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Abstract

This paper presents the experiences of CNCCC in
design and comstruction of 200-300 MTPD natural gas
(or refinery off gas) hased ammoniz plant. The fea-
tures of these ammonia plants are discussed in detail.
Due to deliberate consideration ir design of waste
heat utilizatfor, the energy comsumpticn for this
type of ammonia plants is close to that of large-
scale cnes. :
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In recent decade, we have designed -nd built a ot f
of small ammomia plants at a capacity cl 200-300 toms
per day, using natural gas, refinery off gas and coke
oven gZas as feedstocks. As locally available gaseous
feedstocks at low cost are used, the economic viability
of thegse ammonia plants has been proved to be good.

These natural gas-based ammonia plants have the
same typical process consisting of the folloﬁing steps:
degul furiz tion, primary and secondary steam reforming,
high and low temperature shift conversion, zarbon di-
oxide removal using solvent method, methanation, com-
pression, synthesis and refrigeratior. The simplified
t',‘ypi.cal flow diagram is shown in Fig. 1.

An ammonia plant with a capacity less than 600
STPD employing such typical flow diagram has the follow-
ing features:

1. Reciprocating compresscrs are used. 4s is well
known, the efficiency of reciprocating compressor is
higher than that of centrifugal compressor. This has
won more and more considerations, especially ir present
days when the price ¢f natural gas is socarirnz s¢ hign.
Internationally, some corporations specify the follow-
ing criteria as guideline for decsign: reciprocating '
compressor is tc be used for natural gns dased aumonia
plant with capacity less than 600 STPD and the total
elacrical energy consumption will te 735 kwh per tonne
ammonia, while centrifugal compressor is to be used ‘
when the capacity of the plant is larger than 60C STPD
and the corresponding einergy consumption will be 755
kwh. The energy consumption cf the former is 2.7% lower




than that of the latter due to its high compression
efficiency. The other merit is that 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 easy to maintain and the
on-stream factor can be high.

2. The ammonia synthesis pressure is taken at
200 kg/cma. 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 Ha-Va gas mixture to
the syntheris pressure is nigh too, but the net ammonia
increment of the synthesis circulating gas through the
ammonia converter is also high, s¢ the refrigeration
required for ammonia condensation and the power con-
sumption for thLe compression of circulating gas and
the fresh gas mixture will be less. The total power
requirements for the fresh H,-N, mixture gas compre-
ssor, synthesis gas circulating compressor and refri-
gerating compressor of 220 MTPD and 500 MTPD ammonia
plants 1n comparison with typical 1000 MTPD plant are
shown in Table 1. The rersult indicates that the plant
adopting 300 kg/cm2 as synthesis pressure consumes
less electric energy than the plant using 150 kg/cm2
as synthesis pressure.

3. The pressure of by-prnduct steam is chtosen at
40 kg/cm2 (absolute). In recent two decades, the scale
of ammonia plant has increased ten times, out the iotal
vower required for the production c¢f one tor armonia
remains nearly the same. The total power per ton of
ammonia for a 180 MTPD plaut with synthesis pressure
at 300 kg/c:n2 gauge designed by us is 876 xw. Jowever,
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its total energy consumption is 21% greater than that

¢f a 1000 MTPD plant. Thus, in the course of designing
an ammonia plant, integrated heat utilization 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/cma absolute is chosen as
the pressure of by-product steam, and a relatively good
result of integrated heat energy utilization is obtained.

Table 1. Effects of synthesis pressure on compression
power requirement

Items Description 220 MTPD; 500 MTPD| Typical
. 1000 MTPD
1 reforming pressure 24,5 35 35
kg/cm”™ gauge :
2 arrmonia synthegis 300 300 150
pressure kg/cm<,
gauge

3 |tyve of compressor | recipro-| recipro- | centri fu-
cating cating gal

4 |total power requi-
rements for fresh
H,-N, gas mixture
cﬁmpgessor cricu-
lating and refri-
gerating compre-
ssor kw

4943 10320 23162

5 total energy con-
sumption for the 537 496 556.8
three compressors
kwh

A material flow diagram of a steam-power system for
a 220 MTPD ammonia (integrated with a 350 ¥TPD urea
plant) plant is shown in Fig. 2. The steam reforming
pressure is 24.5 kg/cm2 abs. The parameters of the 68

MTPD steam generated in tne reforming system is 40




kg/cm2 abs. pressure, superheated to 4350C. The steam
first drives the back pressure steam turbine of a flue
gas blower and the extraction-condensing turbine of a
generator; the steam exhausted at pressures of 26
kg/cma, 14 kg/cm2 and 6 kg/cm2 abs. can be used as
process steam in the reforming process ard as the heat-
ing medium for the ammonmia-urea plant. 6180 kw elec-
tricity, approximately one half of the requiremsnt

for the plant, can te obtained. The process heating
steam of urea plant is considered as an integrated
part of the heat energy utilization system, so that
the total energy requirement per tomne of ammonisa
could be reduced considerably.

L, The feedstock supply of this type of plant is
easy to eamsure, As for a 220 MTPD ammonia plant, the
annual comsumption of natural gas is only seventy-
four million cubic meters, a relatively small quan-
tity so that local resource can be utilized direect-
ly. We have designed a 240 MTPD steam reforming plant
by using refinery off gas as alternative for natural
gas. The reforming pressure is 24.5 kg/cnr2 gauge.

The feedstock comes from the delayed coxing unit of
the refinery, the composition of which is snown in
Table 2,

Table 2. Composition of feedstock

composition vol., % composition vol. %
22 8.56 CaHg 12,72
0, 0.35 C.Hg 5.95
prd
cO 1.90 1C4H8 1.40
CH% 59.03 CAHlO 2.11
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The feedstock contains 10% olefins., The off gas of
the fluidized catalytic cracking unit containing 20%
olefins is used as the fuel gas of the reformer., The
(lefin containing reforming catslyst is manufactured
in China. The plant was put iato operatiom 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 plant with the features stated
above are summerized in Table 3. The total energy
consunption per tonne ammonia is 9.67 x 10~ Kcal
(design figure), approaching that of typical large
scale ammonia nlant constructed ia the mid seventies,
The quality of the ammonia produced meets well the
urea production specifications.

Table 3, Mairn consumption figures for a natural
| gas based 220 MTPD ammonia plant

Items | Description Consumpti.on. Convert
figuree per to LHV
tonne ammonia

1 natural gas for 664, 4 (Nm3) 5.68xlOFKcal
procass*

2 | natural gas for 339 (Nm”) | 2.90x10° Keel
fuel*

3 | electricity** 364 (Kwh) | 1.09x0° Keal

Notes: * LHV of natur gas 1is 6

8550 Kcal/Nm %9.67x10" Kcal
** 1 Kwh equivalent to
3000 Keal (design figure)

It should be pointed out that the cnergy comserva-
tion techmologies developed recently by the existing
plants such as: fu.ther recovery of waste heat con-
taired in flue gas to preheat the combustion air,




using physical absorption process Lo remove carbon
dioxide, adoption of ammonia absorptican refrigera-
tion instead of ammonia compressing refrigeration,
recovery of hydrogen in purge gas for ammonia simn-
thesis, etc. car all be adopted in the desigam af
this type of ammonia plants, and the total emergy
consumption can be further reduced. |

~ in conclusion, the 200-300 MTPD natural. gas
based ammonia plant consumes less feedstock, ‘can
utilize the scattered loecal gas resources znd re-
"quires less investment. The total energy consump-
tion is also reasonable.
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