am the steam, supplementing steam that is generated in the jacket is 
supplied fran Offsites. 'I'he gas leaves the gasifier fran the top 

at about 300°C. The ash as am When formed is discharged below throll~Jh • 
the rotating grates. 

The gas leaving the gasifier is sent to the water scrubber 312 to renove 

solid impurities. Scrubber circulating pumps 602 maintain water circu-· 
lation in the scrubber. '!be (X)l'ldensate in the cooled gas fran the scrubber 

is knocked out in the knock out drum 313 am stored in the gas holder 102. 

The gas fran the gasholder is canpressed to 30 to 35 kg/an2g pressure :in 
the gas canpressor 754 prior to its further purification processes. /\bout 

10% of the carbon dioxide am 0.2% of sulphur in the raw cooled am corrpres­

sed gas is reroc>ved in the Hi-pure Benfield section where the gas is washed 

with DEA & Potassium Carronate solutioo in separate ool\.l'lll'lS. The gas 

exit the section will be free of Carbon Dioxide am Sulphur. 
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'!be carbon JIDl'lOXide in the gas exit the des-ll1Ehl£isaticm sec•~:icm is 
converted into carbcn dioxide "in· the High (1fl'S) 316 am low (LTS) 

317 terrperature shift converters, which q>erate respectively at 

370°C am 210°c. Additicmal steam at 14.4_Tm rate will be required 

for the shift reacticm in both the lfl'S & LTS, which together bring down 

the Carbon Monoxide content fran 43% to 0. 2% and the Carbon Dioxide wilds 

upto 30%. 

'llle Carbon Dioxide is rE!IOOVed in the decarbonaticm section, where 30\ 

carbonate solution with 3% DEA and Vanadium Pentaxide constituting the 
Benfield solution is used. 
will be o. 1%. 

'Ibe carbcm dioxide in the gas exit, this section 

The carbon oxides in the gas are finally rE!'IDVed in the Methanator 320 

where they are catalytically converted into Methane. Make up synthesis 

gas containing about 1.92% inerts, consisting of 0.89% Methane am 1.03% 
Argon, is then sent to the armonia synthesis section. 
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3.1 Process Description [ Drg. No.9484-237-11107 J 

The synthesis gas after the final pirification in the"Methanator is 
carpressed in the synthesis gas oc:npressor (755) to 450 kg/an

2 
pressure. 

The gas after oil separatioo in the oil fil~r (325) is then sent 

through the ejector (921) where part of its pressure energy is used up 

in boosting the recycle gas to the converter inlet pressure of 400 kg/011).. 

The synthesis system used is as per Casale design. '!be synthesis make 

up gas mixed with the recycle gas in the ejector enters the cawerter(3/6) • 

Inlet gas heating is by exchange of heat with the cawerter effluent whkh 

leaves the converter at aboot 260°C. The gas enters the catalyst bed 

at 370°C. '!he exothermic reactioo takes place to produce amarla 

The converter effluent at 260°C is.oooled with cooling water in the 

Am'IOnia coroenser ( 530) • The l::ulk of the Anroonia in the gas stream 

is condensed in a single stage in this oomenser. 

The coroensed Arnnonia is separated in the separator(327) and the recycle 

gas after a purge, is drawn to the recycle ejector, mixed with the 

synthesis make up gas and fed to the converter. 

The anm:mia in the separator is let down to 20 kg/an
2 

in the let down 

vessel (328). The dissolved gas released in the let dam vessel joins 

the purge gas and goes to the amoonia recovery section for anrnonia 

recovery. The gases scrubbed free of Amronia is used as fuel. 

The purge gas fran synthesis loop and the flash gas f ran let-down 

vessel are sent to the scrubber (329) where the Anmonia is scrubbed 

with water. A part of the amoonia solution is fed to the middle section 

of the scrubber through a solution oooler (531) as circulating solution 

and the remaining sol11tion is fed to the stri~r (330) • 
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In the Anroonia Stripper, the Atmalia solutioo is oamter-airrently 

heated with steam acini tted at the bottan of the tower. "l1le overhead 

gaseous product of the stiipper is 99.5% ~ in vapour It.ase am this is 

corden.sed by.a reflux conden5er (534) and oollected in a separator (331}. 

A part of it is used as reflux arrl the remaimer is sent to the let down 

vessel as recovered armonia. '!he bottan product of the stripper is 

sent to the scrubber vict solutioo exchanger (533) as absorbing fluid • 
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ClIAPl'ER III 

List of .Equipnent with outline specificatioos 

1. !atural G!• Staf!! ftefppeing 5fctipn (ReflDrg.No.94~23?•11120) 

51. Item Description-
19~ 

1 :J01 •tural Gu KO Orm 1 Na. 

Di-ter 500• 

tllight 1000 -
ttat .. ial Carbon Steal 

Internal Delliater pad uda of 
AISI )04 111Bterial. 

2 ,02 O.eulphuriaation Reactor 2 ••• 

01.-tar 1000 -Hi• ,.,,0 -
Meterial Carbon Steel 

Zn 0 
) 

1.1 .. 

' '°' 
Secondary Ref or .. r 1 No. 

• Shell di-tar 1450 Ir. 

Total height 5000 11111' 

"8terial Carbon St•l S••ll 
refractory lined 
inddl·• Water jacketted 
outside. 

Internal ProcP.1£ Air Burner 

Cetalyat 2.9 "' 



• Ill~ • ' 
Sl tt.m hecl:lpt!an 
No. 

•• JCM Steall ..._ 1 ... 

ea.on t• all W.ta "-t •u.a. Total 

Ste• output 12 1PH at .0 kg/Cflfl p:reaaum. 

5. 305 HTS R•actar 1 •• 

Oia•ter 1160 -
tt.ight 1550 -
"8tarial t Ill C St.l 

Catalyst '·" ti • '· J06 LTS Reactor 1 •• 

Di81118tar 1870 • 

Haight 1825 • 

flaterial Carbon Ste.l 

Catalyst •• 16 ti 

7. JO? Knock Out DIUa 1 •• 

Diemeter 180 

Height 1450 

"8t•rial Carbon Ste•l llLth SS 
cladding inatda. 

Internal O.llietar peel Al51 J04. 

• d. JDS CD2 Abaorber 1 No. 

Top Dia•ter 750• 

Top Height 12000 -

Botto• D1-ter 1500 -
Bottom tllight 15000 -
"8terial Carbon St.el 

Packing 40 • 18-8 ,;s Slot'8d 
ringa 21 

Internal O..iater Pad at 1- SS 
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s1. I tea o..cr1pUan ... -
'· ,.,, Solution ._.rato~ 1 •• 

- Di-tar 2GDI• 
Height 

J600G -
ltaterial Tap '!- Clad Carbon Steel. 

•tt• Cerbon Stml 

lnt.rnal Diatributiol' 

o.iatar 18-8 SS 

50 • 1-SS 

Slotted ringm J1 ,< 

• 10. ,10 C°'l knack Out .__ 1 Ila. 

Di-ter --Height 1500 -
ltatarial 18-l! SS Clad Cuban Steal 

Internal 1- SS 0..Uetar pMI 

11. '11 ... thmletol' 1 •• 

Di-tar 1550• 

tt.ight 1600 -
"9terial i NI C Stael 

Cataly1t 
J.04 "' 

• 12. 401 Steck 1 •• 

DU.tar 750 -
Height 20.000 -

1J· 501 tolibu1tion Air Hleter 1 •• 

tlHt Duty 1 ·'1 "' Kcal/Hr. 
1•· 502 Ref armed Gee Bailer 1 •• 

Heat Duty '·' "' ICcal/Hr. 
15. 50) Converted Gu Boiler 1 No. 

Hut Duty 0.61J "' ~al/ts. 

16. Conwrted fiaa E:iccMnglS 1 •• 

Heat Duty o.'6 "' lcal/ttr. 





• 111-5 • : 

\ 
51. lte• n..cripUan 
llo. 

llD. of llurMr • 
ID. of Tubea M 

lnalde ot.eter of Tube n·· 
Fired length of Tube 10,DDO • 

21. 601 AB Solution Pump 2 ••• 

Capacity 150 ,,, ... 

Type Centritugal 
electric po•r drinn 

Diechargm ~eaure 'D llJ/•2g. 

29. 751 Procaaa Air Co111pneaor 1 •• 

Type Recipzocating electric 
po•r drinn 

Capacity ~50 .,,hr. 
Diecharga Praaaura .a ko/ra2g 

,o. 752 Collbuetion Air Blow~ 1 No. 

Type Centrifugal, Electric 
po•r driven. 

Capacity 1,,000 .i'/tu:. 
Diech•rge ~eeure 550 • WG. 

)1. 75) Induced Draft ran 1 No. 

Type Centrifugal, electric 
po•r driven. 

Capacity 11,000 .i'/tu:. 
Suction Preaeure (•) 550 • WG. 
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2. COAL GASiflCATION S[CTIOll (R•f.Drg.lo.9..._2'7-11121) 

Sl. 
Noe 

It. 

--------------------------=--__,_ 
)12 

2. 

'· )14 

74. )15 

5. )16 

6. J17 

Water Scrubber 
Oialleter 
Height 

"8ter1al 
Packing 

Gae K O Dru. 
01-ter 
Height 

ftaterial 

Internal 

Sulp~r Abaorar 

Dia•tar 
Height 

Packing 

Sulphur Stripper 

Diuetar 
Height 

Packing 

Decarbon11ting To•r 
Diameter 
Haight 

Packing 

)000 -

7500 -
Carbon Steal 

3 Noa. 

21 rr or 50 • SWRR 

1500 -

JOOO -
Carbon St•l 

1 No. 

18-8 SS Oellister Paci 

750• 

10,000 .. 

1 No. 

.tO • 18-8 SS Slott.d 
ringa 

650 -
12,000 -

1 No. 

.tO • 18-8 SS Slotted 
rin99 

900 -

20,000 -

1 No. 

.0 • 18-8 SS Slotted 
ringe 

Carbonate Regeneration To.r 1 •• 

Oiallt8ter 1000 • 

Height 

Packing 
15,000 • 

.0 • 18-8 SS Slotted 
ringe 
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s1. Item o..cripUan 
No. 

7. 318 HTS Reactor 1 No. 
Di••tar 1600 -
H.ight 

8000 -
,..terial t M C Steel 

Cetalyat 9.5 r? 

a. 319 L TS Reactor 1 •• 

Di•eter 2000 -
tt.ight 2500 -
Material Carbon Steel 

Cetalyat ~.75"' 

'· 320 C02 Abeorber 1 •• 
Top 01 .. tar 750• 
Top Height 8000 -
Botto• Dia.tar 1500 -
Botto• Height 10,000 -
Pecking ·- 18-8 SS Slottud 

rings 

10. 321 CO:z Stripper 1 •• 

Di-tar 2000 -
Height 20,000 -
Pecking 50 • 18-8 SS Slotted 

ringe 

11. 322 "9thanetor 1 ND. 
Dia•ter 1550 -
Hdght 1600 -
Material i "O C Steel 

C11taly1t J.1 r< 
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~ 

,_\ 

Sl. ltall DncripUan 
No. --
12. 402 Gea HDlcm 1 •• 

C-clty 'JUJ rl 
"8terial Carbon Steel 

13. 514 Gaa Cool•r 1 •• 

Heat Duty 1.25 ... Kcal/tc. 

14. 515 Solution Reboil• 1 No. 

Hut Duty 1.4 ... bl/tc. 

15. 516 Rebell• 1 1 Na. 

tt.at Duty 1.,, ... Kcal/hr. 

160 517 Converted Gae Exct.ngmr t 1 ND. 

Heat Duty 1.024 tit Weal/tar. 

17. 518 Converted Gae Exchanger 2 1 No. 

Heat Duty 1.ooa "' Wcal/tR. 

1e. 519 Converted Gae txchang•r ' 1 -· 
Heat Duty 1.02 ... ICcal/hr. 

19. 520 Reboilar 2 1 No. 

Heat Duty J.2 ... Kcal/hr. 

20. 521 "8thanator Exchanger 1 ND. 

Heat Duty o.JJ Mt1 Kcal/hr. 

21. 522 "8ke-up Gae Cooler 1 Noe 

Heat Duty o.65 "" Weal/hr. 

22. 52) Acid Gea Cooler 1 No. 

Heat Duty J.2 "'" Kcal/hr. 



\ 

s1. It. 
No. 

2'· 58) 

24. 602 

25. 754 

26. 851 

• 111-9 • 

Description 

Coal Geeifin ' -·· fixed Bed Type 

Size JODO • I .D. 
Capacity 6000 ,.,(/hr. of gee containing 

co+~ 65 " by Vol 111.ru.u.. 

Scrubber Wet.r Pump 
Capacity 

Discharge Preaaure 

Type 

Gee Coinpreaeor 

capacity 

Suction PreHun 

Discharge Preaaur. 
Type 

PSA Unit 

Capacity 

Duty 

6 Noa. 

110 K'/tar. 
2 kg/cra2g. 
Centrifugal, Electric 
powr drinn 

1 ND. 

1',500 .,; /hr. 
•OD "1 Wg. 
40 ko/oa2

g. 
Reciprocating,Electric 
po•r driven. 

1 •• 

6500 ..'•arenrictwd ai~. 
Ona complete mdule to 
produce oKygen enriched 

air containing ~ " v/v 
o
2 

•ini.,., Iii th , 

air c::o111pre11or, flloleculer 

aievea, valvee, inetrU11Snta 

int.rconnecting piping etc. 
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'· Nl'ONIA SYNTHESIS SECTION (Refa Drg.ID.9G._2J7•11107) 

\ 

s1. Item Description 
No. 

1. J25 ttake-up liu DU Separator 1 •• 

Diameter ''° -Haight 2000 • 

Internal filter •lemanta • 

2. J26 A1111Dnie Convert. 
. 1 •• 

• 2 
Operating Preeeure J50 - ~o kg/m g 

Internal• Heat Exchangera, 

Electric Heater, 
Cooling Tubes 6 

Catalyat. J.2 "' 

'· )27 Allnonia Separator 1 Nae 

Diameter· 500 • 

Height ~00 • 

4. )28 A1111onie let doll1 Veaael 1 •• 

Diameter 1250 -
Height J800 -

5. )29 Scrubber 1 •• 

Diameter ''° -Height 16500 -
Packing 25 • SWRR 1.2 rt' 

6. JJO Stripper 1 •• 

Diameter 750• 

Height 20000 -
Pecking 2, • SWRR 4.5 rt' 

7. ,,, Separator 1 •• 

Diamater 650• 

Height 1200 -



51. Item 

•• 
•• 5JO 

'· 5,2 

10. "' 
11. 5'4 

12. 605 AB 

606 AB 

14. 755 

15. 921 

I 111-11 I 

O.ecrlpU• 

Amonia Cond9neer 1 •• . 
Haat Duty 1.5' "" Kcal/tar. 

Water Cooler 1 •• 

Heat Duty o.oe "' Kcal/tar. 

Solution Huter 1 •• 

Heat Duty 0.1,5 "' kal/te. 

Reflux Conct.n1er 1 •• 

Haat Duty 0.16 f1M W£el/tar. 

Scrubber Circulating Pulp 2 ..... 

Capacity 

"8dim Hltndllld 

Discharge Preeeure 

Ratlux PUllp 

Capacity 

f1adim 

Discharge Pre1euz. 

Synth88i• Collpr.1aor 
Capacity 

Suction Pnaaun 

Di1charge Pre1aure 

5 r?/tar. 
Aqueoua Amonia 

25 kg/ra2g 

2 Illa•· 
5 r4'/ttr. 
Liquid A.Ionia 
25 kg/m2g 

7500 .4'/tar. 
24 kg/c•

2 

450 kg/c•2 

Reciprocating •lectric P.CM19r driv• 1 . n. Unit to 
include 1n1a-u.nt:e, int.rate~ coo.ur•,•l•cular 
1i•v• dryer, interconnecting pJ.pea, valw• •"• 
Ejector 
Duty To boo1t recycl9 Q88 

45,200 .t'/ttr. ho• 

Jee kg/r1J2 to a ko/•2 

with uke up gu 12,5!50 

,,; /hr. at 450 ko/•
2

g. 

! 

\ 
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CHAPlER-IV 

100 TPD MINI-NKIUA PIRll': 

Capital am q>eratil'¥] OJsts 

Capi t;al cost am q>eratinJ CX>St for 100 MJPD Anlla'lia am 
matchiBJ end-product "plant calcillll AJmDnillll Nitrate have 

been worked out ard given below on the basis of Anthracite 

Coal and Natural Gas as feed-stocks_ for An'llalia producticn. 

In both cases, the cost of associated facilities have been 

added to the main plant costs. 'lhe plant site assumed is a 

typical Indian location ~). It is assumed that 

the Site is a developed me with infra-structural facilities 

like road/rail access, power and water suwly upto battery­

limits. '!he rates given at the em of the estimate list out 

the various assmptions underlyi03 the estimate. 

Table-1 

Table-2 

Table-3 

Table-4 

100 Ml'PD AllllDnia Plant - Sumnary of capital C.O~·L 

-do- -do- - CQst of Producticn anc'i 
Sensitivity Study. 

ad-product Plant (CAN)- Surrmary of capital C'.rn;L 

-do- -do- (CAN) - Cost of Producticn 
and Sensitivity Study. 

..... 
~. 

: 

l.' 
• 

i 
I 
i 
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Table-1 

100 Ml'PD JMDaA PLANT 

Slmnary of Capital Cost 

5cq>e in this batte~limits: 

a) Coal based plant - Feedstock gasification, Benfield de­
sulfurisatiai~ 00 <XXlversion, Benfield 
002 rSIDVal., Methanation am AnmJnia 
synthesis, PSA for enriched oxygen suwly. 

b) Natural Gas 
based plant - Steam reformin3, ro <XXlversion, 002 

renoval., methanation am AlmDnia synthesis. 

1. F.quipnent & Machinery 
(Battery-limits) 

2. Spares 

3. 'lbtal F.O.B./F.O.R. C.OSt 

4. Marine & Inlam transport 

5. Licence, Engg. & Management 
Expenses 

6. UX:al Erection cost 

7. Civil Construction COst 
8. Sub total 3 to 8 

9. Preliminary & Pre-production 
Expenses 

$Million 

With Coal 
Gasification 

18.112 

1.811 

19.923 

2.988 

5.434 

1.358 

-~!~Q-
30.133 

1.507 ------

With Natural 
Gas Steam Refornr 

ing 

13.820 

1.382 

15.202 

2.280 

4.146 

1.546 

0.269 

23.443 

1.172 

10. Erected Battery-limits plant CX>St 31.640 24.615 
11. Erected cost of off-sites & 

services 6.328 3.938 

12. Sub total { 10+ 11 ) 37.968 28.553 

13. Contingencies 3.797 2.855 
14. 'lbtal Fixed capital 41.765 31.408 
15. ~rking Capital 0.325 0.210 

16. 'lbtal Investment 42.090 31.618 
··======= -·===== 



100 Ml'PD NKNIA PLARl' 

Cost of prodlction am Sensitivity Sb!1y 

Base Case - 90% Production level 

IV- 3 

Table-2 

Cbal. Gasification N.G. steam ReforminJ 

1. Production '000 TPA 

2. Cost of productioo in 
$ million/year 

2.1 Feed Stock 

2.2 utilities 

2.3 Maintenarx:e, Labour & 

overheads 

2.4 Depreciation 

1btal Cost 

Cost /M.T. $ 

3. Sensitivity analysis 

Cost of 
Prodn. 
$,M.T. 

3.1 At 80% level of 
production 379 

3.2 At 100% level of prodn 331 
3.3 With +10% in feed-

stock price 356 
3.4 With +10% in capital 

cost 371 

3.5 With +10% return on 
investment 498 

28._8 

1.107 

2.809 

2.053 

4.172 

100141 

352.12 

Net OiarJJe 
$/M.T. 

27 

- 21 

4 

19 

146 

Cost of 
Prodn. 
$,M.T. 

328 

291 

319 

322 

417 

28.8 

3.272 

0.896 

1.542 

3.141 

8.851 

307.33 

Net change 
$,M.T. 

21 

- 16 

12 

15 

110 
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Table-3 

END-PRCD.Cl' PLANT - CAICirn ~ NrmA'm 

Surrmary of Capital O::>st 

Scope inside Battery Limit: 

1) Nitric acid plant 

2) Arrm. Nitrate /<:NJ Plant -

3) Lime Griooing Unit, 

Product Storage & Handling 

180 Ml'PD 

220 Ml'PD (AN) - 280 Ml'PD (CAN} 

$ , Million 

1 • Erected Battery Limit Plant cost 19,700 

3.940 2. Off-sites & Service facilities 

3. Sub total ( 1) and (2) 

4. Contingencies 

s. 'Ibtal Fixed capital 

6. Working Capital 

7. 'Ibtal Investment 

23 .• 640 

2.364 

26.004 

0.756 -------
26.760 ============= 
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~ P~ PLAN!' (CAN) 

Cost of prcxluction arrl Sensitivity study 

Base ca~ - Prodoction fran NH3 availabiiity at 90% level 
. ' 

1 • Prcxioction 

Armenia available 'OOO TPA 
CAN Production '000 TPA 

2. Cost of production 

2.1 .Z\mm:>nia 
2.2 Limestone 
2.3 Utilities 

Coal Gasifi­
cation 

28.8 
87.3 

N.G. Stearn 
Reforming 

28.8 
87.3 

$ Million/year 

10.141 8.851 
0.170 0.170 
0.357 0.357 

2.4 Maintenance, Labour & overheads 1.020 1.020 
2.5 Depreciation 2.600 2.600 

-------
'lbtal cost 14.288 12.998 

---------
Cost/re (' 163.67 148.89 " 

Say (164) (149) 

3. Sensitivitl c. lallsis 
eost of Cllange Cost of Cllange 
prodn. $;1-1.T. prodn. $,M.T. 

------ ------ ------ -----
3.1 At 80% level Alm'Onia 

availability 178 14 161 12 
3.2 At 100% f I f I 152 -12 139 - 10 

3.3 With 10% increase in 
ca~tal Cost 174 10 157 8 

3.4 Wi 10% increase in 
Amrronia cost 175 11 159 10 

3.5 With 10% return on 
investment 243 79 216 67 

\ 
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100 Ml'PD MINI JMtDUA PIM1' 

Assunptions oo Olst Estimate 

1. Capital Cost 

1. 1 ~ipnent cost am materials are assuned at Wian Prices (Jan. 83) 

1.2 Spa:res @ 10% of equipnent cost have been ir¥:1uded. · 

1.3 T:ransport costs incll.l:ie 15% towards transportation aoo asscx::iated 
eJ<Penses (marine and inl.an:l). 

1.4 Site erection and civil wo:rks costs are 00.sed on prevailir¥J :rates 
at Udyogamandal (Imia). 

1.5 tJo duties or taxes are inclllied in the estimates. 

1.6 Off-site facilities i.Ix:luded are :EUwer Receivir¥J and Distribution 
within plant area. water Treatment, Steam Generation, Cooling towers, 
Raw-material receiving storage and haOOling, Effluent Disposal, 
Workshops, Lalx>ratory, General Stores am Mninistrative buildings. 

1.7 It is assumed that developed land with infrastructural facilities 

\ 

is available aoo hence 00 cost has been provided tc:Mards land and 
develcpment, utility supply upto battery limit, rail road access and ..., 
tamship. 

1.8 Contiwency has been provided @ 10% of fixed capital. 

1.9 As mEthod of financiD3 is oot decided, interest during construction 
has not been considered in the capital costs. 

1.10 '!be effect of inflation during construction has also oot been 
considered. '!he irrpact of a 10% increase in cost has been shown 
in the sensitivity stl.Xly. 

1.11 In \<K>rking capital, the following are included: 

i) 30 days' stock of coal feed for Amronia ( oo storage of N. G. ) 
ii) 5 days' stock of Almonia 

iii) 15 days' stock of end-product fertilizer CAN 

2, Cost of production 

2.1 Plant availability: 

Nl.ITlber of stream days considered for this study is 320. Base 
case is taken at 90% production level of Amronia. Er¥3-product 
capacities are fixed on the basis of Arrl!Tnnia availability. 

2.2 For this study, the following feed-stock prices are assumed: 

Coal 
Natural Gas 

$ 30/lbnne 
$ 16 for 106 K.Cal. 
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2.3 Utility prices asstmed are $0.0SJMl for water and $0.05/kWh 
for power cxmnensurate with the prevailiBJ rates in Wyogamarrl:: 
(Iooi.a). 

2.4 Maintenance is taken @ 3% of erected plant rost. 

2.5 Average salary is taken at $2000.- per year per person. 
Ollerheads have been added at 100% of salaries. 

2.6 Straight-line depreciation @ 10% is taken for catputiJ'J3 rost 
of production. 

2.7 No interest on capital is assumed. 

2.8 Sensitivity st00y gives the rost of production with 10% 
return on total investJnent. 

2.9 Sensitivity st00y also gives the :inpact of 10% chan:Je in 
production level, 10% iocrease in capital ex>st arxJ 10% increaf _, 
in feed-stock cost. 
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