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UTILIZATION OF PROCESS HEAT FROM THE HTRM IN THE CHEMICAL AND RELATED
INDUSTRIES

M. K. Schad
(Lurgi GmbH, Frankfurt/M, West Germany)

Abstract: Lurgi investigated the feasibility of supplying industrial
processes with heat and energy from a Module High Temperature Reactor in
an extensive study. This study shows that there are several processes
suitable for coupling with the HTRM almost immediately and only require
the layouts are tested. The most interesting process in this respect with
high market potential are aluminium oxide production and crude oil
refining.

Nulcear Process Heat, HTRM, Aluminium Oxide, Crude Oil Refinery

Introduction

About 3 years ago Lurgi, as plant contractor, supported by BMFT began to
search for suitable processes to supply process heat and energy from the
HTRM and assess them, with the scope of a study. The purpose of these
endeavours was to extended the application range of the HTRM and to
establish potential uses so that the work still necessary to introduce the
HTRM as process heat supplier could be approached with purpose and
effectively.

The result of the study is:

There are processes for which process heat and energy supplied by the HTRM
can be used immediately. Only layout trials are practically necessary for
this, i.e. no major long-term development work will be necessary. Known
technologies only require to be optimally combined. Economic operation is
possible and a potential market on hand. In addition arguments such as
polution control, saving of resources and non-existant infrastructure can
favour the competitiveness of the HTRM.

The range of application of the HTRM for supplying process heat and energy
is there where large deposits of raw materials are exploited in the
long-term and where considerable quantities of process heat and energy are
required for their convertion into intermediate and final products.

However, the HTRM was not designed market-specific for the process plant
operator consciously with the wide and large potential in mind. 'In order
to gain this potential - it is equivalent in the order of size to the
process steam and power supply - for the HTRM, the HTRM must be offered to
meet the requirements of the customer with flexible operating parameters

smaller reactor sizes
variable helium inlet and outlet temperatures and
as reasonably priced as possible.
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The processes to be combined with the HTRM must, of course, be adjusted to
the HRTM in regard to their operating parameters.

In the second study supported by BMFT, begun in autumn 1988, the optimum
concept both for combining the refinery and combining aluminium oxide
production with the HTRM is being prepared by Lurgi in cooperation with
Interatom. This work shall have progressed so far by the beginning of
1990 at the latest that serious discussion can be held with potential
customers.

Processes Investigated

Table 1 shows processes Lurgi considers suitable for combining with the
HTRM and their assessment.

• Heavy Oil Production

• Refinery

• Oil Sand -
Retorting

• Oil Shale-

• Seawater Desalination

• Aluminium Oxide Production

• Hydrogen

• Methanol Production

• Ammonia Production

• Petrochemical

• Cement

• Iron Ore Sintering

• Iron Ore Pelletizing

• Coal Gasification

• Coarse Ceramics

Tab. 1 Processes Examined for Combination with HTRM
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The potential processes are summarized in the topmost group in this table.
After the concept is laid down they only demand layout checks and in re-
gard to economics some have already a market today.

The middle group require either considerable development or currently
there is no market for them.

Both reasons apply to the bottom group.

The topmost four processes are mineral oil technological processes. In
mineral oil technology temperatures in the range of 600 - 700 °C are re-
quired, i.e. only conventional engineering technology is necessary, if hy-
drogen production is neglected. At the most 10 - 15 % of the energy re-
quirement of such a plant is required for this purpose and byproducts not
suitable for use elsewhere can be applied as energy source here.

In the case of sea-water desalination the temperatures are still lower.

Aluminium oxide production does indeed require process temperatures of
950°C - 1000 °C but the process heat requirement exceeding 800 °C is only
about 2% of the energy demand of the overall plant so that it has little
influence on the economics of the plant if this residual process heat is
supplied by the HTRM, e.g. through power generation. The combination of
the HTRM with an aluminium oxide plant is, however, especially interesting
as the world's aluminium industry is currently extending its capacities.

The reformer and the steam generator are developed for supplying heat to
the hydrogen generation facility in methanol and ammonia plants. Some of
the plants installed in the Western world have, however, been shutdown.
Therefore, application for the HTRM will be possibly only in countries
with greatly expanding economies when new plants are built.

There are a large number of plants in the petrochemical industry and,
therefore, revamping is to be expected but here considerably development
work must be done to be able to combine the HTRM with petrochemical
plants.

The bottommost group involves processes whose highest process temperatures
are about 1000 °C. Only 60 - 80 % of the required energy can be supply by
the HTRM. In their case some of the heat is transferred in a temperature
range which cannot be utilized without trouble with the materials avail-
able on the market. Extensive development work is, therefore, required.

Combining the HTRM with Process Plants

The problems still to be solved in regard to combining the HTRM with pro-
cess plants will now be illustrated with the refinery and the aluminium
oxide production, two processes viewed as being close to the market:
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Fig. 1 Process Heat Supply of a Refinery with HTRM

The refinery (see Fig. 1) comprises a large number of individual plants
combined with one another.

The majority of these plants require heat generated today by combusting
byproducts, some of which are suitable for further processing. The trend
is towards residue-free refineries. Therefore, in future these byproducts
will be further processed and must be replaced by other sources of energy.

The throughput of a refinery is about 6 - 7 million tons of crude oil per
year requiring a thermal rating of about 400 MW. These quantities of
process heat must be transmitted using an intermediate heat transfer loop.
It is more economical to built, maintain and repair the large number of
heat exchangers conventionally and not to nuclear specifications.

The HTRM and the necessary He/He intermediate heat exchangers and valves
required to effect this combination - the requisite HTRM helium outlet tem-
perature is 750 °C •-. were developed during the Project Nuclear Process
Heat. In addition only heat exchangers to transfer the heat from the
secondary helium to the process medium are required.

Fig. 2 shows the first draft of a heliumheated crude oil heater. It is a
steel vessel insulated on the inside. The hot helium enters at the
bottom, flows through a tube bundle filled with crude oil and leaves the
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Fig. 2 Crude Oil Heater

steel vessel at the bottom in the center. It is to be observed that the
media to be heated are heated extremely gently. A simple component which
must only be laid out and tested. It is considerably smaller than
conventional fired heaters and permits more uniform heating of the process
medium than they do. :

Aluminium oxide production from bauxite requires three stages {see. Fig.
3). In the first the aluminium hydroxide is leached from the bauxite by
caustic soda solution. For this purpose hot, liquid salt heats the
caustic soda solution to 250 °Crequiring a helium liquid salt heater. In
the second stage the aluminium hydroxide is separated from the caustic
soda solution. Process steam is required here, which is produced in a
steam generator and at the same time used to cover the plant power demand.

The third stage, calcinating the aluminium hydroxide to aluminium oxide,
is carried out in a fluid bed heater. All the heat exchangers required
for this HTRM combination are operated conventionally and must only be
converted for heating with secondary helium.;•; :
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250 °C Liquid Salt

260 °C

Fig. 3 Aluminium Oxide Production

The concept of the fluid bed heater is shown in Fig. 4. Aluminium hydr-
oxide enters at 200 °C on the left and leaves on the right as aluminium
oxide at 950 - 1000 °C. The aluminium oxide is brought up to 950 - 1000
°C with electric heating in the last fluid bed heater chamber. The helium
enters the fluid bed at 850 °C and leaves it at 680 °C.

Air + Steam
460 °C

Al <OH)3
200 "C

4 500

Air
700 °C

Helium heated

A
Electrically heated

Fig. 4 Fluid Bed Heater
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In the main liquid or gaseous hydrocarbons are to be heated gently in the
refinery. That also applies to the overall mineral oil technology so. that
the development of the combination of refinery with HTRM in principle
covers the requirements for mineral oil technology.

Similar applies to aluminium oxide production in regard to transferring
heat to fine-particle solids.

Economics

The question in regard to the possible applications of the HTRM is: Can
the combination of HTRM and process plant be operated economically?

(2 x 200 MW, Refinery)

(2x170MW,AI2O3)

16

/

(2x

17C

18

170 + SL,

IMW + SI

/ 20

AI2O3

., AI,0

Years of
Operation

-10%)

3)

Fig. 5 Accumulated Cost Difference:
2 HTRM - Heavy Heating Oil (240 DM/t)
Inflation Rate: 3%/a, Heavy Oil 5%/a

Fig. 5 shows the estimate of the accumulated cost differences for process
heat and energy supplied by two HTRMs and by the combustion of fuel oil.
At today's fuel oil prices and an inflation rate of 2 % higher for the
fuel oil as the general rate the HTRM would be more favourable in'regard
to cost than the fuel oil after approximately 14 years of operation.

The bottom curve of this cost difference estimate shows the combination of
two 170 MW HTRMs with the aluminium oxide plant. The 950 °C helium outlet
temperature generated by the HTRM are not necessary for this purpose. A
higher HTRM output and, thus, at the same time the cost reduction due to
higher quality material not being required, should permit a considerable
cost reduction.
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The second curve from the bottom shows the cost difference at 10 % lower
capital cost for the HTRM. A higher reduction ought certainly to be
possible for the above example but does, however, pressume that the HTRM
industry offers the HTRM with more flexible operating parameters.

The third curve from the bottom compares fuel oil with two HTRMs without
intermediate circulation system. The curve does, however, not take into
account possible reactor-building-like capsuling of the process plant
components, which would be the primary loop components in this plant
concept.

For processes having their greatest heat requirement in the upper
temperature range of the HTRM the intermediate heat transfer system must,
however, be dropped which is only possible if the helium is extremely pure
in every operating condition. The prerequisites for this is improved
retention of fission products in the fuel element and sufficient capacity
in the helium cleaning system.

The topmost curve shows the cost comparison for HTRMs with 200 MW output
as required for refineries. This combination is better in regard to cost
due to the specific higher reactor power density despite a secondary heat
transfer system.

Further considerable savings ought certainly to be possible due to process
adaption and more flexibility in the HTRM operating data.

A lack of infrastructure or a stronger oil price increase can shift these
curves in favour of the HTRM.

The question above is thus answered in the affirmative.

Justification of the Development

The development of combining the HTRM with process plants is only
worthwhile, if the possible demand promises a larger market. A very rough
assessment of the HTRM market potential was carried out for this reasons
(see Tab. 2). For this purpose the energy requirement of the installed
capacities of the processes examined by Lurgi were devided in each case by
the output of the suitable HTRM (170 or 200 MW). This shows that the
installed heat requirement is equivalent to a capacity of about 2000
HTRMs.

Even only 1 or 2 % of this - due to replacement - is a good HTRM market
which justifies pushing the necessary development work ahead. This even
applies when one disregards the currently less attractive processes in the
bottom third of this table, since particular large numbers are attainable
for retorting oil shale, sea-water desaltination and coal gasification.
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Heavy Oil Production

Refinery

Oil Sand - Retorting

Oil Shale - Retorting

Sea-Water
Desalination

Aluminium Oxide
Production

Petrochemicals

Methanol Production

Ammonia Production

Iron Ore Sintering

Iron Ore Pelletizing

Coal Gasification

Cement

() with respect to known reserves
I] planed

World-
Production

(Mio-tons/a)

25

3000

42

41 [14]

46

25

100

400

350

1000

HTRM-
Potential

40 (1514)

850

40

104 [36]

266

50

270

80

47

450

2 2233

1 % = 22

Tab. 2 Estimated HTRM Potential

Requirements on the HTRM

As shown, the potential market in process heat for the HTRM is of
considerable size. To ensure that the HTRM obtains a percentage of this
appropriate to its technical possibilities, its operating and design para-
meters must be more flexible, i.e. meet the requirements of a customer
spectrum, as large as possible.

The average plant complex examined by Lurgi has a process heat and energy
requirements of about 400 WM-th. In general it will not be shutdown, par-
tial or completely, if at all, for a general overhaul or due to the
failure of components. - The operators of some refineries informed us
that their plants have been in operation for 30 years without inter-
ruption. - These are conditions presuming a constant but flexible process
heat and energy supply.

400 MW-th output can be generated with two HTRMs. If, however, one of
these HTRM must be shutdown, half the process plant, when not all, must be
taken out of operation. An undesirable situation and the operator must be
protected from the financial losses caused by production loss. This is
only to be counteracted by several HTRMs with lower output.

Therefore, the HTRM ought to be offered with appropriate capacities below
100 MW-th in addition to the usual one of 170 and 200 MW-th.
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In regard to the average plant this means:

The plant would be equipped with 5 HTRM and an additional HTRM or
fossil-fired heater as standby.

Each HTRM could thus be maintained or repaired indepently without
influencing process plant operation.

The HTRMs could be selected in such a way that they more effectively
cover the necessary energy demand over the temperature range of the
process.

Rough cost estimates have shown that smaller HTRMs can be up to about 20%
specifically more expensive at constantly ensured as well as effective
process heat and energy supply.

Heat is f.i. only required in the range 900 °C to 700 °C for generating
hydrogen for pure hydrogen or for manufacturing ammonia and methanol. The
remaining heat can only be used for generating power when the HTRM cannot
also supply another plant. This is an economic disadvantage when power
cannot be sold due to the lack of an infrastructure. At a higher HTRM
helium inlet temperature more heat could be supplied to the reformer.
Similar also applies to coal gasification, sintering and pelletizing iron
ore.

In the case of aluminium oxide production a low helium outlet temperature,
e.g. 850 °C would lead to lower material costs and higher reactor output
and, thus, compensate the extra costs for the intermediate heat transfer
loop.

Summary

To summarize it can be said: The HTRM can technically be combined immedi-
ately with some process plants. Combination with these plants requires no
development but only testing layout data.

The HTRM can supply process plant with process heat and energy with high
probability at better cost than heavy fuel oil. For example, in the case
of aluminium oxide production as in the case of the majority of other
processes the discharge of flue gases is eliminated completely and in
refineries too insofar as the residues can be further processed.

There is a market for various HTRM process plant combinations.

Other factors such as polution control, saving of resources and lack of
infrastructure favour the introduction.

To utilize these HTRM advantages the more easily realizable HTRM
combinations ought to be prepared, more complicate ones can follow and
profit from the simpler ones. However, for this purpose it is necessary
that the HTRM industry offer the HTRM with flexible operating parameters.

The HTR can contribute considerably to the reduction of CO2 problem.
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As opposed to these there are

acceptance by the public

and

in part hesitation of process plant operators in regard
to other technologies.

Despite this the prospects for the application of this type of nuclear energy
are favourable enough due to the high potential as well as the possible compet-
itiveness to push ahead, especially in regard to the more easily introduced com-
binations. All that is missing are prepared concepts to discuss with potential
customers.
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