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Abstract - Waste heat recovered from the exhaust was 

used to preheat boiler makeup water resulting in a 

reduction in the consumption of steam required to heat 

the boiler feed water and a reduction in greenhouse gas 

and other  emission. It is designed that the Heat 

Recovery System from the smelt dissolving tank vent in 

the recovery boiler using spray condenser and heat 

exchanger. Due to the developing innovation, the 

proposed system  specifies some new ideas and design in 

order to survive in this world. Due to the recent 

advances this system has been introduced.With an 

average heat recovery rate of 12 GJ/h, the project 

delivers significant energy cost savings as well as the 

added benefit of an 85% reduction produced by the 

smelt dissolving tank vent exhaust. 
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I. INTRODUCTION 

In 1958 the Thurso Pulp and Paper Company opened a 

200 ton per day pulp mill in Thurso, Quebec. Now 

owned by Fraser Papers Ltd., the mill produces 700 

tons per day of bleached hardwood Kraft pulp. 

The mill has undertaken a number of measures to 

reduce their dependency on fossil fuel including the 

implementation of the smelt dissolving tank heat 

recovery project that is the subject of this paper. 

The project was implemented on a turn-key basis by 

TEI and was completed on budget and on schedule 

with the system going into commercial operation in 

April 2008. 

The mill has undertaken a number of measures to 

reduce their dependency on fossil fuel including the 

implementation of the smelt dissolving tank heat 

recovery project that is the subject of this paper. 

 

LITERATURE REVIEW: 

Richard R. Lunk and John D. Cunic has invested 

about the removal of 〖so〗_2 from the exhaust gases. 

According to that the emission of 〖so〗_2 in the 

exhaust vent can be controlled by adapting Flue Gas 

Desulphurization technique on the exhaust vent. In 

this method the Flue gas which comes out from the 

exhaust is sent through the port which is the bottom of 

the chamber. Limewater is used as a scrubbing reagent 

which will be sprayed through the nozzle and there by 

absorbs the supplied〖so〗_2. At the end of this, 

clean gas comes out through the outlet of the 

chamber.By adapting this technique 90% of the 

〖so〗_2 gases will be removed.  

Prateek Verma has discussed about the 

condensing system in Automatic spray 

condensing system. He has given the clear 

information about the spray condenser which is 

widely used in refrigeration system for the 

purpose of condensing. According to that the 

steam is sent to the inlet port of the condenser 

and the water is sprayed through the nozzle and 

there by absorbing some amount of heat from the 

steam and consideration amount of water vapour 

will be released through the exhaust port.  

G.F.Hewitt , G.L. Shires and T. Bott has 

investigated about the shell and tube exchanger 

in fundamental of heat and mass transfer. It is 

working under heat the principle of heat transfer 

between the hot fluid and cold fluid. Mostly the 

hot water contains some contaminants hence we 

won’t use it directly and that’s why cold fluid 

will be used in heat exchanger which just 

absorbs the heat from the hot fluid and thereby 

reducing the contamination. 

Williams D.B.G., shires and T. Bott has 

investigated about the shell and tube heat 

exchanger in fundamental of heat and mass 

transfer. It is working under heat the principle of 

heat transfer between the hot fluid and cold fluid. 

Mostly the hot water contains some 

contaminants hence we won’t use it directly and 

that’s why cold fluid will be used in heat 

exchanger which just absorbs the heat from the 

hot fluid and reducing the contaminants. 

Williams D.B.G., and Lawton .M has 

investigated in drying of organic solvents about 

the desiccant wheel. The main function of the 

wheel is to absorb the heat and the moisture 

content by absorbing material such as silica gel. 

The desiccant wheel contains of the porous in the 

surface. When the gas passed through the wheel 

the heat as well as moisture will be absorbed. 

 

PROJECT DESCRIPTION 
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The mill has undertaken a number of measures to 

reduce their dependency on fossil fuel including 

the implementation of the smelt dissolving tank 

heat recovery project that is the subject of this 

paper. 

 

 

 

 

HEAT SOURCE 

The heat source for the heat recovery project was the 

smelt dissolving tank vent gas from one of the mill’s 

two recovery boilers. 

In the chemical recovery process, molten smelt 

formed in the recovery boiler is fed to a dissolving 

tank where the smelt is dissolved in weak wash to 

form green liquor.  Before mixing with the weak wash, 

the smelt stream is broken into droplets with steam 

shatter jets.   

The high temperature of the smelt as it comes into 

contact with the weak wash releases a large amount of 

heat in the form of water vapor.  This hot vapor and 

the steam injected through the shatter jets are 

exhausted through the smelt dissolving tank vent. 

Typically, the smelt dissolving tank exhaust is passed 

through a wet scrubber to reduce the emission of 

particulate composed mostly of sodium compounds 

entrained in the exhaust.  The exhaust leaving the 

scrubber is saturated with water vapor and cooled to 

 

Despite the relatively low temperature and flow 

(approximately 7000 Nm3/h in this case), the exhaust 

carries a considerable amount of energy out the stack.  

The amount of energy recoverable is a function of the 

temperature to which the exhaust is cooled 

 As the saturated exhaust is cooled, water vapor is 

condensed releasing its latent heat of vaporization of 

roughly 2260 kJ/kg.   

Unlike sensible heat recovery, more heat is recovered 

in the first degree of cooling than from the next, and 

so on.  Cooling a saturated exhaust from 80ᵒC (T1) to 

just 6OᵒC (T2) will recover approximately 1.25 GJ per 

1000 Nm3 of dry gas. 

Heat Sink 

Any heat user below 60ᵒC could be considered for a 

smelt dissolving tank heat recovery application.  

These include: 

Process makeup water 

 Boiler makeup water 

 White water circuit 

 Building / machine makeup air 

 Boiler combustion air. 

In this case, boiler makeup water was chosen for its 

relatively low seasonal temperature profile of 35ᵒC to 

55ᵒC.  Also, the average flow of over 2000 L/min was 

sufficient to use all of the heat recoverable from the 

smelt dissolving tank vent.The boiler makeup water 

was heated through a secondary plate and frame heat 

exchanger 

 

PROCESS DESCRIPTION 

 The black liquor contains organic components as a 

result of the pulping process and inorganic compounds 

such as sulphur and sodium which is used in the 

cooking process. In the recovery boiler the organics 

are combustion and the sulphur converted to sodium 

sulphide. The remaining sodium is converted to 

carbonate which in the subsequent causticizing 

process is converted to hydroxide to produce cooking 

liquor which consists of sulphur, sulphide and sodium 

hydroxide. The release heat is used to support the 

chemical process of the inorganic which is 

endothermic (consumes heat) and to produce high-

pressure steam. The recovery boiler3 in the TNPL can 

handle as much as 195.5tts/hr. 

 
 

FIG 1: PROCESS OF HEAT RECOVERY 

SYSTEM 

WORKING 

 Heavy black liquor at a 65-75% dry solid 

content is sprayed into the lower part of the 

furnace and from primary air. The smelt falls to 

the furnace bottom from where it flows through 

openings connection to smelt spouts into the 

dissolving tank. The distribution of smelt into the 

green liquor in the tank is enhancement by steam 

supplied through nozzle located underneath the 

smelt spouts. A separate smelt spout cooling 

system cools the spouts. This system is 

supported by an emergency water tank in the 

case of a failure. The green liquor produces in 

the dissolving tank is pumped to the causticizing 

plant and the level in the tank is kept by adding 

weak wash from the caustic zing plant. Because 

of the fumes in the dissolving tank it is ventilated 

separately to the atmosphere through a scrubber. 

The combustible gas product in the lower part of 

the furnace travels upwards and the final 

combustion takes place by addition of secondary 

and tertiary air.  

During this process the remaining heat is 

released and the maximum temperature in the 

furnace occurs slightly above the secondary air 

ports. The gas leaving the furnace passes through 

super – heater; boiler – bank and the economizer 

were the temperature is decreased to, 180-200°C. 
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Finally, the fly ash is removed electrostatic 

precipitation before the combustion exhaust to 

the atmosphere by an induced draft fan. Carry- 

over from the furnace causes deposits in the 

super heater, the boiler – bank and economizer to 

keep the heating surface clean. Some boiler also 

equipped with maintain steam production in the 

events a shortage of black liquor. 

 

CONCLUSION 

Thus the heat is successful recovered using 

the spray condenser and heat exchanger. And the 

pollutants like SO are removed with the help of 

flue gas desulphurization process. Hence the 

large amount of water vapour is condensed 

which can be used for other purpose. Finally the 

amount of heat recovered is 18MJ/hr and the 

mass of water recovered by using the spray 

condenser and the heat exchanger is 7650lit/hr. 
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