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Abstract 

 

This paper presents the typical problems identified during a visual boiler inspection, followed 

by a discussion of the causes as well as the influence on boiler performance and reliability. 

All major boiler components will be discussed along with the typical problems associated 

with each one. Examples from industry will be discussed: stoker problems, overheating of 

superheaters, erosion of multipass main banks, and so forth. 
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Introduction 
 

A complete boiler visual inspection is normally performed at the beginning of the off-crop 

and serves to identify all the visual problems/defects of the boiler that have to be addressed 

before the plant is started up again. A thorough visual inspection could result in improved 

reliability, efficiency and safety. 

 

Preparation 
 

Before commencing with the inspection the inspector has to be equipped with the correct 

tools and he/she should know what to look out for. A good starting point is to review the 

previous inspection report(s) to determine whether the issues raised have been addressed and 

if there are any recurring issues. It is also recommended that the operators be interviewed, as 

they are the most likely to know of any issues with the plant. The inspector should also 

review all the available drawings if he/she is not familiar with the plant. 

 

The inspector should review boiler trends and compare these against the boiler design data in 

the operating and maintenance (O&M) manual. Deviations in the operating parameters can 

indicate possible problems which should then be focused on during the inspection. For 

instance, higher gas temperatures and/or lower steam temperatures can be a result of fouling 

or internal scaling. Increased pressure drop can also be attributed to air ingress or blockages.  

 

The inspector should ensure that all the safety procedures have been followed before entering 

the boiler. This includes the required inductions, PPE and lock-out permits. 

 

Fuel feeders 
 

Due to the characteristics of bagasse, it tends to compress and stick together, and a well-

designed feeder has to control the fuel feed and prepare the fuel for spreading. The feeders 

have to first meter the bagasse and then break it up before it can be spread pneumatically. 

Therefore feeder issues can cause poor fuel distribution and ultimately combustion problems.  
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Things to look out for: 

 

 Check the transmission oil in all drive units to ensure that the oil is of the correct grade and 

at the recommended level as specified by the suppliers: see O&M manual for the lubrication 

specification. 

 Check that all holding down bolts are fastened on the spreaders, feeders and drive units. 

Ensure that all bolts on the bagasse chutes are fastened. 

 Open all the inspection hatches of the feeder and check that the unit is free of any foreign 

materials. This is of great importance because tools might have been forgotten inside the 

chutes during the off-crop. 

 All the sprockets must be aligned and the locking bushes tightened. Poor alignment will 

result in accelerated wear and can result in the chain jumping off the sprockets. 

 Check the chain tension by measuring the vertical movement of the chain between the 

sprockets (8-12 mm). 

 Check all the major components against the drawings to confirm that they are in the correct 

position and that the correct equipment has been installed. 

 The guards must be in place and secured. 

 Close all inspection covers. 

 The bagasse chute also needs to be inspected; check that there are no blockages. It is 

possible that something might have fallen into the chute during construction or the off-

crop that could block it or cause serious damage to the feeders.  

 Inspect the inside of the chutes for any rough surfaces or deposits on the sides of the 

chute that could hamper the movement of bagasse. 

 The level switches need to be checked. 

 The responsibility for checking the conveyor system normally falls under that of the mill; 

however, it needs to be confirmed that it was indeed inspected and found to be working as 

intended.  

 If the feed system makes use of bagasse ploughs they also need to be checked.  

 Confirm that the feeder teeth are in good condition and of the correct design. Worn or 

modified teeth have a direct bearing on the feeder performance (Figure 1). 

 

 

Figure 1. Typical wear on a feeder drum. 

 

 Depending on the type of boiler support, there will be an expansion joint in the bagasse 

chute. Any holes in the chute will result in air ingress which will ultimately result in 

reduced boiler efficiency. 

Kotze C Proc S Afr Sug Technol Ass (2015) 88: 111 - 129

112



 

The coal feed is handled by a screw conveyor. In dual fuel boilers with pneumatic spreading, 

the discharge from the screw conveyor ties into the bottom of the biomass feeder just below 

the feeder drum. From there on the fuel will be spread into the boiler by means of a common 

spreader system. 

 

Things to look out for: 
 

 Check the clearance between the screw and the housing to ensure that there is no 

interference. 

 Check the condition of the flights of the screw. The condition of the screw has a direct 

bearing on the performance. 

 Inspect bearings and lubricate it if necessary.  

 Confirm state of drive sprockets. 

 Check chain tension. 

 Check alignment of the sprockets. 

 Confirm oil level in gearbox and top up if required. 

 

Spreaders 

 

Bagasse is spread pneumatically or dumped into the furnace in the case of pile burning. Coal 

is spread pneumatically or by means of a mechanical flinger. The same pneumatic system is 

used for both fuels and will therefore be discussed under a common heading. 

 

Problems with the spreaders will result in poor fuel distribution which in turn can result in 

overheating of the grate and piling, and live/unburned fuel being discharged from the grate.  

 

Things to look out for: 
 

 Check spreader deflector plates for overheating, distortion or erosion and replace where 

necessary. Due to the higher temperature it is exposed to, the deflector plate has to be 

made from heat resistant material. However, this is quite expensive and therefore it is 

common for the mill personnel to replace these plates with lower grade material that 

cannot withstand the high temperature. 

 The deflector plate adjustment arm must be tested to see whether it is free to move the 

deflector plate. Ensure that the refractory does not interfere with the movement of the 

plate.  

 Ensure that the air slot is correct and even throughout its width. The slot must be high. If 

the plate obstructs the slot it will prevent the spreader air from blowing the fuel into the 

furnace. 

 Deflector plates must be horizontal or at a slight upwards angle. If the angle is too high 

the air will hit the plate and will not spread the fuel into the furnace, and the deflector will 

also tend to add resistance against the flow of bagasse. This could lead to chokes in the 

lower bagasse chute. However, if the deflector should be angled too far downwards, the 

fuel will fall to the front of the grate. 

 Ensure that the protection plates on either side of the spreader mouth are in position. 

These plates protect the refractory from erosion (Figure 2). If they are not in position the 

refractory will erode away, leaving the spreaders open to radiation. 

 Confirm that the refractory does not interfere with movement of the spreader plate and 

correct if required. 

 See boiler O&M manual for spreader air pressure. 
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 Check that the chevron plates on the deflectors are still intact. The chevron plates on the 

spreaders adjacent to the side walls must be offset to push the bagasse away from the 

furnace walls towards the centre. 

 

 

Figure 2. Erosion on sides of spreader opening. 

 

 

Most of the mechanical coal flingers have been replaced with pneumatic spreaders due to its 

complicated setup and relatively high maintenance when compared to pneumatic spreaders. 

However there are still a few installed in the South African sugar industry (Figure 3).  

 

 

 
 

Figure 3. Mechanical coal flinger. 

 

Things to look out for:  

 

 The flinger is a wear item due to continuous impact with the coal. Wear will result in 

reduced performance and it should therefore be analysed during the inspection. 

 The blades have to be made from hardened wear resistant material. 

 The angle of the blades relative to the shaft is critical since it has a direct influence on the 

fuel distribution. 

 In order to prevent wall impingement, coal hitting the side wall and thereby causing 

erosion of the tubing, the flingers on the sides have angled blades relative to the centre 
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line of the drum on the side of the furnace wall. The flinger shown will be fitted to the 

RHS of the boiler. 

 The speed of the flinger will determine the distance the coal is spread. 

 The position of the apron plate (a deflector plate located above the flinger) relative to the 

flinger determines where the coal will hit the flinger, which ultimately determines the 

trajectory of the coal. 

 

 

Grates 

 

There are three types of grates used in the African sugar industry, CAD (continuous ash 

discharge), dump grates and pin hole grates. 

 

Continuous ash discharge (CAD) 

The CAD stoker (Figure 4) is very versatile and can be used for a wide range of solid fuels 

including coal, woodchips and bagasse. The grate surface of a CAD stoker consists of 

castings that are joined by chains. The grate bars are linked to the chain to form a moving 

grate surface that continuously discharges ash.  

 

Under grate zoning, dampers are installed on boilers where high coal combustion efficiency 

is required and when coal is fired for prolonged periods. The zoning dampers are used to 

distribute most of the combustion air to the rear of the grate. The dampers are progressively 

closed towards the front. 

 

 

 

Figure 4: Continuous ash discharge (CAD) stoker arrangement. 

 

A CAD stoker can be deceptively complicated, and failing to do a detailed inspection can 

result in catastrophic failure of the grate. 
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Things to look out for:  

 

 Wear on the skid bars, dead plates, grate retaining shoes, lower front seal castings and the 

sprockets (Figure 5). These are normal wear items and have to be periodically replaced, 

depending on grate speed and operating conditions. 

 

 

Figure 5. Worn grate bars. 

 

 The grate retaining shoes have to be set up correctly to close the grate bars and to prevent 

them from catching on the lower front seal casting. 

 The catenary will sag if the chain is worn, which can result in it catching on the hopper. 

All the strands should be on the same level at the bottom of the catenary (Figure 6). 

 

 

Figure 6. Sagged catenary. 

 

 The holes in the gate bars have to be of the appropriate size and at the correct spacing to 

ensure good air distribution and cooling of the grate. Reproduction castings often do not 

meet the requirements of the O&M manual, resulting in poor air distribution. The bars 

have to be of the correct material in order to withstand the high operating temperatures, 

especially during coal firing. 
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 The rear floating seals have to ride on the grate surface to prevent coal or ash falling 

behind the rear shaft and to mitigate the ingress of undergrate air around the rear stoker 

shaft. 

 The side floating seals serve to prevent coal or ash from falling in-between the frame and 

the pressure part. They have to be free to move to take up the differential movement 

between the pressure part and the grate for a top and girth supported boiler. The seals 

should not extend too much inward as they can catch on the grate. 

 The grate bars have to be straight otherwise there will be a gap between the bars on the 

mating face. Any gaps between the bars will upset the air distribution and result in 

torching which in turn will reduce the life of the bars. 

 The support frame has to be level and straight, especially the shaft support beams. The 

shafts are supported by multiple bearings. The slightest misalignment will result in 

accelerated wear of the bearings. 

 The shafts have to be straight, bent shafts will result in accelerated bearing wear and can 

even cause the stoker to jam. 

 There are locating collars on the shafts to prevent them from moving sideways. 

 Inspect the stoker drive and its support. The drive is usually connected to the steel work 

or the foundation resulting in differential movement between the drive(s) and the stoker. 

To allow the differential movement there should be a misalignment coupling connecting 

the drive with the shaft. 

 Confirm that the stoker frame guides are in position. The guide allows the frame to 

expand in the correct manner relative to the boiler pressure parts. 

 Any holes in the expansion joint between the stoker frame and the boiler will result in air 

ingress. 

 Look for ash build-up between the stoker frame and the headers. The build-up will restrict 

differential movement between the headers and the stoker and can result in the stoker 

carrying part of the weight of the side walls for a top and girth supported boiler. 

 When zoning dampers are fitted it should be confirmed that they are in the correct 

position and that there is no ash build-up on top of it.  

 The relative expansion of the stoker to the pressure part is guided by a combination of tie 

bars and/or sliding brackets.  
 

Dump grate 

A dump grate is a stationary grate that consists of finger-like castings which are joined by 

shafts to form the grate surface (Figure 7). The shafts have linkages that divide the grate into 

sections that can be dumped independently.  

 

Dump grates are used for suspension firing since it would result in very inefficient 

combustion for fuels that burn on the grate due to unburned fuel being discharged. 

 

 

Figure 7. Dump grate. 
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Things to look out for:  
 

 Inspect the power pack and pistons for any leaks. Spilled oil is a fire hazard which can 

result in severe damage. 

 Check the alignment of the pistons and the linkages. 

 Confirm that the linkages are free to move. 

 The bars have to be adequately spaced. Too many bars will result in insufficient space for 

the air to pass through, while too few bars will result in too much space upsetting the air 

flow. 

 Confirm that the holes in the bars are per original design. Differences in the holes will 

influence the air distribution. 

 The grate surface has to be flat and the bars have to seal properly across the entire grate. 

If the bars do not close properly this will result in poor air distribution and torching to the 

tips of the bars. 

 The shafts have to be straight; bent shafts will prevent the grate from closing tightly, 

resulting in torching. This is a very common problem with dump grates and results in 

significant damage to the bars, ultimately reducing their life expectancy. 

 Check the sluicing system below the grate. The sluice system has to open quickly to 

remove the relatively large amount of unburned fuel that is dumped to prevent a fire 

hazard. A fire will overheat the frame and the shafts and prevent the grate from sealing 

properly. 

 Inspect the frame for overheating. 

 

Pin hole grate 

A pin hole grate is a stationary grate that can only be used with suspension firing. In the case 

of the water cooled pin hole grate, every second rear wall tube is taken to a header in the front 

of the furnace. These tubes are used to support and cool the grate castings that rest on top of 

them. 
 

Steam nozzles in the grate are used to blow the ash off the grate. The steam flow to these 

nozzles is controlled by solenoid valves. When a pin hole grate is retrofitted it is usually air-

cooled. An air-cooled grate is supported by air cooled tubes, with secondary air passing 

through the tubes providing the required cooling. This type of grate has very low 

maintenance, with a very good air distribution (Figure 8). 

 

 

Figure 8. Pin hole grate. 
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Things to look out for:  

 

 Check grate for overheating. 

 Check steam traps of grate cleaning valves. Wet steam will result in erosion of the bars in 

front of the nozzles. 

 

 

Figure 9. Damaged grate bar due to wet steam. 

 

 Inspect grate cleaning valves to ensure that they are in a good working condition. 

 Ensure that the pin-holes are not blocked. Blocked holes will upset the air distribution. 

 Inspect the refractory on the lower front wall. If the blowing pressure of the frontmost 

rows are too high, this will result in erosion of the lower front wall refractory. 

 

Furnace (furnace tubing and headers) 

 

Older boilers have open pitch furnace tubing backed by refractory tiles followed by high and 

low temperature insulation covered by casing on the outside. The refractory of this design is 

maintenance intensive. 

 

The furnace walls of more modern boilers consist of a panel wall with a refractory band cast 

on top of it. It requires very little maintenance; even the refractory is not as critical, since the 

panel wall will protect the casings if there are any cracks or holes in it. 

 

Things to look out for: 

 

 Inspect the furnace and gas passes of the boiler for flow patterns before cleaning the 

boiler. 

 Inspect the refractory for any signs of cracks and erosion. Small cracks are acceptable; 

however, larger ones need to be fixed as these will lead to overheating of the equipment 
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that they needs to protect. Please note that the correct drying-out procedure needs to be 

followed when repairs have been performed. 

 Erosion will be present at the rear wall if the spreader pressure is too high, it will also 

occur at the side of the spreaders if the protection plates are not in position. 

 Check for fouling, slagging and erosion (Figure 10).. 

 

 

 

Figure 10. Slag growth on furnace refractory. 

 

 

 Inspect the tubes for blisters. This is done by putting a flashlight parallel to the tube. The 

blisters will cast shadows along the tube. 

 Check for flame impingement or overheating due to internal scaling or preferential flow. 

Overheating generally results in a tree bark, brittle black or molten metal appearance. 

Flame impingement generally appears near the burner or on the opposing wall. When 

overheating is suspected, it is recommended to conduct a metallurgical inspection to 

confirm the extent of the damage. 

 Carry out tube thickness tests in suspected high wear areas. The surface layer should be 

removed to expose bare metal before doing the test. A flapper wheel should be used to 

prepare the tube surface. 

 Check the squareness of the furnace. 

 Inspect the water wall blocks; these blocks protect the tubing from erosion and form part 

of the sidewall and rearwall sealing arrangements (Figure 11). 
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Figure 11. Damaged water wall blocks, missing  

rear floating seals and worn grate. 

 

 

Superheater 

 

The superheaters used in industry are either horizontal screened or pendant which can be 

screened or unscreened. The horizontal superheaters are drainable while vertical superheaters 

can be drainable or non-drainable. A vertical superheater is either a pendant with the 

manifolds at the top or an inverted pendant with the manifolds at the bottom. A pendant 

superheater element is not drainable, while an inverted pendant is drainable. Condensate will 

collect in the bends of pendant non-drainable superheaters when the boiler is brought down, 

which could result in corrosion of the bends during the off-crop. A non-drainable superheater 

has to be heated up slowly in order to evaporate the water from the bends. 

 

Things to look out for: 

 

 Inspect for bridging. 

 Check for fouling and soot build-up. The risk of fouling increases when trash and tops are 

blended with the bagasse, and obviously when a lot of coal is burnt in the boiler. Soot 

build-up can be removed by soot blowing. Deposits on the outside will reduce heat 

transfer, thereby resulting in a lower steam temperature and increased gas temperature. 

 Check for steam impingement at the level of the soot blower(s). Wet steam, too high 

steam pressure and incorrect location of the sootblower will all result in erosion of the 

tubes. 

 Inspect tubes for signs of over-heating. Non-drainable superheaters are more prone to 

overheating, since operators very often do not follow the correct start-up procedure. 

Overheating can also be the result of internal scale due to carry-over or incorrect chemical 

dosing. Perform a metallurgical inspection to confirm the extent of the damage when 

overheating is suspected (Figure 12).  
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Figure 12. Tube plugged due to sugar contamination and carry-over. 

 

 Look out for erosion. In single pass boilers, erosion is rare in superheaters as the gas 

velocity is generally low, while in some two and three pass boilers the gas flow pattern 

into the superheater does sometimes cause preferential erosion on some of the elements. 

Perform thickness testing if there are signs of erosion. 

 Confirm that the support(s) are in position and that the tubes are equally spaced. 

 

Mainbank 
 

Single pass mainbanks require less maintenance than two and three pass mainbanks. Two and 

three pass mainbanks normally suffer from higher erosion rates in the areas where the gas 

turns. 
 

Things to look out for: 
 

 Check for erosion, generally most severe near the tips of the baffles and at the inlet to a 

gas pass. Older boilers usually have a two or three pass mainbank. However, more 

modern boilers have a single pass mainbank which has significantly lower erosion rate. 

 Check for sand build-up on the mud drum. 

 Check the integrity of the baffles. Holes in the baffles will lead to short circuiting of the 

gas and as a result will lower the performance of the mainbank, as well as lead to erosion 

of the adjacent tubes. 

 Inspect for build-up and corrosion. Soot build-up is generally not present on bagasse fired 

boilers, but can be severe on oil and coal fired units (Figure 13). 
 

 

Figure 13. Soot build-up on coal fired boiler. 
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 Inspect the tubes at the sootblower level for steam impingement. 

 Confirm that the boiler bank hoppers are correctly installed. Incorrect installation can 

result in blockages which in turn will prevent ash drop-out, thereby increasing erosion of 

downstream equipment. 

 Periodic thickness testing, usually iris testing, is normally performed on the entire 

mainbank to confirm its condition. The results of the test should be studied since they can 

indicate flow patterns in the mainbank. Shrouds can be fitted in high wear areas to protect 

the tubes. 

 

Airheater 

 

Things to look out for: 

 

 Check for erosion. The design of the ducting and hoppers may result in uneven gas 

distribution resulting in localised erosion on the gas side. Erosion is highest at the inlet 

just below the tube plate (Figure 14). Any holes in the airheater tubes will result in FD air 

short circuiting into the gas stream, increasing the load on the ID fan and starving the 

furnace of combustion air. Sufficient bypassing will restrict boiler capacity. 

 

 

Figure 14. Corroded airheater tube. 

 

 Look out for corrosion, especially on the cold side of the airheater, just above the bottom 

tube plate. During low load conditions the metal temperature can drop below the dew 

point, resulting in accelerated erosion. 
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 Confirm tubes are expanded into top and bottom tube plates; some contractors take a 

short cut by not expanding the tubes. Failing to expand the tubes will result in FD air 

short circuiting into the gas stream. The latter will result in insufficient air supply to the 

furnace.  

 Look out for blockages (Figure 15). The tube rows closest to the boiler are usually more 

prone to blockages due to poor gas distribution. Blockages will result in reduced air 

heater performance and increased velocity, and consequently accelerated erosion in the 

remaining tubes. 

 

 

Figure 15 Blocked tubes. 

 

 Inspect the airheater expansion joint around the top tube plate. Most airheaters have a 

floating top tube plate, meaning the top plate is free to move to accommodate the 

differential expansion between the tubes and the frame/casings. 

 

 

Economiser 

 

Things to look out for: 

 

 Check for erosion, the design of the ducting and hoppers may result in uneven gas 

distribution resulting in localised erosion. For instance if the economiser is located very 

close to the airheater it will suffer from accelerated erosion.  

 Look out for corrosion, especially if it’s a coal fired boiler and more importantly if the 

feedwater heater has been bypassed. 

 Often blockages on the gas side of the economiser are an indication of a tube leak. 

 Look out for soot bluid-up on the tubes. The build-up is the result of insufficient 

sootblowing and will result in a reduction in heat transfer and boiler efficiency. 

 

 

Grit collector 

 

A grit collector serves to remove the coarse particles from the flue gas, thereby reducing 

emissions and erosion of the downstream equipment. 
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Things to look out for: 

 

Look for erosion, gas clean-up equipment generally operates at high gas velocities resulting 

in erosion. 

 

Figure 16. Eroded grit collector cell. 

 

 

 Search for wear patterns, ideally the gas should be equally distributed to ensure optimum 

performance. 

 Look out for signs of overheating and ash build-up. Problems with the sluice system will 

result in blockages which can result in fires which in turn will cause overheating.  

 

 

Scrubber 

 

A wet scrubber uses water to wet the particles before removing it. Wetting the particles 

makes it heavier and allows conglomeration of the smaller particles, making it easier to 

remove. 

 

Things to look out for: 

 

 Check for erosion, especially near the throat damper since it’s a high velocity zone. The 

inside is usually covered with refractory to protect the metal shell from erosion. 

 Inspect the nozzles. Blocked and eroded nozzles will result on poor water spray reducing 

the effectiveness of the scrubber. 

 Confirm that the outlet vortex breaker is in position and intact. The vortex breaker 

prevents a vortex forming at the outlet. A vortex can result in excessive pressure drop 

over the scrubber, and can also increase water carry-over. 

 Most wet scrubbers have an anti-creep skirt at the outlet to prevent water from creeping 

up the sides of the unit and into the ducting. 

 Confirm that enough water is supplied to the scrubber. Failing to supply enough or dirty 

water will result in poor scrubber performance and blockages. 
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ID fan 
 

Things to look out for: 
 

 Compare the fan design and dimensions against the original drawings. It is common in 

the sugar industry to repair and to modify the impellor, which can result in reduced 

performance. A fan is a piece of rotating equipment and can result in significant damage 

or injury when failing during operation. 

 Inspect the gap between the impeller and the inlet cone. The gap should be even and per 

the original design since a large gap will result in reduced fan performance. Insufficient 

clearance on a hot fan could also lead to interference due to differential thermal 

expansion. 

 Inspect the gap between the back plate of the impeller and the fan scroll. Excessive 

clearance in this area could lead to recirculation of flue gas around the impeller that will 

cause loss of fan capacity. 

 Inspect the control dampers and confirm that the fan is free to rotate as intended. Confirm 

the direction of opening, as inlet dampers often induce a pre-swirl into the impeller that 

could improve the fan efficiency if in the right direction. 

 Check for erosion; the erosion rate of the impellor as well as the high velocity areas in fan 

housing and scroll are influenced by the efficiency of the gas clean-up plant. Older boilers 

usually have inefficient or even no gas clean-up plant, resulting in high erosion rates of 

the ID impellor. 

 Look for deposits on the impeller when a wet type scrubber is used. The build-up can 

throw the fan out of balance.  

 Look for signs of hydraulic action/droplet impingement if there has been excessive water 

carry-over into the ID fan. 

 Confirm that the drains are clear and large enough to prevent water accumulating (only 

applicable if the fan is located behind a wet scrubber). Water carrying over from the inlet 

box into the impellor will result in hydraulic wear of the impeller. While a build-up in the 

casing will result in excessive forces on the impeller.  

 Confirm the direction of impeller rotation.  

 

FD and SA fan 
 

Things to look out for: 
 

 Inspect the control dampers and confirm that the fan is free to rotate as intended. 

 Inspect the gap between the impeller and the inlet cone. The gap should be even and per 

the original design, since a large gap will result in reduced fan performance. 

 Confirm the direction of rotation.  

 The fans should be clear of erosion damage and any build-up. 

 

Pumps 
 

Things to look out for: 
 

 Compare the piping to the original design. Modifications to the piping can result in 

increased loading on the pump flanges. 

 Inspect the suction expansion joints. The high temperature of the boiler feedwater can 

result in serious injury when the joint(s) fail.  
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Casings and ducting 
 

Things to look out for: 
 

 The gas ducting should be suitably insulated until the last heat recovery bank to prevent 

heat loss. The same applies to hot air ducting. 

 Look for holes in the ducting. Holes in the gas ducting will allow air ingress, resulting in 

increased ID loading and reduced boiler efficiency. 

 Inspect all expansion joints, confirm that there are no holes and that it is free to move as 

intended. 

 It is common to find hot spots on the furnace casings of older boilers. Overheating is the 

result of cracked furnace tiles, the hot gas passes through the cracks, burning its way 

through the subsequent insulation layers to reach the casings. 

 Ash build-up on top of the roof in the penthouse is the result of cracks in the roof 

refractory or gaps between the superheater tubes and the refractory. Large gaps between 

the tubes and refractory should be plugged with mineral rope; the rope can accommodate 

differential expansion. 
 

Ash removal system 
 

Most boilers in the sugar industry employ a sluice system, i.e. a wet system. However, there 

are a few boilers using a dry ash removal system. Due to the small amount of dry systems in 

operation only the wet system will be discussed. 
 

Things to look out for: 
 

 Inspect the piping and valves. 

 Confirm that enough water is supplied to all sluice points. Ash build-up in a hopper is an 

indication that not enough water is supplied to the hopper concerned. It is common to 

have the sluice ring main at the bottom of the boiler, in which case the valves have to be 

throttled to get water up to hoppers at a higher elevation, usually the mud drum hopper. 

This results in erosion of the valves, and the hoppers at higher elevation are starved when 

the water supply drops. 

 Confirm that the swing seal baskets are free to rotate (Figure 17). 

 Confirm that a water seal can be maintained at all sluice points. See previous section for 

explanation on the effect of air ingress. 

 

 

Figure 17. Swing seal basket kept in open position. 
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Piping 

 

Things to look out for: 

 

 All steam and boiler water piping should be suitably insulated to limit heat loss and for 

personnel protection. 

 All blow down and steam trap lines should be suitably insulated to provide personnel 

protection near walkways and platforms. 

 Confirm that all valves have been installed per original drawings.  

 Valves to be inspected, especially control and blow down valves. Confirm that the valves 

are installed in the correct flow direction. 

 Compare the pipe routing to the drawings. Modifications will influence the pipe 

expansion and influence the loads imposed on valves and flanges.  

 Compare the supports to the drawings and confirm that they are free to allow movement 

in the intended directions. 

 Steam lines should be suitably sloped towards the steam traps to prevent condensate 

build-up.  

 Check that adequate allowance has been made for steam traps in the line, especially 

before vertical bends where condensate can build up and get trapped. 

 

Boiler support and steel work 

 

Things to look out for: 

 

 Look out for any modifications to boiler steel work and supports, this is of special 

importance for older boilers. In some cases access platforms and walkways have been 

suspended from boiler buck stays, imposing loads onto the pressure part and restricting 

movement. 

 The boiler should be free to expand as it is brought up to operating temperature. The type 

of boiler support should be considered; two and three-pass boilers are exclusively bottom 

supported, whereas single pass boilers can be top, bottom or girth supported. 

 The box beams of older boilers are prone to bending. Older boilers have open pitch 

furnace tubing backed by refractory tiles, followed by high and low temperature 

insulation covered by casing on the outside. This design is not as stiff as a panel wall and, 

as explained earlier, can result in overheating of the casings and result in the box beams 

buckling. 

 

Discussion 

 

Air ingress is a very common problem, more importantly in older boilers. Air ingress results 

in a reduction in gas temperature and thus reduces heat transfer. It also results in increased 

gas volume flow, which in turn increases the pressure drop and as a result requires more fan 

power. There are boilers in the industry that can no longer reach their original MCR due to 

the effects of air ingress. In most cases the ID fan runs out of capacity before the boiler 

reaches MCR. 

 

The Figures 18 and 19 illustrate the effects of air ingress over an economiser; however, the 

same trends apply to any heat transfer bank in a boiler.  
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Figure 18. Reduction in heat transfer over a tubular economiser 

relative to excess air (air ingress). 

 

Figure 19. Effect of air ingress on gas inlet temperature, 

outlet temperature and fan absorbed power. 

 

 

Conclusion 
 

At the end of an inspection visit, it is important that the inspector has a meeting with the 

relevant staff on site to give feedback on the problems identified and to discuss the remedial 

actions required. The final step is to document all the findings in a report.  It is important to 

explain the possible cause(s) of the problems in order to avoid it in the future where possible. 
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