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and the condensate of the second and third evaporators is collected to dirty condensate pipelines. The first and
second evaporators are operated under pressure and the third one is by vacuum. The solution of calcium
chloride with a concentration of 19 % goes from the third evaporator to the tank T2, from where it is fed to the
vacuum evaporator VE by the pump P2. The heat transfer area of the vacuum evaporator is 630 m? and it is
heated by the steam from the boiler house. The product of vacuum evaporator is a calcium chloride solution
with a concentration of 35 %. It is collected in the tank T3 and then pumped by P4 to the hydrocyclone HC. The
upper layer from the hydrocyclone is returned to the process and the main product goes to the centrifuge to
separate the calcium chloride solution and sodium chloride. The mass balance of current calcium chloride
production is presented in Figure 2.
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Figure 1. PFD of calcium chloride production. E1-E3 — evaporators; VE — vacuum evaporators; C1-C3 —
separators; K1 — condensate trap; Bc1-Bc2 — barometric condensers; T1-T5 — tanks; B1-B2 — barometric tank;
P1-P6 — pumps; Hel-He2 — heat exchangers; HC — hydrocyclone.
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Figure. 2. Mass balance of current calcium chloride production.

3.2 Analysis of existing process

The plant expertise identified more than 50 streams both process and energy but only 12 of them may be
considered while the heat integration. Other streams remain unchanged as well as equipment associated.
Selected process streams and its process parameters were presented in Table 1. Targeting procedure shows
that the utility requirements for heating and cooling of the current process are 14.7 MW and 10.7 MW. It is well
demonstrated by Composite Curves shown in Figure 3. The minimum temperature approach of the current
process is 12 °C and it is placed on 15t evaporator E1. The Grid Diagram of existing calcium chloride production
built according to Composite Curves shows some bottlenecks. The energy consumption of the existing process
is 19.1 MW and 15.0 MW that is much higher than energy targets. The Grid Diagram (Figure 4) shows that some
basic Pinch principles are violated, this is one of the main reasons of high energy consumption. Besides, the
solution is fed to the 15 evaporator with a temperature of 36 °C that is much lower than the boiling point of the
first stage. Concluding mentioned above, the energy gap of existing calcium chloride production is due to design
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and operation mode reasons. Nevertheless, the retrofit option must avoid process traps and remain the quality
of the product.

Table 1: Stream data of calcium chloride production.

No Stream name Type Ts,°C Tr1,°C CP, kw/°C AH, kW
1 Extra steam of 15t evaporator Hot 127 127 - 3,093
2 Extra steam of 2"d evaporator Hot 104 104 - 4,624
3 Extra steam of 39 evaporator Hot 60 60 - 4,657
4 Extra steam of vacuum evaporator Hot 94 94 - 10,318
5 Clean condensate Hot 104 75 31.98 927

6 Dirty condensate Hot 104 75 12.04 349

7 Row material Cold O 26 48.25 1,254
8.1 Row material + recycle Cold 36 135 60.31 5,923
8.2 1s'stage evaporation Cold 135 135 - 2,321
9 Suspension of salts (CaCl2 35% mass)

10 2" stage evaporation Cold 115 115 - 3,093
11 39 stage evaporation Cold 67 67 - 4,624
12.1 Calcium chloride in vacuum evaporator Cold 67 101 37.98 418
12.2 Vacuum evaporation Cold 101 101 - 10,399
T, °C
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Figure. 3. Composite Curves of calcium chloride production. ATmin = 12 °C; 1 — hot Composite Curves; 2- cold
Composite Curves; Tpin — Pinch temperature.
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Figure. 4. Grid Diagram of existing calcium chloride production. CP — heat capacity flowrate; AH — enthalpy.
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3.3 Retrofit options.

The retrofit options of the calcium chloride production were developed considering the detailed simulation of
heat exchange equipment and changes of mixer position to get the feasibility and economic benefits. The
present case study demonstrates the most appropriate retrofit options that arepresented by the Grid Diagrams
in Figure 5. The proposed retrofit option 1 supposes to use one new heat exchanger He3 to avoid cross-Pinch
by heat exchangers Hel and He2. Besides, the mixing of raw materials and recycle stream is placed before the
heat exchangers Hel and He2 to increase the driving forces in these heat exchangers. It makes possible to
utilise additionally 2.6 MW of the low potential waste heat and to use existing heat exchangers. The inlet
temperature of the 15t evaporator is increased up to 80 °C that improves the operation mode and reduce energy
input from the boiler house. From the other hand, the use of low potential heat of extra steam of vacuum
evaporator reduces the consumption of cooling water and power for pumping. This issue is very important in
terms of water scarcity in Kazakhstan. The second retrofit option can utilize 1.5 MW more waste heat, but the
investment is 3 times higher than option 1 (see Table 2).
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Figure. 5. Grid diagram of retrofitted calcium chloride production. a) — case 1; b) — case 2; He3 — new heat
exchanger; CP — heat capacity flowrate; 4H — enthalpy.

4. Discussion

The proposed retrofit 1 of calcium chloride production saves more than 2.5 MW of waste heat not considering
the power of pumps but it still below the target value (see Table 2). The heat load of new heat exchanger He3
cannot be increased due to driving forces of Hel and He2. If the He3 heat load and heat transfer area are
increasing the efficiency of Hel and He2 will be reduced and 15t evaporator inlet temperature reduced too. So,
such changes would be useless.

Table 2: Energy consumption of calcium chloride production.

Option Hot utility, MW Cold utility, MW Investments, EUR Total saving, EUR/y
Base case 19.1 15.0 - -

Targets 14.7 10.7 not estimated -

Retrofit 1 16.4 12.3 52,197 127,609.72

Retrofit 2 15.0 10.8 184,000 193,777.73

Nevertheless, there is a potential of the 1t evaporator inlet temperature increasing but it presumes to utilise
more energy to heat inlet stream. There are two options, the first one is adding the additional heat transfer area
that requires the additional pumping of P6; the second option supposes enhancing the heat transfer of existing
heat exchangers Hel and He2. Both options need additional investments and detailed research of heat transfer,
hydrodynamic and pressure drops. Another one important point that should be discussed is a safety issue of
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vacuum due to the installation of heat exchanger He3 on the vacuum line. The mechanical part of this work
should be double checked because it may lead to the deterioration of the vacuum at the vacuum evaporator
VE, and, as e result, to reduce the unit capacity and profit. To avoid such risks, it is recommended to use two
heat exchangers in parallel at the position of He3.

There is an additional potential for energy efficiency at the hot stream 12. This stream could be heated between
evaporators to reduce the consumption of steam at vacuum evaporator (Figure 5b). Nevertheless, again it needs
additional investment as the installation of heat exchanger (see Table 2) leads to higher pressure drops in this
line. The additional pump is needed otherwise it impairs the heat transfer in the vacuum evaporator and losses
of the unit capacity. However, the potential of further improvement of current calcium chloride production is
possible as was demonstrated in this case study. The pathways should be additionally analyzed in detail from
the technical and economical point of view to be feasible and more attractive for investors.

5. Conclusions

The results of this work demonstrate the potential of waste heat recovery of the retrofit of calcium chloride
production. It was shown that even such simple process requires the development of local methods and detailed
simulation of process flowsheet to get a feasible and economically viable solution in a systematic way. The
energy saving retrofits of the current process shown by the case study reduce the heat demands by 17 % and
22 % but it is a space for further process improvement as the energy gap was defined as 25 %. The proposed
retrofit may be achieved by the minor process changes and remain unchanged the operation mode of the current
calcium chloride unit. The results of this work may contribute to the environmental situation of the South
Kazakhstan region for energy and water savings and may also be used for retrofitting of other productions with
evaporation stations.
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