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RELIABILITY - A MUST IN AMMONIA PRODUCTION

Ib Dybkjaer
Haldor Topsoe A/S, Denmark

INTRODUCTION

The purpose of the present presentatlon is to lliustrate the Important effect of rellable plant
operation, l.e. high capaecity utilizatlon, on the production cost of ammonla. Furthermare, the
most frequent causes for loss of on-stream tlme will be dlscussed, and some new
developments ensuring Improved rellabllity will be described. Finally, operating results
obtalned In two plants designed by Topsoe will be presented, illustrating what can be
obtalned In modern, well-operated plants.

THE IMPORTANCE OF RELIABILITY

In a dlscusaion of the Importance of reliabie plant operation It Is very difficult not to end up
In one of two pltfalls. One Is trying in a general way to determine "reallstic® economlc
forecasts, considering a number of typical values for the various pareametsrs of Importance.
This will Inevitably lead to an evalanche of cash flow tables, tables of calculated IRR on
Investment or equity In different time frames, tables of accummulated profits (or lossesl),
etc., all on the hasis of different assumptlons concerning plant capacity and efficiency,
Investments, flnancing schemes, depreciation models, taxations, different prices for raw
materlals, utflities, manpower, and products including different escalatlon rates of these
prices, ete. - and different assumptions concerning plant utilization in the years considered.
When one considers the amount of paper which may be required for such studles in order to
“Justity" Investments in a specific case, then the possible volume of a general study becomes
truly frightening.

There 1e a rlsk of ending In another pltfall If one decldes to simplify matters by consldering
Just one set of assumptlons and to calculate eg. the preduction cost of ammonla, assuming
varfatlons In plant capaclty utilizatlon. In this case all the tables, etc. shrink to almost
nothing and one is left with results so obvlous that one is almost ashamed of presenting
them.

In spite of Itz obvious drawbacks, the second approach was dellberately chosen for the
present presentation. It was declded to conslder the production costs as consisting of Just
two elements, "Fixed Costs" and "Variable Costs", and to evaluate on this basls the effect of
capacity utilization.

"Fixed Costs" are assumed to be independent of production rate. The mosat Important
slements are debt service, depreclation, taxes other than corporate tax, insurances, salarles
and wages including posslble soclal services, management and marketlng expenses, and
maintenance costs. The "Fixed Costs" will be high when the plant Is new because of the
burdens of Interest and debt repayment and relatively low - but certalnly not zero - when the
plant Iz old and loans have been pald back.

"Varlable Costs" are assumed to be proportional to productien rate and thus zero when the
plant is not operating. Plant shut-down and start-up are assumed to have no influence on the
varlable cogta - this Is not a completely realistic assumption. The main element In the varlable
costs {s the cost of feed + fuel; other elements are cost of electric power, water, and other
utllitles, and (also a debatable assumption) cost of catalysts and chemicals.



In order to quantify the impact of capacity utilization on production cost the assumptions
summarized In Table 1 ware made.

Table 1
Basle Assumptions
Nameplate capacity 1000 MTPD NH,, 330 days/year
Fixed costs 10 MM US3%/year

26 MM US$/year
40 MM US3/year

Varlable costs Cast of feed + fuel + 5 US$/MT N'I-I3
Consumption of feed + fuel 8 Geal/MT NH
Cost of feed + fuel 2 US$/Geal (0.5 USS/MM BTU)

10 US$/Geal (2.5 US$/MM BTU)

Fixed Cosats of 10 MM US$/year correspond roughly to a situation where all debt has been
repaid. 40 MM US$/year are relevant for a new plant (total invastments 160 MM USS$, yearly
debt service and other capital expenses assumed at 20% of investments = 30 MM US%/yenr).
25 MM US$ represents an Intermediate situation {or a sltuation where either Investments or
capital expenses for one or the other reason are unusually low).

The total energy consumption of 8 Geal/MT of ammon{a may be typlcal as a yearly average
for a relatively new natural gas based plant. It is of course unreallstic to assume that all
plants - old and new - have the same energy consumption. The real situation is probably that
a new plant consumes somewhat less (on the average and at full capacity), while the old
plant consumes conslderably more, and all plants have somewhat Increaged speclfic
consumption when operating at reduced rates. Simllar comments are relevant for the other
variable costs, which have for simplicity been taken as 5 US$/MT In all cases.

Based on the simplified assumption outlined above the results shown in Figure 1 have been
calculated.

Some general conclusions are obvious from the figure, consldering that at present the world
market price for ammonla is fluctuating around 100 US$/MT:

[t requires a capacity utilization well above 100% to produce ammonla at a competitlve
price in new plants - even if gas {s cheap and capital Is not expensive,

It Is very difficult to produce ammonie at a competitive price in areas where feed and
fuel are expensive. It Is barely possible in old, efficlent plants and probably Imposslble
In new planty,

Plant rellabllity may be - and will In most cases be - essential for the financlal survival
of the ammonia producer. In a new plant operating on cheap feed + fuel, the difference
In net Income at an ammonia price of 150 US$/MT between D0% and 110% capaclty
utillzation is about 8.6 MM US$/year. This may repregent & change from an annual loss
of 1.7 MM USD to an annual profit of 6.8 MM USS.
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As mentioned above - these conclusions are simple and obvious. It may be appropriate,
however, to add some comments on the apparent discrepancy between the general level of
production costs Indlicated in Flgure 1 and the present market price of about 100 US$/MT of
ammonia, The sltuation is that the price level In the figure Indicated for new plants with
cheap feed + fuel Is probably quite realistic. It Is the present market price which Is distorted,
much too low, mainly because of the situation In CIS and other factors which will not be
slaborated here. How do ammonia planta then survive? Mainly by selling downatream
products, e.g. urea, DAP, or ammonium nitrate, which obtain more reallstic prices. As an
example It mey be noted that at realistic conditions urea ashould cost 10-20% less than
ammonla per ton In view of its lower nitrogen content. The actual situation, s, however, that
the urea price Is 10-20% above the ammonla price - again indicating that the ammeonia price ls
depresged to a level about two thirds of what it should reallatically be.

CAUSES OF LOST PRODUCTION TIME

The most comprehensive study of causes of lost production time In ammonia plants has been
made by G.P. Willlams and co-workers and has been published at flve "Ammonla Safety
Meetings" at the American Institute of Chemical Engineers. [1-6].

A serles of surveys were made, first in the North Amerjcan ammonia Industry and, since 1978,
worldwide (excluding the then soclalist countries). Data are avellable up to 1985,

Filgure 2 has been prepared on the basis of data from the surveys: only data for North
American plants have been consldered since only these are avallable for the whole period.
The flgure shows both number and duratlon of unscheduled ("avoidable™ shutdowns -
average per plant per year - due to varlous causes. Thera i3, especially for the last 12 years
covered, a very clear trend of deelining number of shut-downs and number of daya loat. Thia
Is probably partly due to a phase-out of old plants, partly to Introduction of new, more
rellable technology, both in existing plants by revamps and in new plants. In the whole perlod
the maln part of the shut-downs have been caused by equipment fallures. The most
unreliable squipment {tems - evaluated by the number of days lost due to fallures - have been
the primary reformer and the compressors and turbines.

These two equipment groups have In all the surveys been responsible for more than 60% of
the ungscheduled downtime caused by equlpment fallures. Also the secondary reformer
including Its waste heat boller has cauzed a significant amount of downtime -with probably
the waste heat boller the most Important In thls respect. It Is clear that a lot of Information
18 lost in this very summaric presentatlon of fallures. In many cases equlpment fallures may
be a secondary effect, while the resl cause Is maloperatlon or fallure in enother part of the
plants. Examples: Fallure of feed desulphurization may cause reformer fallure, and faflure of
boller feed water treatment or malfunctlon of the Instrumentation may cause boller failure.
Also, many of the cases reported as "equlpment fallure" are not the effect of poor
workmanship or maloperation, but may go back to incorrect plant design In a general sense,
e.g. lack of proper conslderation of plant upset condltions. The clear downward trend In
number of "equipment fallure" caszes to some extent reflects an improved "quallty" of the
process and plant engineering.

It 1s clear, however, from the above that In the past equipment failures, especially fallures in
reformer, compressors and turbines, and bollers caused significant unscheduled downtime in
the ammonia Industry. It Is also clear that the trend has been towards a reduction In the
time lost. This trend has continued, as it will be demonstrated later, to a polnt where the
time lost In unscheduled downtime due to technical reasons ls in many plantg almost
negligible. An Important side effect of the better deslgn and the Improved rellabllity Is that
the durarfon of scheduled turn-arounds cen be shortened, and moreover - a definite trend In
the industry - the time span between turn-arounds can be extended from the conventional
one year to 18 menths or even two years.
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The reasons for the Improved reliability In ammonla plants are many; some of the most
mportant are summarized in Table 2 and further discussed brisfly below:

S — v —

Tahle 2
Main Causes for Improved Rellabliity
ln Ammonia Plants

Improved engineering deslgn
[mproved catalysts

. Improved equipment

. Improved training of operators

. Improved malntenance Including
preventive rmalntenance

. Sharing of experiences In the Industry

. Improved engineering design. There are today only four competitors In the supply of
technology for ammonia plants (Topsoe, Kellogg, Uhde, and Brown and Root Braun, listed in
order of number of recent contracts). All of these technology suppllers have a long experience
and have teams of speciallsts who together ensure that the engineering 18 sound, that the
moat rellable types of equipment are selected, that the equipment Is deslgned for the most
eritical conditions taking also upset sltuations into account, that instrumentation and control
systems are deslgned properly, and that operating manuals are correct and complete.

. Improved catelysts. A natural gas based ammonia plant uses 8 to 9 different types of
catalyst. All catalysts are constantly Improved to obtain better actlvity, better resistance to
polsoning and to effects of plant upsets, and better mechanical properties. The amphasls
shifts constantly. Some years ago the most critical catalysts, Le. those most often cauging
operational difficulties, were the primary reforming catalyst and the low temperature shift
catalyst. New developments in shift catalysts (such as the Topsoe LSK/LK-821 comblination)
and In process technology (reduction in steam to carbon ratio) moved the problems In the
shift sectlon to the high temperature shift catalyst, and new types (such as the Topsoe SK-
201 catalyst) were developed to restore the reliabllity of the shift gectlon. In the reforming
sectlon catalyst developments (such as the shape optimized Topsoe catalyst type R-67-7H)
hes, together with Improved understanding of catalyst polsoning and the mechanism of
carbon formatlon, led to very robust reformer design. New technology, i.e. pre-reforming,
which elfminates from the primary reformer all polsoning problems and all risk of carbon
formation from higher hydrocarbons, is being Introduced In the ammonia Industry and will
further increase the realibllity of the reforming section. Improved knowledge about catalyst
agelng and improved models for catalyst and converter performance makes predictions about
remaining Hfetimae safer, thus reducing the risk of downtime caused by catalyst failure in the
the constantly increasing time spans between scheduled turn-arounds.

. Improved equipment. As for catalysts, there Is for the equlpment used In ammonia plants a
constant development to Improve performance. Improved materlals are used, eg. in the hot
partg of the primary reformer, mechanical deslgn of e.g bollers and reactors ls optimized,
corrosion Incidents (e.d. metal dusting corroslon In reformed gas waate heat bollers) are
analyzed and causes eliminated by change of mechanical design and process design, ste.
Improved Instrumentation and advanced control {l.e. computerized control of critical process
parameters such as steamn to carbon ratle, hydrogen to nitrogen ratle, reformer firing. etc.)
reduce variations In operating conditions and therefore the risk of exposing equlpment to
adverse condition.
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. Improved tralning of operators. Better tools for training of operators are becoruing avajlable
through the development of dynamle plant simulators. Such Installatlons allow simulation in
reel time of plant start-up and shut-down and of plant upsets so that the operators can be
tralned off-line and In advance In all types of Incldents and therefore react correctly when
the problem becomes real.

. Improved malntenance Including preventlve malntenance. New technology - e.g. new
methods for non-destructive testing of equipment - has been Introduced. This makes It
possible to check the condition of equipment during - and In some cases between - scheduled
shut-downs and to forecast the remaining lifetime, thus allowing sound declslons concerning
preventive malntenance or equipment changeout.

. Sharing of experifence in the industry. [t 13 an Important characteristic of the ammonla
Industry that open Information and discussion about plant incidents iz available. This may
happen at open conferences as the pressnt conference or the well-established "Safety
Meetings", annual meetings arranged since the late 18960's by the American Inatitute of
Chemical Engineers under the title: "Safety in Ammonia Plants and Related Facllitles". Also
more informal contacts or closed seminars, e.g. arranged by technology suppHers, contribute
to this exchange of information. The result is that knowledge about operational difficultles
and actions to prevent them ls avallable to the whole Industry, 8¢ that the reliabllity of the
whole Indusgtry is improved.

PERFORMANCE OF AMMONIA PLANTS DESIGNED BY TOPSOE

Since 1980 construction of 17 ammonla plants based completely on Topsoe technology has
been completed, and a further 9 units are being implemented.

To lllustrate the development In design and performance a survey Is glven in the following for
two of the plants completed since 1980;

1000 MTPD plant for Faujl Fertilizer Company Limited, Pakistan
1000 MTPD plant for P.T. Kallmantan Timur, Indonesia

Thess plants were selected because very complete records of performance are available In
both cages, Furthermore both plantas have avelded any significant loss of production due to
external factors such as power failure or lack of feedstock.

The plants both use natural gas as feedstock and are basically using the same "conventional
series of process steps. Key data for each plant including performance during test run are
glven In Table 3.

Further data for these plants and other plants designed by Topsce have been publigshed in
[B] - [11].
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Date of first ammonia production

Time between contract date and firgt

Date of completion

Aprll 28, 1982

June 18, 1982

- L R T T T . .
r Table 3
Data for Two Ammonia Plants Designed by Topaoe
Plant Identification FFCC KALTIM
Nameplate capacity, MTPD 1000 1000
Contract effective date June 1978 February 26, 1986

Decembsr 8, 1988

production, months 48 33
Time between first production and

gtart of test run, months 2 1
Test Run

Duratlon, days 7 15

February 3, 1689

Net energy consumptlon, Geal/MT B.A5 7.02
Average production, MTPD 1063 1031
Cooling water temperature, °C 30 32
FFC Fau}l Fertillzer Company Limited
KALTIM P.T. Pupuk Kalimantan Timur
_— e . v i T I . T L T —

FAUJI FERTILIZER COMPANY LIMITED

Thls plant is located In Goth Machhi, Pakistan. The ammonia plant was designed in the lata
1970’s and uses the technology of that perlod. As an example, the ammonla converter was a
5-100 quench cooled radlal flow converter. Urea technology is by Snamprogettl SpA. During
the years Topsoe has remalned In close contact wlth the cilent and has assizted In
streamlining and optimizing the operation. Significant !mprovements in capaclty utization
and energy efflclency have been obtalned without any additional Investments ag lllustrated In
Figure 3 and Table 4,

Figure 3 shows a plot of the capaclty utillzation each month since start of commercial
production In May 1982. It should be noted that the deflnition of 100% capacity utlllzation is
based on calendar days. It is thus different from the normal deflnitlen which uses 330
days/year as basig. The data are for urea production; separate data for ammonla production
are not avallable, but since all armmonia I8 converted to urea, they would within 1% be the
same as for the urea plant.

It is seen that the plant has operated consistently at a high production rate, and that there
Is a trend towards Improved capacity utilization through the years.

Table 4 shows the energy consumption In the ammonia plant, measured on specific dates as
Indicated.
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Table 4
Energy Consumptlon in the FFC Ammonia Plant
Geal/MT NH,
Average durlng test run (June 1982) 8.85
23/2 1984 (Just before turn-around) 8.62
26/3 1984 (Juat before turn-around) 8.10
27/2 1986 (Just before turn-around) 8.38
17/3 1988 (Just before turn-around) 8.18

Also these deta show that, contrary to what may be general bellef, the performance of an
ammonia plant may be significantly Improved as the plant becomes older, Just by
optimlzation of operation and redress of minor mechanical faults, stc. This Is of course quite
natural because a lot of small Improvements and adjustments will always be posslble In a
specific plant. The only prerequisites are a dedicated and well-qualified staff, both {n
operation and in maintenance, and a plant with some flexibility.

The ammonia plent has recently been revamped for further improvement of the operatlon. Th
s revamp Included Installation of a 5-200 basket In the orlginal pressure shell and also
additlonal steam superheating c¢apacity together with other minor modifications. The urea
section will also be modifled malnly by additional urea solution evaporator capaclty and one
additlonal carbon dioxlde compressor. This has not yet been fully implemented, and the
improvement in performance, has, as a consequence, not yet been fully realized. The FFC
plant has, through the flrst 8% years of operation, had e total downtime of about 320 days.
Qut of this, about 140 days have been scheduled turn-around and about 50 days were caused
by events outside the ammonla plant. A total of about 130 days of unscheduled downtime
was cauged by Incldents In the ammenla plant.

The primary reformer has not caused unscheduled downtime in the FFC plant durlng the 9%
years of operatlon (this Is a general result In plants designed by Topsos; the good
performance [s credited to the proprietary Topsoe reformer design using the slde flred
concept). The waste heat boller after the secondary reformer and the rotating machines
(compressors, turbines, fans, and pumps) have caused about 36 and 50 days of downtime; the
remalning 45 days have been due to a number of Incldents Involving heat exchangers, plping
{corrogion), instruments, ete.

The performance of tha FFC plant must be noted ag very satisfactory. A second 1000 MTFPD
ammonla plant/1750 MTPD urea plant is at present under constructlon for FauJl Fertilizer
Company llmited for completlon late 1992. The ammonla plant is based on updated low
energy technology from the late 1980's - also supplled by Topsce - and will have a net energy
consumption of about 6.8 Geal/MT NI—Ia.

P.T. PUPUK KALIMANTAN TIMUR

This plant is located In North Bontang, East Kalimantan, Indonesla. On the alte are two older
ammonia plants, and the new plant has therefore been referred to as the KALTIM-III plant.

The plant was constructed by Chiyeda Corporation In cooperation with P.T. Rekayasa
Industr!. The project comprises a 1000 MTPD ammonla plant using Topsce technology and &
1726 MTPD urea plant based on Stamicarbon technology.



The design of the KALTIM-IIl ammonla plant reflects the state-of-the-art for low energy
ammeonia plants around 1985 with the modifications required for integration with an urea
plant. This means that some energy saving features, e.g. the most energy efficient carbon
dioxlde removal process, cannot be used due to the requlrement for full recovery of CO,. A
purge gas recovery unit has been Inatalled to recover hydrogen from the purge gas from all
three ammonia plants on the site. The plant is further described In {?] and [10].

The KALTIM-III plant produced Its flrst ammonia In December 1088 and reached nameplate
capacity Just three days after flrst production. A successful 15 days test run was completed
less than two months after stert-up, and since then operatlon has been very siable with a
minimum number of shut-downs and problems. Overall on-stream factor Inclulding turn-
around has been B5% average at an average production rate of more than 104%, in all the
three years of operation (based on 365 days/year). Downtlme other than turn-around had
been less than 8.2 days/year. The average net energy consumption aver the years was around
7.40 Geal (20.5 MM BTU) per ton NH, (based on lower heating velue of gas streama and
credit/debit of export/import steam u% full caloriflc value). Performance data for the flrst
three years of operation Is shown in Flgure 4. It will be noted that after the firat turn-around
one year after start-up, one mnd a half years of operation passed before the next turn-
around.

The atatistlcs for the KALTIM-III plant concerning unscheduled downtime are shown in Table
5 and Figures 5 and 6. It will be seen that out of 26 events causing a total of 19.65 days
unscheduled downtime, only 14 events respectively 7.63 days were caused by the plant ltself,
10 events out of these were caused by minor problems {n the Instrumentation, mainly related
to faults {n the electronlcs. This performance obtalned in the first 3 years of operation must
be rated as outstanding and credlt must go to the process licensor, the contractor, and not
the least to the owner and operator of the plant.

._n:_:__::_ e THCIT -
Table §
Downtime - Frequency and Total Duration
Frequency Downtime (Days)
Cause 1989 1990 1991 1989 18890 1991
Natural gas supply 2 2 1 2.18 3.00 0.67
Power supply 3 2 2 3.32 1.88 1.32
Procesgs - 2 - - 1.64 -
Instrument 5% 9 2.50 - 1.32
Mechanlcal - 1 5 - 1.02 -
Elactric - 1 - - 1.06 -
.L TA - 1 1 - 21.04 13.76
CONCLUSIONS

It has been |llustrated that plant reliability is of major Importance In production of ammaonia,
Satlsfactory economic results cannot be achieved without a high capaclty utilization.
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Causes of unscheduled downtime are discussed with reference to published data. It is shown
that equlpment fallures, especially In primary reformers, waste heat bollers, and In
compregaors and turbines were historically responsible for most of the downtime. The
statistics will of courze be different for different plants and different technologles. As an
example, fallures In the reformer have not been a major reason for losa of production in
ammonla plants designed by Toproe.

Performance data from two plants designed by Topsoe are presented. The plants have durlng
10 respectively 3 years of operatlon shown very satlsfactory results.

High plant rellebility 1s thus possible with today's technology and required in today's
competltive market. This should be consldered by owners of armmonla plants - also when thay
select technology for new plants.
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