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Abstract 

This paper pI·esents the e:xperienceG of C1'iCCC in 

design and construction of 200-300 MTPJ) natural ga.s 
(or refinery off gas) based ammonia piant. The fea­
tures of these ammonia p-lants are discussed in detail. 
Due to deliberate considerat:f.on in design of waste 
heat utilizati.on:., the energy consumpticn for this 

tYPe vf ammonia plants is close to that of large­

scale ones. 
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Itt recent decade, we have designed ~nd built a l.ot 
o t small ammonia plants at a capac:i:. ty c- ~ 200-300 tons 
per day, using natural gas, ,:-efin.ery off gas and coke 
oven gas as feed.stocks. As locally available gaseous 
feeds.tocks at low cost are used, the economic viability 
of these ammonia plants has been proved to be good. 

These natural gas-based ammonia plan~s have the 
same typic&l process conalsting of the following steps: 
deeulfurizt tion, primary and secondary steam· refor!:p.ng9 

high and low temperature shift conversion, ~rbon di­

oxide removal using solv~nt method, methanation, com­
~ression, synthesis and re!rigeratio~. The simpli!ied .. 
typi.cal flow diagram is shown in Fig. 1. 

An ammonia plant with a capacity less than 600 

STPD employing such typical fi:.ow diagram has the roi1ow­
ii1g features: 

1. Reciprocating compressors ?re used. A.s is w:ell 
known, the effir.iency of reciprocating compressor is 

higher than that of centrifUgal compressor. This.has 
won ::nore and. mer~ considerations, aspecially ir.... present 
1a:;s when the price cf natural gs.s is soaring so high. 
tnt&rnationally, some corporations specify the follo~­
ing criteria as guideline for d~sign: reciprocating 
CO!?lpressor is to ba used for 11.::i. tural gr.i.s based ar.monia 
plant with capacity less than 600 STPD and the total 

elacrical energJ consumptior. ·nill be 735 k1.·1h per tonne 

a!!lmonia, while centrif~gal c0mpressor is tv be used 
when the capacity of t~e plant is larger than 600 STPD 
and the corresponding e11ergy consur.!ption ':'»ill he 755 
kwh. 'l1he energy consur.:ption cf tie former is ?.. 7% lo·.;;ier 
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than that of the latter due to 1 ts high compression 

efficiency. The other merit is tha.t two pieces of 
reciprocating compressors are to be installed for an 
ammonia plant. Thus, when one compressor is being re­
paired, the other still can keep the plant run at half 
capacity. Hence, the plant is ea~y to maintain and the 
on-stream factor can be high. 

2. The ammonia synthesis pressure is taken at 
300 kg/cm2• The synthesis pressure is mainly determined 
by the criteria at which the total power consumption 
and investmeut cost are the minimum. When the synthesis 
pressure is set at a higher level~ the power consump­
tion for the compression of fresh H2-N2 gas mixture to 
the synthesis pressure is high too, but the net ~onia 
i~crement of the syn.thesis c1rculating gas through the 
ammonia converter is also high, so the refrigeration 
required for ammonia condensation and the power con­
sumption for the compression of circulating gas and 
the fresh gas mixture will be less. The total po~er 
requireme~ts for the fresh H2-N2 mixture gas compre­
ssor, synthesis gas ~irculating compressor and refri­
gerating compressor of 220 MTPD and 500 MTPD ammonia 
plants in. .;omparison with typical 1000 MTPD pl!int are 
shown in Table 1. The reFult indicates that the plant 
adopting 300 kg/~m2 as synthesis pressure consumes 
less electric ene.t>gy than the plant ugj.ng 150 kg/cm2 

as synthesis pressure. 
3. The pressure of by-pr0duct steam is c!:osen at 

40 kg/cm2 (absolute). In recent two decades, the scale 
of ammonia plant has increased ten times, out the ~ctal 

power required for the productio~ of one tor. a~monia 
remains nearly the same. The total power per ton of 
ammonia for a 180 M'I'PD nlau t with syn thesis pressure 
at 300 kg/c:n2 gauge des~gned 'r.Jy us is 876 "r;:.v. :-towever, 

1 
I 
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its total energy consump~ion is 21% greater than that 
of a 1000 MTPD plant. Thus, in the course of designing 
an ammonia plant, integrated heat utilizatioa of the 
whole plant must be treated as a main problem which 
should be deliberately considered. In a 200-300 MTPD 
ammonia plant, for the purpose of simplicity of orera­
tion and maintainance, 40 kg/cm2 absolute is chosen as 
the pressure of by-product steam~ and a relatively good 
result of i~tegrated heat energy utilization is obtained. 

Table 1. Effects of synthesis pressure on compression 
power requirement 

Items Description 220 MTPD .500 MTPD Typical 
1000 HTPD 

1 reformi~g pressure 24.5 I 35 35 
kg/cm gauge 

2 airmonia syn the~s 300 I 300 150 
pressure kg/cm , I I gauge 

3 type of compressor recipro- l recipro- centrifU-
eating eating gal 

4 total power req~i-
rements for fresh 

4943 I 10320 23162 H~-N gas mixture 
c~mnf essor cricu- I 
lating and refri-
gerating compre-
ssor kw 

53~6 5 total energy con-
sumpti1n for the 556.8 
three compressors 

I kwh 
·-

A material flow diagram of a steam-power system for 
a 220 ;\~TPD ammonia (integrated with a 350 (·ITPD ur9a 
plant) plant is shown in Fig. 2. The steam refo~ing 
pressure is 24.5 kg/cm2 abs. The parameters of the 68 
MTPD steam generated i.n the :.-eforming system is 40 
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kg/cm2 abs. pressure, su~~rheated to 435°c. The steaM 
first drives the back pressure steam turbine of a flue 
gas blower and the extraction-condensing turbine of a 
generator; the steam exh~usted at pressures of 26 
kg/cm2 , 14 kg/cm2 and 6 kg/cm2 abs. can be u.sed as 
p~cess steam in the reforming p·rocess and as the heat­
ing medium for the ammonia-urea plant. 6180 kw elec­
tricity, approximately one half of the requirement 
fer the plant, can be obtained. The procese heating 
steam of urea p1ant is con~dered as an integrated 
part of the heat energy utilization system, so tha:t 
the total energy requirement pgr tonne of amm.onig 
could be reduced considerably. 

4. The feedstock suppl~ of this type of plant is 
easy to ensure. As for a 220 MTPD ammonia pl.ant, the 
annual consumption of natu.ral gas is only seventy­
four million. cubic meters,, a relatively sm:alL quan­
tity so that local resource can be utili~ed direct­
ly. We have designed a 240 MTPD steam refon:iing pl~nt 
by UiSing refinery off gas as alternative for naturaJL 
gas. The reforming pressure is ·.:.4.5 kg/car2 gauge. 
The feedstock comes fro~ the delayed coking unit of 
the refinery, the composition of which is shown in 

Table 2. 

TabI.e 2. Composition of feedstock 
-

composition vol.. % cortpo si ti on -vol.. % 

"Hz 8 .. 56 C2H6 12.72 

Nz 1.33 C~H6 3.61 

02 0.35 c_,H8 5.95 
co l.90 iC4H8 1.40 
CH. 59.03 2.11 

!+ J.\... 
I 
I c4H~" 

C2H4 2."8"4 C5;:12 I 0.2 ·1 
I 

I 

. I 
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The feedstock contains 10% olefins. The off gas of 
the fluid:i.zed catalytic cracking unit containing 20% 
olef1ns is ~sea as the fu.el gas of the reformer. Th.e 
c.1efin containing reforming cat&lyst i.s 1:1anufactured 
in Chin.a. The plant was put intCJ op.eratioa in 1971 
and has been operated very well ever since. The 
feedstock consumption is 480 Nm3 delayed coking dry 

gas :per tonne ammonia. 
The main consumption figures of a natural gas 

based 220 MTPD ammonia plaDt with the features stated 
above are summer12'ied in Table 3. The total energy 
consuilip.tion per tonne ammonia is 9.67 x 106 Kcal 
(design. figure), approaching that of typical large 
scale ammonia i;rlan.t constructed i4 the mid seventies. 
The quality of the ammonia produced meets weli the 
urea production sp:ecifications. 

Table 3. Main consumption figures for a natural. 
gas based 220 MTPD ammonia plant 

Items Description Consumption. Convert 
figures per to LHV 
tonne ammonia 

1 natural gas for 664. 4 (N!n.5) 5.68x1.0b Kcal 
process* 

2 natural gas for 339 (Nm-') 2. 90x1.06 Kcal 
fuel* 

3 electricity** I 364 <Kwh) l.09x1.0 6 Kcal 
Notes: * LHV of natur'1 gas is 

-r.: 9. 67x1.06 Kcal 8550 Kcal/Nm 

** l Kwb. equi val en t to 
3000 Kcal (design figure) 

It should be point~d out that the energy conserva­
tion technologies developed rece~tly by the exlsting 
pliants such as: f~. ther recovery of waste heat con­
tained in flue gaB to preheat the combustion air, 

-
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using phy.dcaJ absorption. process to rer:i.ove carbon 

dioxide, adoption. of ammonia absorpticn. refri.gera­

tion in.stead of ammonia comp:-essing :t•e frigera ti on, 

recovery of hydrogen. in purge gas for ammonia s~­

thesis, P.tc. car! all_ be adopted in the d&sign of 

this type of ammonia plants, and the total ~ne'rgy 
consumption can be f\1rther reduced. 

In conclusion, the 200-300 MTPD natural. gas 

based· ..unmonia plant consumes less feedsto~ ·can 

utilize the sea ttered iocal gas resources and··re­
quires less investment. The total energy con~.m:p­

tion is also reasonable. 
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