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EVALUATION OF COMPLEX FERTILIZER MANUFACTURE BASED ON
SYSTEMATIC ENERGY ACCOUNTING '

E. Aasum. S. Flateboe and R. Groennerud, Norsk Hydro a.s., Norway
SYNOPSIS .

The evaluation makes use of a method for keeping account of total energy
consumption required to produce complex fertilizer by the two main process
routes, viz.

[. A sulphur based NPK process
II. The Norsk Hydro nitrophosphate process

(omparable battery 1imits for the production complexes are specified, and the energy
contents in the various raw materials and energy carriers are defined. :
The result of this overall analysis shows a significant difference in favour
of the Norsk Hydro nitrophosphate process.
An attempt to forecast the influence of higher energy costs on the utilization
of the two process routes is indicated.

1) INTRODUCTION

The most common way .to compare different processes is to inspect figures for
investments and operating costs. The basic method for this comparison is to use
the monetary unit and the economic system in the respective countries, and the
unit price of the various cost factors. The weakness of this comparison is the
fluctuation of capital interest and unit prices which both reflect the market
conditions. Thus an economical survey made in 1980 may have less significance in
1990.

The last few decades have clearly demonstrated that energy is representing
a bigger and bigger share of the total production cast. It should therefore be
reasonable to believe that those production processes which require the least
total energy consumption should have the strongest position in the future,

Consequently an accounting system which may determine the total energy con-
sumption for chemical processes should be acknowledged as a valuable indicator
of future technological trends.

With this in mind we are pleased to present figures of the energy consumption
for manufacturing complex fertilizer by the Norsk Hydro nitrophosphate process
compared with the use of a sulphur based route.

2) SYSTEM FOR KEEPING ACCOUNT OF TOTAL ENERGY FLOWS
In order to have a quantitative measure for the efficiency of the utilization

of energy within a production unit or within an industrial complex, it is required
to apply a uniform accounting system.
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The main principle in a system used by Norsk Hydro today is that a pro-
duction unit or a plant will receive raw materials energies and ut111t1es
each containing a certain defined unit energy.

For most raw materials., this energy is related to the energy required to
produce and transport the raw material to the production site. The unit energy
for oil, gases or other materials with well defined combustion reactions is
generally set equivalent to their combustion energy. As an example, natural
gas, which is used for ammonia production, is given a unit energy equal to
the combustion enerqy. Furthermore, electric power is as basis assumed to be
generated in a thermal power station with a total efficiency of 33.3%
giving aunit energy of 10.8 GJ/MWh.

A 1ist of unit energies is presented in Appendix 1.

Sulphur is an important element in these energy balances. It has normally
been acknowledged as a raw material, but it could seem difficult to establish
a general basis for its unit energy (1), because of different production con-
ditions.

The energy efficiency within a sulphur based fertilizer complex is clearly
connected to the utilization of the combustion energy from sulphur for produc-
tion of electricity and/or steam.

Taking this into consideration, we have found it reasonable to use 16.5
GJ/t S.as the best estimate for the unit energy as it represents the energy
from the overall combustion reaction :

S+11/202+H0 — HZSO4

2
This concept has been the basis for our calculation of the gross specific
energy consumptions for alternative production routes,

Gross specific energy consumption is defined as the total energy suppiied
to a production unit in the form of raw materials or other forms of energy
(steam, electric power, etc.) devided by the production rate,.

[t should be pointed out that the comparison of processes involving other-
wise identical raw materials is not much sensitive to inaccuracies in the
value of their unit energies.

3) DEFINITION OF TECHNOLOGIES AND OVERALL BATTERY LIMITS
3.1 Nersk Hydro nitrophosphate process

The Norsk Hydro nitrophosphate process should be wall known through
presentations and publications made during the last 10 years (2,3), but
nevertheless, a short description is included below, and a simplified flow-~
sheet is shown in fig. 1. Raw materials for this process are phosphate rock,
nitric acid, ammonia, potassium salt and finally carbon dioxide for the
conversion of by-product calcium nitrate. The process caonsists of the follo-
wing main process steps :

- Digestion of phosphate rock
- Crystallization of calcium nitrate
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- Filtering of calcium nitrate
- Neutralization of the mother liquor
- Evaporation and prilling

Further, as previously mentioned, the by-product calcium nitrate is normally
converted into ammonium nitrate and calcium carbonate through reaction with
carbon dioxide and ammonia. The ammonium nitrate by-product solution can
either be returned to the neutralization step of the main process in order
to adjust the N:P,0; ratio of the final product, or it can be processed

into ammonium nit a%e fertilizer.

Product formulations with N : P,0_ ratios from 0.7 to 2 can be obtained
by manipulation of the internal pr%déct flows within the normal range of
operation, and other formulations are obtainable through addition of phosphoric
acid or ammonium nitrate from an external source. The final product reaches a
P,0; water solubility of 80-85%. Potassium salts and micronutrients are

aadéd in the mixer prior to prilling.

The process will, for a 1-1-1 product, typically give about 3.4 t ammo-
nium nitrate by-product per t P 05. [t is normally produced as a pan granulated
solid product containing 34.5% ﬁ, but also other N contents can be obtained.

The specific consumption figures for production of prilled 1-1-1 NPK plus
pan granulated ammonium nitrate are defined in Appendix 2 and are given per t
P,O..

275

3.2. Sulphur based complex fertilizer production

We have presented in figure 3 a block diagram of the sulphuric acid
alternative for production of complex fertilizer, 1-1-1 composition,containing
ammonium nitrate. As this route could give a sTightly higher product nutrients
level, we have compensated this by relating consumption figures to 1 t PZOS
in the final product.

Different sources of sulphur and different process routes can be selected
for the first step of the sulphur based alternative, i.e. for the sulphuric
acid unit.

In this comparison we have used elementary sulphur as inlet feed stock
and a double absorption system as reference, Reflected in the utility
figures is a design with electric drives of all machinery in the basic
plant and export of steam. As explained later, this concept is regarded as
advantageous for the total sulphur based complex (4).

As reference for the phosphoric acid process, we have chosen a standard
dihydrate process alternative. The acid is typically produced as a regular
54% PZDS-grade

For compiex fertilizer production we have selected a granulation process
with separate neutralization with ammonia of phosphoric and nitric acid,
The ammonium phosphate slurry from the neutralization contains typically 12%
water whereas the ammonium nitrate solution from the nitric acid neutralizer
is concentrated by evaporation to 93% before mixing (5).

The resulting slurry, together with potassium salt, is fed to a granulator,
and then dried in a conventiconal drier., The finished product is subsequently
screened, cooled and stored whereas fines and crushed oversize are returned
to the granulator as part of the recycle material.
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A production unit for solid ammonium nitrate with its defined consumption
figures has been included in the complex. -

.. .Specific consumption figures are listed in Appendix 3.
3.3, Definition of overall battery limits

Then, in arder to settle comparable and well defined boundary limits for the
complexes, production facilities for ammonia and nitric acid are also included.
The two alternatives are presented in the block diagrams in figures 2 and 3.

|
The ammonia unit will be similar for the alternatives and the choice of !
process route will not influence the overall result. The basic consumption |
figures for the plants are presented in Appendix 4.

A standard dual medium-high-pressure process has been selected for the
nitri¢ acid unit. The surplus of steam from this process unit is moderate as
the main compressor is typically assumed to be steam-driven. The consumption
figures are also given in Appendix 4.

4) BASIS OF THE ANALYSIS

As specified above, comparable production complexes are defined. The com- =
piexes, which are visualized by block dfagrams in figures 2 and 2, contain all
necessary production units upstream for receiving basic raw materials and
producing complex fertilizer of a specific quality (product grade 1:1:1)
and solid ammonium nitrate as final products.

The amount of products and by-products are the same in both cases namely
2120 t per day NPK, 1-1-L and 1190 t per day ammonium nitrate (34.5% N).

As an alternative route within the sulphur based complex we have also
examined a urea ammonium phosphate complex (consumption figures in Appendix
5). The NPK production is the same and an amount of urea. equivalent in
nitrogen to the by-product of ammonium nitrate for the nitrophosphate process.
is included to balance the raw material requirements.

Each unit in the complexes has i1ts own defined consumption figures of
raw materials and utilities which have been used to obtain the reguirements
per 1 t P205 in the final product.

{o-generation units have been incorporated in the production complexes
when there is a simultaneous need for steam and power. The following defini-
tion of co-generation has been used : "coincident generation of steam and
power - electrical or mechanical - or the recovery of process energy for
powar production”, The exploitation of heat and power has been set to 47% and
30% respectively of the total input energy altheough small interactions in
these figures might appear for different steam levels. The figures reflect
the conditions with gas based co-generation systems (&).

5) EVALUATION OF THE RESULTS
5.1. General

The gross energy consumption for the alternative complexes is presented in
Appendix 6.
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The major energy consumer in both process routes is the ammonia plant,
accounting for more than 60% of gross specific energy consumption.

When examining the raw materials - excluding sulphur in this context - there
are slight differences but notably in favour of the nitrophosphate process
due to better P205 recovery.

This clearly demonstrates the importance of being able to utilize the
exothermic oxidation reactions for steam production. In this respect the
contribution by the nitric acid unit is also significant,

-

5.2. Consumption of electric. power™ ™

A closer look at the different energy carriers might be of interest for
the understanding and the evaluation of the result.

In the nitrophosphate complex the consumption figures of electric: power _
and steam show excellent conditions for incorporation of a co-generation unit
as shown in figure 4.

Further examination shows that the power consumption may be lower than
generally expected. The label "deep-cooling process” could lfead to the assump-
tion that large quantities of power is needed for the refrigeration unit.

The survey in Appendix 7 réveals that the cooling unit has a relatively
moderate requirement. The reason is that ammonia., evaporated for use in the
neutralization and conversion section, provide some 75% of the required
cooling load for the crystallization of calcium nitrate tetrahydrate.

Looking at the power consumption in the sulphur-based complex, the phos-
phoric acid unit and the NPK granulatioh - unit are the main consumers, In a
phosphoric acid unit rock grinding and the reaction section require typically
over 60% of total power with rock grinding alone taking around 40% (8).

In total, omission of grinding plus the high rate of dissolution when
using nitric acid instead of phosphoric acid results in a power consumption
for the nitrophosphate alternative of less than 10% of the corresponding
consumption in the phosphoric acid plant.

The main consumer of electric power in the sulphur route would be the
NPK granulation section. The consumption in this section, expressed as energy
per tonne of NPK product, could be 38-40 kWh with a relatively small part
in the wet section and the main part in the granulation loop itself (5).

A typical recycle ratio would be 3:1 with substantial power requirements in
equipment for material handling like the drier, crusher, elevator, etc.

Comparing these figures with the NPK prilling process, energy savings are
clearly demonstrated in the Tatter. With its low recycle ratio . thé electric
power requirement easily drops to Tess than half of the above menticned
figure.

5.3 Steam consumption
Steam consumption in the nitrophosphate process is dominated by evaporation

of ammonium nitrate solution (60%) from the conversion plant and of neutralized
NP-Tiquid (Appendix 8).
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For the ammonium nitrate solution, double effect evaporation has already
been taken into use to save energy.

The evaporation of NP 1iquid represents the second largest consumer. Any
multi-effect evaporation must be excluded here because of the difficult charac-
teristics of the melt. Compared to the energy efficiency in a drier, the
evaporation of water from a melt is a very energy-efficient process. The
build.-urs of deposits on the heated surfaces are moderate and fluidity is
maintained with a rather low proportion of ammonium nitrate and phosphate
compared to the total raw materials. STight improvement in steam consumption
may be obtained by utilization of hot condensate as nrocess water,

A large available energy source is the vapour evolved from the neutraliza-
tion. Here, the heat of reaction from neutralizing phosphoric acid and free
nitric acid evaporates substantial amount of water. Amounting to about
1 tperltP,0., its energy content is under evaluation for several |
alternative uSes. A main obstacle is, however, a high content of nan-conden- |
sable gases {air) in the vapour with a resulting severe effect on the rate of
condensation.

The steam consumption in the sulphur route is principally dominated
by the process of concentration of phosphoric acid from 28% to 54% {about
70% of the total requirement). The remaining 30% are linked to the production
of ammonium nitrate as concentrated solution or as solid product.

For phosphoric acid concentration the introduction of a concept with
multi-effect evaporation with a potential steam saving of 40% does not seem
to have reachad beyond the point of interest,

Another feature could also be incorporated into future planning according
to articles in this field (8). By utiTizing hot water from sulphuric acid
coolers the concentration could be raised to 40% PZO and thereby reducing
the consumption of low pressure steam by some 60%. Tﬁe savings do not come
free of charge, it will require increased investment, increased power
consumption, etc., which could be a too large burder. even on this substan-
tial incentive.

The granulation section could use many process alternatives (sTurry granu-
lation, solid MAP, co-neutralization and evaporation, etc¢,;). The one chosen in
this context, the mixed liquor process, requires the lowest consumption of
medium pressure steam and the highest consumption of 2 bar steam of the
mentioned alternatives (5). For the complex as a whole, this leaves a maxi-
mum amount of steam to be utilized for power production.

As a basis for the ammonium nitrate technology we have selected a prassure
neutralization with reactor steam being utilized for evaporation up to 95%
solution. The surplus heat of reaction is taken out as low pressyre steam
in a separate boiler normally located in a circulating loop over the
reactor,

In the wide range of ammonium nitrate neutralizer tachnolaogy it is diffi-
cult to select one as representative. The process described has been in- .-
successfui operation for several years and is regarded as a gqood example for
energy recovery (9).

Many would, however, be in favor of the simpler atmospheric neutralizer
installation which would in practice lead to a higher consumption of medium
pressure steam.
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5.4, Energy accounting scheme
5.4.1, Nitrophosphate process

By examining the different units in the nitrophosphate complex a need
of energy supplied in the form of steam is clearly shown.

The two steam generating units are the ammonia and the nitric acid plants.
These plants are normally designed for utilizing the steam for mechanical
drives within the units. In these cases a centralized co-generation unit
and/or steam turbine have been considered in order to cover wholly or
partly the requirements of electric power within the complex.

The scheme we present in figures 4 and 5 is thus only meant to highlight
a few aspects and not represent any optimum situation,

The complex is worked out as a thearetically self-supplied unit also
with respect to electricity and with gas as the only primary fuel. The self-
supply of electricity illustrates well the possibilities of a co-generation
system. In the scheme the co-generation and the double extraction condensing
turbine are presented as separate physical units. In an actual.installation the
power generating units could be integrated by increasing the installation
of common mechanical equipment within the ammonia plant.

A main consideration in any scheme would be the need to cover fluctuations
in both steam and electrical energy consumption. While the ammonia and
nitric acid units maintain & rather stable ratio between steam and electric
powar, the NPK unit shows a more complex operating pattern. With amplée
buffer volumes a very high regularity is proven, but the steam requirement
is particularly dominated by a few large consumers of medium pressure steam
for evaporation purposes. Shut-downs in these sections will therefore
greatly influence the generation of electric power.

By examining the ratio: between steam and electric power it seems con-
venient to use an additional gas fired boiler. This last unit can quickly
be adjusted to the fluctuating steam needs. At reduced steam load, electri-
city production can be maintained in the co-generator system and more of the
high pressure steam be expanded down the condensing pressure. Electricity
export may even be economicaily interesting for a local power board, but
will depend upon the amount and the lengh of the delivery period. The boiler
must, however, be designed to be able to master the start-up conditions when
steam and power requirements are far from normal.

Case B relies on electric power import from the local board and with
internal steam supply only.

This modification adds another 2.386 G/t PZO5 to the energy requirement.

Thus the co-generation unit in scheme A could easily be justified with
an expected pay-back period of 1-2 years.

5.4.2. Sulphur based route
The energy-efficiency of the total sulphur-based complex is charac-

terized by the total steam surplus and by an important consumption on the 2 bar
level. The conditions for generating steam at a high pressure and to place
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an efficient co-generation unit within the production complex should be excellent.
In this case the sulphuric acid unit should produce steam at an economical

and justifiable pressure. In practice the surplus steam from nitric acid unit

is integrated with the steam from sulphuric acid unit before entering a common

co-generation system,

For this installation a double automatic extraction, condensing turbine
may be interesting, These units should give flexibility to respond automati-
cally to variations in steam demand besides the control of power generation.

5.4.3. Urea ammonium phosphate alternative

We also found it interesting to look at the combination of sulphur-
based ammonium phosphate and urea for production of NPK..

The complex is presented in figure 7. It has as basis the same NPK pro-
duction and an amount of urea equivalent to the nitrogen by-product in the
nitrophosphate process,

As seen by the analysis, the energy balance is not in favour of such a
combination. The higher energy consumption is primarily caused by a major
requirement of high pressure steam for the urea-process, which reduces the
electricity production from co-generation.

This is a rather rough evaluation of the alternative, but the difference toward
the other two processes seems quite significant. An improvement of this alternativ
by optimal design and updated process information may reduce this difference.

5.5. The co-~generation concept

The schemes presented bhoth on the nitrophosphate and the sulphur-based route
may seem --- a somewhat scientific appreoach to maximize the energy utilization.

There could be atrong objections to introduce additional complexity by
common steam and power generating systems. This being particularly so if only
a few days' Toss of output due to breakdowns can more than eliminate . the
anticipated savings in aenergy. )

On the other hand, there seems to be strong economic incentives to seriously
consider such installations, and with the overall technical experience today
with such power generating systems, this should not be a risky step forward.

6) CONCLUSION AND FUTURE TRENMDS IN FERTILIZER PRODUCTION

The method for keeping account of the total energy consumption has been
used for some time by Norsk Hydro. Analysing the production of complex fertili-
zers was an obvious step due to our interest in this field.

The final results of this work are shown in detail in Appendix 6. For
an overal]l comparison it is mainly the bottom line of each set-up that require
attention . :
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I A Norsk Hvdro Nitrophosphate Complex 110.6 Gd/t PEOS
Scheme A {figure 4) ‘

I ~ B Morsk Hydro nitrophosphate complex

. Scheme B {fidure 5) : 112.9 GJ/t P205

II A Sulphur-based NPK Complex (figure 6) : 121.6 GJ/t P,C,

IT B Sulphur-based NPK Complex
with Urea-Ammonium Phosphate
(figure 7) 130.5 GJ/t PEDS

The situation in this field is clearly demonstrated by the fact that the
Norsk Hydro nitrophosphate process needs less total energy for production of
complex fertilizer when taking into account all suppiies of raw materials,
electric power and utilities.

The higher total enerqgy consumption accumulated per unit product via the
sulphur-based route states the fact that sulphur must be gbtained at a low
price (Jow energy cost) fto justify that alternative.

In contrast, sulphur, as an energy carrier, has today a rather high cost
compared to other sources, With an expected trend of overall shartage also in -
the near future any major change in that cost situation seems unlikely.

With a further development of the general technplogical lTevel and with
higher perfection in all process siteps, we feel that the specific unit energy
in the product will in the future get more attention as an indicator of compe-
titive production technology.

7) NOTATIONS

The calculation and the presentation have been worked cut with SI-units.
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9, FIGURES
l. Norsk Hydro HPK-process, Block Diagram
2, .NPK-Complex with Nor5k Hydro Nitrophpsphate process
3.‘ Sulphur-Based NPK-Complex

4., NPK-Complex with Norsk Hydro Nitrophosphate Process

energy Accounting Scheme A.

5, NPE-Cemplex with Neorsk Hydro
Nitrophosphate process
Energy Accounting Scheme B.

6. Sulphur-Based NPK-Complex
Energy Accounting Scheme,

7. Bulphur-Based NPK-Complex with UREA-Ammonium Phosphate

Energy Accounting Scheme.
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NPK-COMPLEX with NORSK HYDRO
Nitrophosphate Process
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SULPHUR-Based NPK-COMPLEX
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NPK-COMPLEX with NORSK HYDRO
Nitrophosphate Process
Energy Accounting Scheme A
Figures are per 1t P,0;g
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NPK-COMPLEX with NORSK HYDRO
Nitrophosphate Process
Energy Accounting Scheme B
Figures are per 1t P, 0
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SULPHUR-Based NPK-COMPLEX
Energy Accounting Scheme
Figures are per 1t P,0

Figure b6
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SULPHUR-Based NPK-COMPLEX

with UREA-AMMONIOM PHOSPHATE
Energy Accounting Scheme
Figures are per 1t P,0.
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APPENDICES.

Basic Unit Energies

~Consumption Figures for Norsk Hydro Nitrophosphate and Pan

Granulation Process.
Consumption Figures for the Sulphur-Based Froduction.
Congumnption Figures for Ammonia and Nitric Acid Plant,

Typical Consumption Figures for UREA Ammonium Phosphate

Production.
Gross Energy Consumption of Complexes
Electric Power Consumption in the Nitrophosbhate Plant.

Steam Consumption in the Nitrapﬁosphate Process '
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Appendix 1

Bagsic Unit Energies
(1l GJ = 109 joule = 238844 Kcal = 277,78 kWh)
Phosphate rock* 5 GJ/t

, L. *
Potassium chloride 5.6 GJ/t
Electric power ( Ny = 0,333) ic.8 GJ/MwWh
Natural gas, per 1000 Nm3 36.56 GJ

Sulphur, elementary 16.% GJ/t

The unit energies marked with an asteric originate from an
energy matrix published by the Energy Research Group,
University of Illinois.

3026L
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Appendix 2

Consumption Figures for Norsk Hydro Nitrophosphate and Pan

Granulation Process

The data refers‘to a complex fertilizer production of 2120 t/d of
1-1-1 grade plus 1190 t/d ammonium nitrate (34.5% N) fertilizer,

Figures per 1 t PEDS in 1-1-1 ¥NPK-grade:

Phosphate rock (30.4% P,0.) ! 3.12

t
_Nitric acid (as 100%) 4.43 ¢t
Ammonia o ' 1.44 t
Potassium chloride 1.68 t
Carbon dioxide 1.21 t
Electricity 480 kwh
Steam - 3.80 t
Fuel (Natural gas) 12.0 Nm3
Export:
By-product AN (34.53%N) 3.4 t

J026L
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Appendix 3

Consumption Figures for the Sulphur-Based Production

The data refers to a production of 2120 t/d complex fertilizer of
1-1-1 grade plus production of 1190 t/d of ammonium nitrate (34.5%)
fertilizer,

The production scheme congists of several units with the following
raw-materials and utility congsumptions.

Sulphuric Acid Plant

B T I T L e

Figures per 1 t/100% Ho80,

Sulphur y : 0.334 ¢
Electricity 56.00 kW
Steam credit (46 bar) 1.06 +t

Phosphoric Acid Plant

B B R T I

Figures per 1 t P,0c in phosphoric¢ acid

Phosphate rock (30.4% PBOS) 3.41 t
Sulphuric acid 2.82 ¢
Electricity 160.00 kWh
Steam (2 bar) 2.40 t

3026L
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NPK Granulation Plant

—— e W T o B vl wk

Figures refer to 1 t P,0¢ in the product.

Phosphoric acid (as P,0g) 1.02 t
Nitric acid 1.78 t
Ammonia 0.75 t
Potash | 1.68 t
Steam (2 bar) 0.10 ¢
Steam (15 bar) 0.45 t
Fuel (natural gas) 24 N m3
Electricity ' ' 240 kWh

In addition to the complex fertilizer, a production of solid
ammonium nitrate must be defined within the battery limit in order
to balance, the production.

!

For this section we have the following consumption figures:

Ammonium nitrate plant

L p L ik A i e AN b g R iR b R b —8 —

Figures per 1 t so0lid ammonium nitrate fertilizer.

Nitric acid 0.787 t
Ammonia 0,211 &
Electrigity +41.0 kWh
Steam (15 bar) 0.11 ¢
Steam credit (5 kar) .18 &

3026L
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Appendix 4

Consumption Figures for Ammonia and Nitric Acid Plant

We have used a high efficiency natural gas based unit with the

- following consumption figures,

Figures are per 1 t NH,

Natural gas feedstock 22,521 GJ (616 Nm°)
Natural gas fuel 6.288 GJ {172 Nm3)
Total natural gas 28.809 GJ (788 Nm°)

After meeting all the internal Steam demands a total amount of
688 kg/t NHy at 46 bar and 389°C will be available. This

steam can be passed through a condensing turbine or exported.

If the steam is passed through the c¢ondensing turbine with a
steam/power ratio equal to 4.78 kg steam/kWh we achieve a total
electrical ocutput equal to 143.9 kwWwh/t Nil,.

After‘meeting the internal electricity demand of 100.8 kWh/t

NH,, the export could be 43.1 kWh/t NHs.

Mitric acid plant

A o mr e

Figures per 1 & 100% HNO,

Ammonia 0.29 ¢
Electricity 10.0 kwh
Steam, credit (46 bar) 0.31 ¢

3026L
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Appendix 5

Typical Consumption Figures for Urea ammonium Phosphate
Production

The data should be considered as general:

Urea

Figures are given per 1 t product.

Ammonia : 0.58 ¢

Steam (approx. 20 bar) D.éS t
Steam (approx. 12 bar) 0.25 t
Electricity S 21 kWh

NPK Complex Fertilizer

Figures are given per 1 t P205 in the preoduct.

Steam (5 bar) 0.12 t-
Electricity 177 kKWh
Fuel(natural gas) 0.086 t

The data are taken from (7).

3026L
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Appendix 6

Gross Energy Consumption of the Complexes

Summary

1. Norsk Hydro Nitrophdsphate Complex:

1.1 Scheme A Gl/t P,0¢
Phosphate rock 3.32 X 5 = 16.6
Potasium chloride : 1. 68 % 5?6 = 9.4
Natural gas to ammonia plant 788x 2.71 x 36.56/1000 = 78.1
Natural gas to NPK plant 12 x 36.56/1000 = 0.4
Gas to combustion turbine 168 x36.56/1000 = 6.1
Gross specific energy consumption 110.6
1.2 Scheme B GJI/t P205
Phosphate rock 3.32 x 5 = 16.6
Potasium chloride , 1.68 x 5.6 = 9.4
Gas to ammonia plant - 788x 2.71  36.56/1000 = 78.1
Natural gas to NPK plant 12 X 36.56/1000 = 0.4
Gas to gas boiler 59 x 36.56/1000 : = 2,2
Electricity 0.575 X 10.8 = 6.2
Gross specific energy consumption 112.9

3026L
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2. Sulphur Based Complex

Phosphate rock 3.48 x 5

Potasium chloride n 1.68 X 5.6

Natural gas to ammonia plant 788 x 2.71 . 36.56/1000
Sulphur 0.96 x 16.50

Natural gas to NPK plant 24 x 36.56/1000

Gross specific energy consumption

Lab
.

Sulphur based NPK Complex with
Urea-Ammonium Phosphate

Phosphate rock 3.48 x 5
Potassium chloride  1.68 X 5.6
Gas to ammonia plant 788 X 2.71 = 36.56/1000

Sulphur 0.96 X 16.50
Gas to gas boiler 98 x 36.56/1004Q
Gas to UAPK granul. 69 X36.56/1000
Electricity 0.339 X 10.8

Gross specific energy consumption

3026L

GJ/t PZPE
=17.4
= 0.4
=78.1
=15.8
= 0.9

—— ey e k.

121.6

= o oy e e

GJ/t P,0g
= 17.4
= 2.4
= 78.1
= 15.8



20 - 28

Appendix 7

Electric Power Consumption in the Nitrophosphate Process

Relative figures

NPK Wet Section . Approx., 66%
Agitators/pumps, etc. ApPprox. 29% ‘
. Cooling unit " 23%
Fans/blowers, eta. ‘ 143
NPE Dry Section Approx. 22%

Ammonium Nitrate Section:

Final Evaporation and Pan Granulation Approx. 12%

]

3026L
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Appendix 8
Steam Consumption in the Nitrophosphate Process
Relative figures
Evaporation of NP liguid (20 bar) Approx. '21 %
Evaporation of AN solution {15 bar) 57 %
Miscellanecous 15 bar (ejectors, etc.) ‘ 2%
Miscellaneous 5 bar 19 %

3026L
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Ta/B82/20 Evaluation of complex fertilizer manufacture based on systematic energy

accounting, by E. ARSUM, 5. FLATEBQOE & R. GRONNERUD Norsk Hydro a.s.,
Norway

DISCUSSION : (Rapperteur : Mr. N. SIMOGLOU, PFIL, Greesce)

Q - Mr., K.C. KNUDSEN, Superfos, Denmark

Why did you choose for comparison (ref, page 20-3) a standard dihydrate phoszacid
process and not your own energy saving Fisons hemihydrate process presented in
paper 177

The sulphur-hased process is charactaerized by a considerable surplus of low presg-~
sure steam. Let ugs assume that the data from paper 17 are used - and let us assu-
me that the 2 bar steam and hot water from the sulphuric acid plant can be expor-
ted from the NPK complex and made useful in cther parts of the factory or for
town district heating. In that case we calculate less total energy consumption

in the sulphur-based than in the nitrophozphates NPRK<complex,

The decisive factors in the present evaluation szeem to be firstly whether you
can make use of all your low temperature calories, and secondly what price you
have to pay per unit of energy in sulphur compared to gas or oil - provided that
yvou put the value of aulphur a=s a raw material at zero.

The standard dihydrate phosacid process was chosen for the comparison because it
is generally well accepted and has a high possibility in handling the wide varie-
ty of available commercial rocks. Moraover, the resultw of paper 17 was neot known
in detail when our paper was prepared.

After paper 17 was published we have, however, made the necessary comparisons
and utilized specifically the energy information in that paper. Bazed on a gross
specific energy consumption faor the dihydrate process of 121.6 GJT/t P205 we see
the followinyg improvements for this hemihydrate version:

Increased phos. rock consumption + 0.1 GI/t 9205
Reduced sulphur consumption -0 T TN
Gross spec. energy consumption 121,17 =+
with hemihydrate process

Credit for electr. power export 2.9 wowonow
Net spec. energy consumption for 11g.2 momonow

hemihydrate procesas

We agree with Mr. XKnudsen on the importance of utilising the low grade heat.
Town heating iz interesting, but the possibilities seem limited to areas which
already have an established system like in Sweden, Pinland and Denmark.

For the gake of theoretical calculation, if one could economically fully utilize
all the low grade heat, this would make another credit of maximum 6.4 GJ/t P P
for the sulphur-based process,

Thus the sulphur based case - with hemihydrate and maximum theoretical low-grade
heat credit - would still come out with a slight digadvantage compared to_the
nitrophos-based route (111.8 GI/t P205 vs 110.6 GJ/t P205)1

Pinally it is interesting to notice that sulphur at 140 2/t means an energy
price of 8.5 # /GJ using the combustion energy of 16.5 GJ/t sulphur as in

the paper.
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Thiz means for example that the difference in &J hetween the nitrophosphate al-
ternative and the sulphur-based alternative in appendix 6 of the paper amounts
to about 110 3/t PEDS = 3till with sulphur as raw material at zero valua.

Mr. N. NICOTRA, ANIC SpA, Italy

In the paper, you prasent your process as energetically convenient in comparison
with a sulphur-based NPK complex,... ... alse if this last cne is "constructed"
to produce a nearly 1:1:1 NPK and AN. )

We could agree with your calculation in the case of a twaditional factory, but
with the existing energy recovery improvements in sulphuric and phesphoric acid
plants and NPK granulations, we think that the situation will be halanced and
the interest in vour process consists in the differance of raw materials and
their costs:

for example: following your Energy Accounting method, what would he the new
gituation for a sulphur based and a nitrophosphate factory with the following
considerations :

Sulphuric acid, phosphoric acid and NPK granulation plants consume half of the
indicated consumption of Kwh and fuel gas,

Phozphoric acid and NPK granulation den't need steam because phosphoric acid is

consumed at 42% concentration, utilizing, in the dihydrate process, heat recove-
red from sulphuric acid coolars

Thea recovered energy in the sulphur based plants produces electrical powar bene-
fits that must he produced in the nitrophosphats process from natural gas in
a4 bigger cogeneration unit.

With regard to the utility consumpticons we have the following comments:

- In the sulphuriec acid plant the electricity consumption is directly linked
with the surplus steam. It would seem difficult to raduce the guotad elec-
tricity demand without alsoc reducing the steam credit.

- The elactricity c¢onsumption for a dihydrate process seemsg to be in good agraee-
ment with informaticn for other processes (see paper 17).

-~ We selected an NPX granulation process with a recycle ratio of 3:1. A lower
ratic can he used and accordingly a lower electricity consumption can be cob-
tained, but this would require higher steam consumption, The granulation route
wa chose had the highest consumpticn in L.P. steam. This is essential for a
good overall energy result in the sulphur-based -omplex.

- The two last questions deal with the utilization of low and high grade heat
from the sulphurie acid plant. Through our calenlation dn the hemihydrate pro-
cess (where the acid concentration ax filter is 42%), we feel we have cutlined
the situation. The nitwophosphate process ands up with a lower net specific
energy reguirement ewven If both elactricity production and low grade heat
utilisation is taken into acecount for the sulphur-based version.

v






