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The backbone for any economy is energy, a country cannot develop without constant sup-

ply of energy to power its industries and heating to keep homes warm during winter espe-

cially in Europe and countries with colder climate, this makes the energy industry a curial 

sector in every economy. Thus, the power plants should be in good shape to be able to effi-

ciently and reliable supply energy and heat without an interruption, and at a low cost. 

The above knowledge makes Maintenance of Power plants and Boilers an important activ-

ity. A lot of work has gone into the research of boiler maintenance to minimize the risk of 

accidents during the maintenance processes. 

 

This Thesis commenced with an introduction to maintenance in general, then narrowed to 

the maintenance of Fluidized Bed Boilers, it followed by clearly defining the objectives of 

the research, a literature review followed by identifying important parts which needs to be 

maintain on regular bases. 

 

The Thesis concluded with a note on what maintenance technicians should do during in-

spection, and few recommendations.  
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1 INTRODUCTION  

 

Maintenance is defined by the European Federation of National Maintenance Society EF-

NMS as all steps taken which has the intention of restoring an equipment to its original 

state, or to increase its efficiency (EFNMS, 2019). Maintenance has been seen over the 

years a dirty job as well as boring but has not been recognized as lucrative means of reve-

nue generation. The practice of organizing maintenance activities varies from industry to 

industry all over the world, these steps involves servicing, replacing of worn out parts, re-

pairing of machinery and residential installations, they are taken to keep the machin-

ery/equipment ready for operation during its operational lifecycle, failure to adequately 

maintain the equipment/asserts can lead to less effectiveness and less productivity. It can 

also be defined as the set of operations and steps taken to keep a possession or equipment 

to it efficiency, they are combination of both financial and engineering, these procedures 

are undertaken to restore, commission, diagnose, repair, manage and audit equipment’s to 

arrive at maximum production (Ajeboye & Adedokun, 2010). These processes require 

trained personals, and these trained personnel needs constant technological upgrading due 

to the rapid changes in the modification of industrial machineries  

The reliability of a plant/equipment is the probability that it will function to the intended 

purpose for which it purchased under a given operation period. A drop in worth of reliabil-

ity indicates the need for the frequency of maintenance (Shubham Agarwala, 2019) 

The commonest (traditional) types of industrial maintenance practiced over the years are 

Corrective maintenance, which involves taking steps to reinstate an equipment or a ma-

chine back to its function condition after its breakdown, and preventive maintenance, it is 

directed at evading collapse and faults of the equipment’s by having a planned mainte-

nance routine. This type of maintenance is planned of time, they involve repairs and refits. 
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As technology advances and ideas evolve, the traditional way of maintenance which is cor-

rective and preventive are drifting to a new method of maintenance, the roadmap is shown 

  

Figure 1 evolving maintenance technologies (Prabhakar Murthy Khairy A.H & Kobbacy 

D.N, 2008) 

 

This brought about the condition based maintenance (c.b.m), this type of maintenance is 

based on equipment condition, maintenance are carried out when the equipment deems fit 

without waiting for a particular time or period or the equipment are not maintained at all 

when there are no signs of damaged or any cause of alarm (Murthy Khairy A.H & 

Kobbacy D.N. Prabhakar, 2008) . 

This type of maintenance (CBM) has proven to be cost effective, it cuts down spare parts 

and labour cost, and this leads to a reduction in net maintenance cost. The energy sector 

has adopted this method of maintenance over the traditional approach.    
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Figure 2 View showing cost of different types of maintenance (AIChE The Global Home of 

Chemical Engineer, 2019) 

 

1.1 Objectives of the research  

The objective of this research is stated below: 

1. To explore into details the theory and principle behind Fluidized bed boiler 

2. To define the various types of Boiler maintenance techniques. 

3. To increase and improve the skills of Maintenance Technicians and make boiler 

maintenance easier. 

4. The research also terms to investigate and arrive at a maintenance processes which 

will reduce common mistakes being made in Fluidized bed boiler maintenance and 

to reduce cost and time 

And, to contribute to academic research in the field of Fluidized Bed Boiler maintenance 

 

1.2 Method of study  

The knowledge, information, and data contain in this thesis were gathered from scientific 

journals, past master’s thesis, published boilers materials on Boiler maintenance, books 

from University Library. Other information’s were collected from seasons Boiler Engi-

neers and personal interactions with Boiler maintenance technicians. 

 

1.3 Plan of Development  

This Thesis contains into details the theory and processes behind the maintenance of steam 

Boilers with importance placed on Fluidized bed boilers, It involves the description and 

definition of all maintenance processes in the industry thus Corrective maintenance, 

Preventive maintenance, Predictive maintenance, Proactive maintenance, Reliability 

Cantered Maintenance, Risk based maintenance and Total productive maintenance. 

It also describes the methods being used in inspection of Fluidized bed Boilers, the re-

search begins with a literature review and Theory on Fluidized Bed Boilers, it then de-

scribed the Concept of Fluidised Bed Boiler then followed by naming and defining the 
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Component of Fluidised Bed Boiler. It also followed by the theory of Boiler maintenance, 

the Thesis also listed and defined all parts that required maintenance. This led to the risk 

analysis and legal requirement for Fluidized Bed Boilers from which recommendations 

were made and the thesis concluded. 
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2 LITERATURE REVIEW  

Fluidized Bed Boilers maintenance are becoming more easier this is because more technol-

ogies to detect or foresee fault and literature are available in the field, there are in recent 

times journals, project works, materials and books being published to address this particu-

lar topic (Maintenance of fluidized Boiler). 

It is common in recent times for companies to hold conferences to teach employees and 

Technicians the proper methods to detect faults and to maintain boilers. There are many 

qualified and experts in the field of fluidized Boilers and maintenance, such as Professor 

Esa Vakkilainen the head of Energy Technology in Lappeenranta University, where his ca-

reer focus is on steam boiler especially combustion of biofuels. He has made available 

many books, journals, and articles on the topic of Fluidized bed boilers and how to main-

tain them, one of such books is the 1st Edition of his book, Steam Generation from Bio-

mass. Where he emphasised the already known facts that Boilers often starts to perform 

less when there are working parts that need maintenance, thus; any piece and or associated 

structures must be kept well to enhance the efficiency of the Boiler (Vakkilainen, 2017)  

Articles from experts like Prof. Vakkilainen Boiler maintenance has been improved with 

considerable success, but his Books has normally been around Construction and Design of 

steam, hence giving less devotion to maintenance.  

This thesis gives more detailed discussion of   maintenance of boilers, J.H Jansen Com-

pany in the United States developed a software/program which simulates the operation and 

control of the boilers. One of such program is the Decision making trail and evaluation la-

boratory (DEMATEL), this program is considered as an efficient method for reducing un-

planned deferment of complex systems, the working principle is such that, it evaluates fac-

tors that are interdependent and locates the critical ones via a visual structural model 

(Sheng-li Si, 2020) most of these programs are best used in the preventive maintenance of 

boilers. 

In recent times, with the increase in technology, a company based in Switzerland by name 

FLYABILITY has introduced a technology where power plant maintenance Engi-

neer/Technicians are able to regularly and thoroughly investigate and access even the most 

hidden/confined space of power plants by the use drones to collect visual data rapidly to 

reduce downtime, cost for inspection and the risk involved to technician climbing up scaf-

folds just to check for cracks or corrosion, these data is analysed quickly to educated as to 
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whether the component needs maintenance (FLYABILITY, 2020).This type of mainte-

nance can also be classified as preventive maintenance.  

Figure 1 Visual inspection using Drone to inspect in power plant chimney (Flyability, 

2020) 

 

Using a Drone instead of person during maintenance to collect visual data has proven to 

significantly cut down the cost of inspection to even up to 90%. 

Boiler room consultants carried out a study which shows that using Drones for mainte-

nance increases the frequency of inspection thus could potentially cut down CO2 emissions 

by as 649 metric tons a year (Boiler Room Consulting, September 5, 2018) 

 

2.1 Concept of Fluidised technology Bed Boiler  

 

Fluidized beds are made up of mixture of fluid-solid that displays fluid-like properties, a 

variety of fuel types can be burned with low emissions, they come in two different types, 

thus bubbling bed Fig 2 and circulating bed boilers Fig 3, bubbling bed boilers maintains a 

dense fluidized bed with a fixed level in the bottom of the boiler, whereas circulating bed 

boilers distribute solids throughout, the solid improves heat transfer and enable low com-

bustion temperature, inside the cyclone, the particles that are carried moved out of the bed 

with a higher velocity are separated (Tillman, 2018). The topmost surface of the bed is 

comparatively horizontal, the lower/bottom part of comprises of air nozzle coupled with 

water cooled tubes, at a high velocity hot air is blown up through a sand bed, limestone and 

ash, this causes the solid particle to behave like fluids. 



11 

 

Due to the material used for bed, the coefficients of heat transfer in FBB (Fluidized bed 

boilers) are relatively high, because the entire volume of the boiler is used in the combus-

tion processes, the fluidization process gives a good mixture that offers a high level and ef-

ficient combustion when fuel is added. The minimal velocity for fluidizing is in the range 

of 0.8-10 m/s, the velocity is able to rise to 1.2m/s under normal operation. (Jaakkola, 

2016), fuels particles of up to 80mm in size are able to be burnt (Van Loo and Koppejan, 

2008). 

If the reactors of Fluidized Bed Boilers are operated at temperatures ≤ 1700°F, they are 

able to do away with any thermal Nitrogen Oxide (NOX) (David A. Tillman, 2018). There 

are few challenges  with fluidized bed, one of such is coarsening, this occurs as a result of 

accumulation of char and unburned solid flues on the fluidized bed, if not treated increases 

more by coming into contact with particles which impedes the fluidization of the bed 

(Vakkilainen Esa Kari, 2017)  

 

2.2 Component of Fluidised Bed Boiler  

Fluidized bed boilers comprise of many parts, below list the main constituents, with em-

phasis/explanation on three (3) components. 

• Evaporator, tubular air heaters, economizer, and super heaters 

• Steam or water systems coupled with pump, feed water tank and preheaters 

• Limestone and sand handling and dosing system 

• Ash handling equipment 

• Primary air fan 

The primary air fan’s (PA fan) main function is to transfer the pulverized flue/bio-

mass for combustion into furnace, it controls the rate of combustion, the quantity 

and composition of flue which is supposed to be burnt. 

• Secondary air fan 

This fan supplies to the process of combustion, it determines how completely the 

flue/coal are burned as well as regulates the efficiency of combustion, it serves as a 

compensation for the primary air that went unreacted. 

• Circulating material returning air fan 
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It is used to transport the material supply returning from the cyclone hopper to the 

furnace via the U-seal, it uses the root blower to supply high pressured air for the 

material returning to the boiler. (Kameshwar Upashyay, 2017) 
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3 FLUIDISED BED TECHNOLOGY, MAITENANCE AND 

MONITORING  

Fluidized Bed Technology first appeared in the late 1980s, its emergence dominated the 

traditional grate-fired boilers for demands over 10MWTH(Vakkilainen E. K., Steam 

Generation from Biomass, 2016).Fluidization is the physical result when Solid particulate 

objects are placed in a vessel to produce a solid/fluid mixture so to behave as a fluid for 

combustion. 

To arrive at this, a pressurized fluid is ejected into the particulate medium, after the intro-

duction of the pressurized air/fluid, the outcome in the vessel containing the solid/fluid 

mixture is to have properties like a normal fluid, where some of this properties include the 

potential to submerge under gravity. The resulting occurrence is called fluidization. 

 

 Figure 2 Fluidized Bed Boiler Sample (Esa V. K., Steam Generation from Biomass, 2016) 

 

The bed consists of a mixture of fluid/solid that displays the properties of fluid-like nature, 

fluidized beds can increase the contact level between gases and solidsfluid, there are two 

main commercial types which are the bubbling fluidized bed (BFB) and circulating fluid-

ized bed (CFB) which has already been discussed above. The circulating boiler is more en-

vironmentally friendly and Compare to the BFB, BFB is more suited for operations which 
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are less than 100MWTH whereas the Circulating boilers perform best from 50 MWel. They 

both have their individual optimized designs and looks; the designs also determine fuel 

mixture to burn and its main steam pressure and temperature. Fluidized bed Boilers are 

perfect for burning solid biofuels that has a high moisture contents which may not be desir-

able for other boilers due to the ash contents (chlorine and potassium) in them, these ash 

contents turns causes corrosion in other boilers but not the fluidized boilers, because they 

operate in low stable temperature. Recent fluidized bed boilers have new technologies in-

corporated in them, which enable flue gases such as NOX to be captured and treated before be-

ing left into the atmosphere. 

In recent times, Fluidized bed boilers are beginning to substitute many of the traditional 

boilers for burning of solid biofuel for demand of 50 MWTH and above. 

3.1 Types  

Bubbling Fluidized bed boilers 

Bubbling Fluidized bed boilers which is also known as stationary bed boilers, are of high 

interest in recent times because of the separation methods being used to take eliminate CO2 

from flue gases. Bubbling fluidization is being patronized due to its gasification and com-

bustion of fuels i.e., biomass fuels, coals, and other waste material, it has numerous bene-

fits over other traditional designs. 

• It tolerates different types of fuel mix 

• The bed materials are capable of capturing pollutants, thus, the destruction of tars 

and capture of SOX. 

• It has Uniform temperature across boiler bed (Scala, 2013) 

It is uneconomical to transport waste or biomass over a long distance exceeding 300 km, 

therefore a small, widely distributed, bubbling fluidized bed power plants which can be 

fuelled by locally generated waste or biomass can be used to complement large-scale al-

ready existing plants. The newly designed bubbling fluidized boilers are equipped with ad-

vanced techniques to capture CO2 during combustion. 
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Figure 3 Bubbling Fluidized Bed Boiler (BFB) (H.widell, 2013) 

 

Circulating Fluidized Bed Boiler 

 Circulating fluidized bed boilers as compare to bubbling bed boilers enables the combus-

tion (SOX) Sulphur oxides without flue gas treatment, the CFB combustor is able to accom-

modate different kinds of fuels to be burn at the same time, in other words, the combustor 

is fuel flexible, therefore in the abundance of waste or biomass generated in our communi-

ties gives the opportunity for the application of circulating fluidized boilers to generate 

steam more economical.  

Lower temperatures in the combustion chamber emits carbon monoxide (CO), Nitrous ox-

ide (N2O) and hydrocarbons. A higher combustion chamber temperature increases the 

emission of nitric oxide (NO) (Dutta, 2002) 

  

 

 

                    Figure 4 Circulating Fluidized Bed Boiler (CFBB) (H.Widel, 2013) 
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3.1.1 Technology  

As the world evolves and technologies playing major role in industrial machines and 

equipment, most of the fluidized boilers in recent times are equipped with proper automa-

tion features to avert any unforeseen accidents and also to protect Boiler technicians and 

equipment as a whole, in circumstances of improper operations. In the past years industries 

employs many technicians to monitor the Boiler process, this practice increases cost, but in 

recent times a hand full of men as seen sitting in a control room controlling a boiler or 

power plant as huge as a football field. 

For a good combustion, the air and fuel feed into the Boiler must have a Constance bal-

ance, and also operating the Boiler in such a way to minimize emission, this process re-

quires a complicated control. 

To minimize damage to equipment, safety equipment’s such as interlocks are fixed, Boiler 

Interlocks can be define as a heating controls arrangement which guarantees that the boiler 

does not fire without the requirement of heats, there are in general use, two types of inter-

lock namely; sequence forcing and event forcing interlocks 

 

Figure 5 Sample Valve interlock system (Sofis, 2020) 

 

3.1.1.1 Measurements Monitoring & Control  

There are legal requirements for boilers to have a standardized operating pressure, drum 

levels and operating temperature, also the above-mentioned parameters must be reliable so 
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as to avert any accident in the plant. That aforementioned makes measurements an essen-

tial an essential part of the boiler process. (S.C. Stultz, 2020) 

The boiler steam pressure and temperature are the two most important parameters which 

needs to be measured and controlled, as well controlling the amount of air to be supplied to 

the combustion process, less air intake, means incomplete combustion, these results in the 

production of excess soot, smoke and Carbone monoxide.  

 

Figure 6 Measuring Apparatus (ABB, Measurement made easy, 2017) 

 

Getting the right temperature in a boiler is as important that an increase of just 100 C (500 

F) can double the chemical processes taking place in it, without an appropriate attention to 

such an increases in temperature can reduce the efficiency of the plant and also its reduce 

the life span. (ABB., 2017)  

Measuring of pressure at the drum level the point right after the feed water pump is also an 

important factor which must be ensured, such measurements are referred to as local pres-

sure measurement. (Esa V. K., 2016) 
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Figure 7 Pressure measurement on steam boiler (1: steam, 2: Liquid, 3: Measuring Appa-

ratus) (Konradin, 2018) Self Modified 

 

3.1.2 Refractory failure  

Refractory fails now and again in Fluidized Bed Boilers, and it could happen in different 

regions, for example, lower furnace walls, bull nose, it normally targets the cyclone areas, 

especially the top roof of the cyclone. The figure below shows significant damage of re-

fractory in the lower heater wall in a fluidized bed boiler. In the picture, we see boiler 

tubes peeling off due to refractory walls failures.  

The strength of a refractory wall greatly depends on the physio-chemical actions in the sys-

tem, and also the choice of refractory mixing. Most refractory wall damages are due to 

poor handling by employees.  
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Figure 8 Refractory Wall damages    (Brabar Basu, 2015) 

 

There are three (3) kinds of failures in a refractory system. 

• Damages due to erosion  

• Anchor damages   

• Damages due to internally generated temperatures 
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4 THEORY OF BOILER MAINTENANCE  

Maintenance can be defined as the combination of managerial and technical actions taken 

during the active period of an equipment with the intention of restoring it to its original 

state, or getting it closer to its original state so to increase its performance or function. 

(Crespo Marquez, 2007).  

It should be undertaken with rapt attention given to the technical aspect of isolation, dis-

mantling, housekeeping/cleaning, repairing and after reassembling. The safety of the tech-

nician and the environment must be taken into consideration throughout the maintenance 

process.   

Steam boilers like any other machine turn to be less effective if immediate attention is not 

given to parts which needs maintenance, Steam boilers must at all times be in proper oper-

ational shape, this will increase its efficiency and better performance. Installation Engi-

neers must bear in mind that there will be maintenance in the future thereby creating and 

leaving enough access for welding and inspection during maintenance so there would not 

be the need for additional structures i.e. scaffolds. Few components sometimes experience 

unpredicted failure, those failures could be because of. 

• Installation and manufacturing problem stage, 

• The quality of materials used for manufacturing 

• The design of the boiler 

Studies shows that the risk of failure of a boiler can be cut down expressively by checking 

and making sure the rights are done during each level of construction, designing, manufac-

turing and installation. (Prabir, 2015) 

There are different types of maintenance carried out on a fluidized bed boiler, these will be 

discussed in the chapters below, but the proactive maintenance has been shown to have 

significantly cut down maintenances which involves sudden breakdown. Some proactive 

maintenances involve but not limited to; 

• Pressure drop across lower bed 

• Checking particle distribution of crushed fuel and sorbent 

• Size analysis of solids from loop 

• Pressure drop test for the distributor nozzle 
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4.1 Boiler Maintenance and control  

For visualization purposes, the Fluidized Bed boilers are fitted with two level gauge 

glasses, which are supposed to be used during inspection. Their positions are such that, one 

is fitted in front of the boiler whiles the other one in the side, on the surfaces of this 

glasses, there are three demarcation,(bottom, middle and top marks) the middle mark indi-

cates the normal water level, where the water is to be kept at all times, whereas the upper 

and lower marks indicates the lower level and upper levels of the water respectively. The 

tank is fitted with alarms which blows when the water level falls below the normal level. 

Alarms trig off for the following situation fluidized bed Boiler system, 

a. When the main pressure exceeds the require 

b. Temperature downstream high or very high 

c. Pressure tracking set point failure 

d. Pressure control valves closed less than   

Fluidized bed boiler water tank feed pumps seize pumping when the upper level of the water 

is attained. A study by the Research Center of Automation, Northeastern University, Shen-

yang in China in 2017, compared an intelligent fuzzy controller system with the traditional 

PID controller. The intelligent fuzzy control system was used for multiple boilers with time 

delays and strong nonlinearities dynamic property. The system uses the open loop and 

closed-loop control. The result of the experiment indicated that fuzzy controller has a more 

efficient adaptive capacity to noises than the traditional cascade PID controller. (Jingtao 

Zhang, 2020) 

 

Figure 9 Boiler Water level monitoring and control system (Boris M. Tynkov, 2020) 
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There has been in recent times several studies and experiments regarding the steam drum 

water level monitoring, one of such experiment was carried out by Boris M. Tynkov, 

where a software-based water level monitoring and control system was invented, some of 

the function of the system combusted includes the recoding of diagnostic testing histories 

and system functions. The system is able to regulate and monitor processes in the boiler, 

one of such is the water level. The system is able to record and keep the histories. This al-

low anyone who access it view real-time information of the system. 

 

4.2 Water Level Controls and Monitoring Instruments  

For visualization purposes, the Fluidized Bed boilers are fitted with two level gauge 

glasses, which are supposed to be used during inspection. Their positions are such that, one 

is fitted in front of the boiler whiles the other one is the side, on the surfaces of this glasses, 

there are three demarcation,(bottom, middle and top marks) the middle mark indicates the 

normal water level, where the water is to be kept at all times, whereas the upper and lower 

marks indicates the lower level and upper levels of the water respectively. The tank is fit-

ted with alarms which blows when the water level falls below the normal level. 

Alarms trig off for the following situation fluidized bed Boiler system, 

a. When the main pressure exceeds the require 

b. Temperature downstream high or very high 

c. Pressure tracking set point failure 

d. Pressure control valves closed less than 

Fluidized bed boiler water tank feed pumps stope pumping when the upper level of the wa-

ter is attained. A study by the Research Center of Automation, Northeastern University, 

Shenyang in China in 2017, compared an intelligent fuzzy controller system with the tradi-

tional PID controller. The intelligent fuzzy control system was used for multiple boilers 

with time delays and strong nonlinearities dynamic property. The system uses the open 

loop and closed-loop control. The result of the experiment indicated that fuzzy controller 

has a more efficient adaptive capacity to noises than the traditional cascade PID controller. 

(Jingtao Zhang, 2020) 
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Figure 10 Boiler Water level monitoring and control system (Boris M. Tynkov, 2020) 

 

There has been in recent times several studies and experiments regarding the steam drum 

water level monitoring, one of such experiment was carried out by Boris M. Tynkov, 

where a software-based water level monitoring and control system was invented, some of 

the function of the system combusted includes the recoding of diagnostic testing histories 

and system functions. The system is able to regulate and monitor processes in the boiler, 

one of such is the water level. The system is able to record and keep the histories. This al-

low anyone who access it view real-time information of the system. 

 

4.3 Combustion Controls and Monitoring Instruments  

The known traditional means of controlling combustion cannot be applicable in Fluidized 

boilers, because of the varying nature of loads, therefore boiler combustion control systems 

need to have a mechanism to automate or regulate the process (Hongguang Pan, 2020). 

Fluidized bed boilers have many advantages as compared to other combustion units be-

cause of its adaptability of fuel, the possibility of desulfurization, loads adjustability and 

low discharge capacity of nitrogen oxides. (Bi & Ye Cheng (毕成业), 2020). Combustion 

process in Fluidized bed involves air being fed through from beneath the fluidized bed, 

which lifts particles such as ash, sand and other little particles present in the combustion 

chamber, this mixes them up and keeping them suspended in the combustion chamber. 
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Figure 11 View of Fluidized bed Boiler Process (M. J. Fisher, 2005) 

 

Fluidization depends mostly on the size and air velocity of fuel (Biomass) being burnt. 

There are three ‘’T’’s in Fluidized Bed Boiler Combustion process, thus, Time, Tempera-

ture and Turbulence. Fluidized Bed turbulence is enhanced by the fluidization 

(Mohanty;Dash;& Sahu, 2015) Fluidized Bed Boilers Thermal stability of the combustion 

chamber is determined by the heat capacity of the solid bed (Oka., 2001). Due to the possi-

bility of Ash and moist fuels melting, the nominal working temperature of the unit is kept 

between (750-950oC) (Ćojbašić;Nikolić;Ćirić;& Ćojbašić, 2011) The single knob combus-

tion unit in the boiler contains the Firing rate control unit, this unit can either be control au-

tomatically or manually, its function affects the air/fuel which determines the combustion 

ration of the system.  

There are three types Fluidized Bed Combustion Boilers systems 

• Pressurized fluidized bed combustion system (PFBC) 

• Atmospheric circulating (fast) fluidized bed combustion system (CFBC) 

• Atmospheric classic fluidized bed combustion system (AFBC) (Mohanty S. B., 2015) 

 

4.4 Stoker Controls  

This section consists of the fuel/Biomass cutoff gate, it is located in the stoker hopper, it 

can also determine the thickness of biomass being burnt, it can easily be adjusted for vary-

ing fuels and equipment  
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4.5 Ash and Grit Removal     

The fluidized bed is made up of mixture of biomass, Ash, and some gasified coal, therefore 

care must be taken when taking them out. This section consists of primary ash removal 

port, and the emergency de-ashing. So as to minimize air pollution, the grit collector 

should be fitted. The emergency de-ashing door has been mounted in front of the stoker. 

To prevent the bed form coarsening so to maintain efficient fluidization, it is recommended 

to renew the bed material at regular intervals.  

 

Figure 12 Ash or Grit conveying process (Sarkar. Dipak K, 2020) 

 

This process removes the ashes that have accumulated at the bottom of the bed, the posi-

tioning of the discharge opening, and the shape of the bottom affects the ash removal pro-

cess. As stated, earlier constants removal of bed material helps particles to be spread 

evenly along the bed. (Vakkilainen E. , 2016). Due to the hot nature of ash, it is advisable 

for it to be conveyed into an ash container or silo via a water-cooled screw to reduce the 

temperature to an appreciable state, the conveyer normally moves slowly and at a steady 

state. From the silo or container, the cooled ash is then transported via a truck or a road 

tanker to its final destination for uses such as Plasterboards for the construction sector or 

asphalt for roads. Most biomass are thoroughly sorted before being convey to the power 

plant, so they do contain some scrap metal particle, this particles prevent fluidizations to 

take place properly, and also contribute to emissions, Ash should never be left  to pill up. 

The only proven means to removing to scrap-metals from the bed is by shouting the boiler 

and removing it manually, this can cause a total shut down of the plant, and not good for 

production. Everything that has been said about ash above applies to grit. 
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4.6 Solutions for slagging  

Slagging cannot be totally eliminated but can be minimized by making sure there is even 

distribution of temperature in the boilers and also the addition of conditioners to the ash 

particles. (Akash Singh. Vivek Sharma. Siddhant Mittal, 2017). Slag formation can also be 

reduced by maintaining constant temperature at the exit of the furnace, also, the inner di-

mension of the furnace (width, height and depth ration) must be proportional, to eliminate 

the possibilities of ash particles impacting on the furnace surface. (Robinson AL. Junker H. 

Baxter LL, 2002) 

 

Figure 13 Slag forming on Boiler tubes and wall (Leo Sevtsenko, Planned Annual 

Inspection and Maintenance of Bubbleing Fluidized Bed Boiler, 2017) 

 

4.7 Trouble shooting  

Troubleshooting is defined in the Oxford online Dictionary as the mode of tracing and de-

tecting problems in a Mechanical, electrical, or electronic machinery or system. It presents 

the problem, cause, and remedy. Major problems being faced by fluidized bed boilers are. 

• Slagging and fouling 

• Fatigue failure  

• Caustic embrittlement 

• High Temperature Corrosion 
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• Agglomeration 

The above-mentioned problems all have steps and procedures for solving them. 

Slagging and fouling; these two are have been identified as the major contributors to the 

inefficiency of boilers (Goebel JA. Pettit FS, 1973). These two problems affect the opera-

tion of the soot blower, they block the soot blower’s nozzle which stops it from working 

effectivity. 

Slagging is the effect of molten ash and in-combustible by-product that deposits on the fur-

nace walls or other surfaces that has been exposed to heat radiant, this effect in mostly evi-

dential in the hottest parts of the boiler. Slagging greatly reduces the amount of heat absorb 

in the furnace, cuts down boiler efficiency (Plaza P, 2013).   

 

High Temperature Corrosion 

It is defined as the corrosion which takes place in the boiler superheated, normally caused 

by chemicals such as chlorine, vanadium etc. Ash generated in the boiler is able to contain 

up to 40-70% of vanadium, pentoxide V2 O5, corrosion takes place when the temperature 

of the metal surface is between 580-650 oC. High temperature corrosion can also be de-

fined as the state whereby a material oxidizes and is induced by thin salt deposition at a 

high temperature on the fireside of the boiler. This high temperature ranges between 700 to 

1300 oC. 

 

Figure 14 High Temperature Corrosion on Super heaters (Leo Sevtsenko, Planned Annual 

Inspection and Maintenance of Bubbling Fluidized Bed Boiler, 2017)  
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Solution for High Temperature Corrosion 

There are substances such as corrosion inhibitors which are added or applied on surfaces or 

the environment to reduce the frequency of corrosion on surfaces especially on metals. The 

selection of inhibitors varies, they depend on the environments where it is to be used and 

the metal type. This problem can also be cures or solved by lowering the amount of excess 

air being injected into the combustion chamber. To enhance corrosion resistance, chro-

mium and aluminum as an alloying element is encouraged, this is to form a fine thin, slow-

growing defensive oxides of chromium or alumina- (Jesse J. Brown Jr, 2020) 

 

4.8 Tools and equipment for maintenance  

Boilers are mostly supplied with particulars tools and equipment for maintenance, f e are 

listed below;  These tools mostly accompany the machine; Tube cleaning rid, bushes for 

plain tubes, manhole and a manhole joints, manhole spanner, ended spanner 
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5 COMPONENTS TO BE MAINTAINED  

5.1 Boiler valves  

Boiler Valves are defined in the thermodyboilers web site as an integrated component of a 

steam or fluid application, their main purpose and functions are to be used as a safety appa-

ratus to regulator pressure and temperature. (Thermodyne Boilers, 2020) Boiler valves 

should be checked and make sure there are no signs of sticking and leakage, leakages can 

easily be fix by tightening the gland nuts, other means to fix boiler leakage is by repacking 

the glands, this can be when during boiler maintenance when it is shut down. It must be en-

sureded that the shut-off valves are leak-tight, before the plant can commence operations, a 

leak tightness test on the valves needs to be carried out. Valves are classified as the pri-

mary safety device of the boiler and serves as the defense mechanism should there be any 

unforeseen leakage, it is a recommendation that every boiler should have at least a safety 

valve. But Valves functions can greatly be affected by many factors such as internal corro-

sion restricted flow. Corrosion has been identified as the major cause of valve malfunc-

tions; this is due to the improper sitting of the valve disk. The safely or relief valves should 

be able to open at the maximum allowable pressure set by the boiler designer. Boiler 

valves mechanisms should be checked regularly at least once a month, and once a year the 

set pressure must be tested. (HSM., 2020). The boiler must be shut down immediately if 

has been identified that the valves are not reset or operating properly. 

A boiler must not be operated too close to a valves maximum set pressure values, this prac-

tice can lead to valves leaking slightly.  

Types of valves being used in the industry. 
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Figure 15 (a, b, c, d) Main Types of Valves (Thermodyne Engineering System, 2020) 

5.2 Soot blowers  

A soot blower is also an essential part of the boiler, it has two main purpose is to remove 

soot and ash build ups that has been dropped on the boiler furnace tubes during combus-

tion, this done to prevent plugging, fouling and to increase the efficiency of the boiler 

(Kees A. Bueters. Mark S. Andersen, 2020). Soot is one of the reasons why heat is lost in a 

combustion, because the soot deposit prevents or slow down the flow of heats from getting 

into contact with tubes. Secondly, deposits if not clean cleaned can cause damages to the 

boiler, directly and indirectly.  The soot blower uses high pressure compressed air or steam 

which is normally referred to as the blowing medium to blow the deposits of soot on the 

tubes and inside surfaces of the boiler while it is in use. The compressed air passes through 

a tube which comes out through a nozzle. 
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Figure 16 Symmetrical view of a typical soot blower with compressed air steam through 

nozzle 

Soot blowers are not operated constantly, they are operated intermittently to blow away the 

deposits that has accumulated, using soot blower depends greatly on how often it is needed 

or how dirty the tubes maybe, some soot blower are used once a day, others are used sev-

eral times in the day. 

The example in Fig 16 is just one of many types of soot blowers. Metals and ash melts at 

some point, the fear of the soot blower melting at some point is high,  therefore retracting 

soot blowers are used mostly in extremely high temperatures, they extend their blowing el-

ements into the boilers only while they are being operated, the lance that enters the boilers 

to do the cooling is also cooled to protect it. They can extent to about 9metres or 30ft into 

the boiler. 

Most Fluidized boilers uses a combination of two or more soot blowers, example rotating 

retracting working together, they are operated in a sequence to progressively clean up the 

boiler 

There are different types of soot blowers, there may be as many as 50 types being used in 

the industry, but there are three (3) in constant used.  

• Fix soot blowers,  

• Retractable soot blowers and  

• Rotating soot blowers 

Because the combustion areas are always hot and dusty, Operatives are not constantly re-

quired to inspect, unless there may be a god reason to suspect there is something wrong,   
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There are few general routines or inspections to be perform on the soot blower when it is 

not performing properly or malfunctioning, there are four things to look out for visually; 

• Observe the blowing cycle to see if the soot blower operates through a cycle freely 

and check the timing of the cycle. 

• Look out for excessive leakage from the blower tube 

• Check for proper blowing pressure 

• Check for proper valve operation 

 

Figure 17 Rotating soot blower cleaning tubes (Clyde Bergemann Power Group, 2020) 

 

5.3 Induced Draught Fan  

An induced Draft (ID) fans are located in the power plant stack or furnace for the purposes 

of creating a negative or vacuum air pressure, the centrifugal blowers are used to maintain 

elevated ventilation, they sucks the by-products of combustion from the furnace with a 

slight positive pressure at the discharge end. 

This positive pressure at the discharge end with the assistance of the heat from the chimney 

(120 0C) pushes the flue gases out from the stack into the atmosphere. (Swapan Basu. Ajay 

Kumar Debnath, 2020). Another function of the Induced Draught Fans or IDF is to pull 

Ash that has been generated due combustion into the filter, to enable it clean the exhaust 

gas before letting it into the atmosphere or outside air (Mohammad Reza Hermawan. Hery 

Sonawan, 2020) 

Induced Draught Fan like any other part of the Boiler must be constantly checked and 

maintained to avert failures, Condition monitoring methods can be used to identify faults 
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especially on the blades and shafts. Non-destructive methods of inspection can also be used 

to identify noise in the blades, vibration monitoring and also wears on the shaft. 

 

Failures in Induced Draught Fans are due to cracks in the Shaft or Shaft key way area, this 

becomes apparent because of its high operational speed, and Induced Draught Fans (IDF) 

must be examined for cracks after each maintenance. Cracks in steels are attributable to 

hydrogen diffusion which takes place during all the stages of its lifecycle, i.e. production, 

millings, quenching in water or oil, these are predominantly unavoidable. (Evgenii 

Malitckii. Eric Fangnon. Pedro Vilaca, 2020)  

 

Figure 18 Effect of hydrogen-assisted damage (Mohammad Hermawan. Hery Sonawan, 

2020) 

 

In the Boiler system are two different types of fan; they are: 

• Induced Draught Fan 

• Forced Draught Fan 
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Figure 19 Symmetrical view of Boiler process indication IDF and FDF (Decent 

Machinery, 2020) 

 

The difference between them are; IDF as explained earlier is located between the dust col-

lector or filter and chimney, Induced Draught Fan (IDF) takes the hot flue gases from the 

combustion and furnace through the dust collector or filter to the chimney or stack. 

Whereas Force Draught Fan (FDF) is used to supple air from the atmosphere to the furnace 

or combustion for a smooth and uniform combustion. 

The Forced Draught Fan (requires less maintenance as compared to the Induced Draught 

Fan) 

 

5.4 Forced Damper  

This is controlled through the Single knob Control Unit, the Forced Damper (FD) can be 

either be operated manually or panel controlled. When its operated manually, care must be 

taken that the lever operates, making sure there are no signs of sticking, On the panel 

mode, check that the damper light illuminates and extinguishes as necessary 
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5.5 Chain grate Stoker   

The chain grate stoker is one of the most important components of the boiler set up, it is an 

endless rotating wide traveling chain which serves as the feeding mechanism for the boiler, 

it draws the biomass or fuel through it to the furnace or combustion chamber.  Chain grate 

should be prevented from 

Overheating in all circumstances. The chain should be stopped and repaired immediately if 

there is any sign of overheating. After it cools down, the tension in the chain grate must be 

adjusted and cleaned before it resumes work.  It should be cleaned every time the boiler is 

shut down. 

Because of the high temperature in the furnace, which ranges between 750-1100 0C, so the 

material used for the stoker bed and it joints should be able to withstand high temperature, 

high oxidation, molten ash, or molten slag. 

The linkages must be able to withstand heavy fuel (Biomass), they must prevent the fuels 

from falling off the rolling bed. 

Debris must and molten ash must be checked frequently to prevent them from clogging or 

jamming the process. The sprockets and rods must be check 

 

5.6 Furnace Draught Gauge  

The Draught Gauge is a measuring instrument to measure the pressure difference between 

the atmosphere thus; outside the chimney and the pressure of the flue gases in the 

cumbustion chamber, a new investion by Louis Von Lossau with an atticle puplished in 

Google Patent also has the following explanation, It is an indicator which comprises of 

three gauge tubes, whos main purpose is to indicate the differences in pressure between the 

stack/chimney and the atmosphere, the stack/chimney and ash-pit, and the combustion 

chamber or furnance ash-pit. (Louis Von Lossau, 2020)  The fluidized bed furnace draught 

meter should be checked intermittently to avert any overlooks. The procedures to take as 

follows; 

• The rubber pipe connecting to copper pipe at the far end of the control panel should 

be removed. 

• The copper line should be blown with air jet or compressed air. 

•  Do not blow air into the rubber pipe connected to the draught gauge. 
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• Check that the draught gauge reads zero., if it is not at Zero, it needs be to re-zero 

• Reconnect the rubber pipe connecting to the copper 

 

5.7 Induced Damper  

The Induced damper comprises of linkages. The linkages should function smoothly, with 

no signs of sticking to each other. Should there be any signs of sticking or jamming, the 

linkages must be removed and thoroughly cleaned, lubricated with grease, oil, or any rec-

ommended lubricant. 

After it should be appropriately assembled to its original position, the damper should be 

checked afterward for correct operation, and necessary steps should be taken when sticking 

or jamming persist 

 

5.8 Feedwater Controls and Equipment  

The Feed water equipment like any other components of the boiler setup is an essential 

part of the process, Boiler feed water is a specially conditioned water which is fed into the 

boiler to help generate steam, Fluidized Bed Boilers require high quality clean water, natu-

rel water contains some purities which makes it unfit for boiler, therefore water needs to 

pre-treated before being used. 

Technicians should frequently perform the blow down operations, blow  

down operations are performed whereby the impurities that has settled under the Boiler 

tank are let out into the drain. 

In other to operate and maintain a boilers system efficiently, it is important to treat the 

boiler water properly. Improper treatments results in the reduction in Boiler efficiency. 

Boiler feed water should meet the following specification. 

• The waters Hardness should be less than 0.2 ppm (where ppm refers to parts per 

million) 

• Its caustic alkalinity should be between 0.15ppm to 0.45ppm 

• Its Soda Alkalinity should be between 0.45 to 1 ppm 
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It should be free from. 

• Turbidity 

• Sediments 

• Organic matter 

• Oil 

• Grease 

  The feed water components/equipment must be tested during periods when there are 

boiler is in a low load state and steaming low. The cutoff point of the pump should be 

checked, so to make sure it cuts at the right water level. 

Feed water pump should also be checked to know if the on and off lights are functioning 

properly, and also the alarm for the water level should be checked to know if it cuts cor-

rectly. The feed water on and off lights should be checked at the control room or control 

panel, to make sure they are functioning. When the boiler is fitted with a modulating valve, 

modulating valve spindle should be checked whether it moves upwards when the pumps 

are switched off and, vice. 

The switches for the extra low water level should also be checked and tested, and all other 

valves checked and tested.  

 

5.9 Cleaning the Boiler  

Boiler fire tube should be clean regularly. Failure to do so will drastically reduce the effi-

ciency of the boiler, Soot blowers are able to blow off dust and ashes, but it is also advisa-

ble to use other means of cleaning, such as a mechanical operated cleaners. 

In an event where chemical treatment or removal is involved, professional chemical clean-

ing companies are to be consulted and cleaning job sublet to them. 

As stated earlier, it is recommended to clean the back-tube plate, the furnace or combustion 

chamber with a hardened brush, such as a wire brush to remove soot and grit to keep it 

clean. Scales building up on the water side should be avoided, by applying the recommen-

dation water treatment procedure mentioned in chapter 5.8  
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There are many factors that can influence or decision to clean a boiler chemically, one of 

such is the severity of condenser tube leakage, the severity of air in-leakage to the feed wa-

ter system and also the interval in or the frequency of how the cleaning is done (Brad 

Buecker, 2001)  

 

Figure 20 Boiler chemical cleaning (Marcep INC., 2020)  

 

Buildups of deposits and particles in the boiler tank lessens efficiency, this also leads to 

corrosion under-deposit. Many boilers that has in place proper programs for controlling 

and monitoring water-Chemistry, do not experience copper and copper oxides, iron oxides, 

chromium deposits on the tubes.   

Below are seven (7) steps to help perform the chemical cleaning and treatment of the 

boiler. 

• Mechanical cleaning: this consist of brushing and scrubbing with a hard metal 

brush to remove scales, debris and other particles that are stuck inside the boiler, 

then flushing with water with a pressurized jet. 

• Alkaline Treatment: This process takes away oil and hydrocarbon that may inhibit 

with the dissolution of the scale by an acid solvent. 
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• Solvent Cleaning: The process where inhibited acid is used to remove scale from 

the boiler 

• Neutralization and passivation; this is the last process to take out any leftover iron 

oxide in the boiler, this process also involves the replacement of active metal with 

a well-passivated surface layer. (Marcep INC, 2020) 

Further inspections after cleaning the boiler: The asbestos rope must be quickly installed if 

there are signs of gas leaks. The joints of the smoke box doors both front and back must be 

checked to make sure they are properly sealed 

Another critical step to take is to check the Boiler foundation for any possible cracks, the 

Boiler must be immediately shut-down should there be any signs of cracks, and it must 

never be used until it’s been fixed. 
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6 METHODS OF INSPECTION  

6.1 Non-destructive testing  

As the pronunciation go, Nondestructive testing sound, it is defined as the wide method, 

analysis or techniques carried out in Engineering and technology assess the properties of a 

component or material without properly damaging it. It allows for inspections and evalua-

tions to be carried out, and also data taken without changing its state.  There are various 

types being practiced in the Industry. 

Nondestructive technique can be applied or used in many sectors for inspecting especially 

in around boilers and pressure vessels, which could pose very dangerous to the plant if not 

appropriately maintained. 

Plants such as Nuclear powers requires proper maintenance for the plant and employees. 

There are several merits and reasons why companies around the globe are switching to the 

Nondestructive methods of inspections 

• Non-destructive (NDI) saves cost as compared to destructive inspections, reasons 

being the material be inspected is not damages. 

• NDI is safe and harmless, because inspections can be carried out or without the 

technician being physically present 

• Efficiency: NDI methods permits for comprehensive and in-depth inspections be-

cause spots or corners of the plant where technician cannot enter a drone being used 

for the inspection can enter to perform thorough inspections. 

 There are about eight (8) commonly used Non-Destructive inspections. 

• Magnetic Particle Testing 

• Radiography Testing 

• Eddy Current Testing 

• Acoustic Emission Testing 

• Liquid Penetrant testing 

• Leak Testing 

• Visual 

• Ultrasonic 

But for the purpose of this thesis, Leak Testing and visual testing will be discussed. Be-

cause these are directly related to some methods being used for maintenance. 
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Visual Inspection; This is the process of collecting visual data, or checking safeness of an 

equipment or material, Visual inspections are carried out using flashlights to see darker re-

gions of the plant, cameras are also used, and in recent times robot and drones are being 

used for NDI.   

 

Figure 21 A Drone being used for visual inspection (FlyAbility, 2020) 

Leak Testing using (NDI) 

 

This process is used to study and check leaks in a Tank or vessel, these inspections are car-

ried out to detect leaks in a tank by reading the measurements taken with a gauge pressure. 

Soap-bubble tests and electronic listening device. They are also used to detect leakages in 

boiler tubes, because Boiler tube failures accounts for the major causes of forced outages 

of power generation unit. Water wall tubes, and super heaters tubes are the most common 

destination for failure. It has been recorded that about 80% of unplanned boiler shutdowns 

are due to boiler tube failure (Atanu Saha., 2020). 

Leaks in feed water heaters, boilers and piping are common causes of inefficiencies in 

Boilers and Power plants as a whole, leaks are not easily detectable, because they may be 

hiding behind an insulation, and also are not audible. (Muhammad Sohaib. Jong-Myon 

Kim, 2020) 
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6.2 Destructive testing  

Destructive Testing are carried out to determine the properties of a component, so to un-

derstand its behavior, this process results in the destroying the component. 

They are mostly used to investigate the cause of a component failure, and fabrication vali-

dation which plays keys part in engineering assessment of machine parts. Most advanced 

company’s such as The Babcock & Wilcox Company tries to avoid the use of component 

or sample analysis, the company cited the great cost involved as being the deterring factor. 

Some components require complete evolution, this paper narrows down on two compo-

nents for the destruction testing, two samples will be discussed, the tube samples and boat 

samples, destructive testing. 

Tube samples: they are the commonest component amongst a lot that are destructive tested, 

they are taken out of water & steam cooled circuits and a sample is taken out for visual ex-

amination and other ones sent for laboratory for possible destruction test. 

Boat sample: Large components such as piping, headers and drums that are too heavy to be 

removed, parts are cut or slices in a wedge form. Then the piece is sent for testing. The 

piece cut out can then be replaced by welding. Boat samples has been identified as an ex-

pensive means of testing (The Babcock & Wilcox company, 2012) 

Types of Destructive testing listed below. 

• Corrosion Testing  

• Fracture and Mechanical Testing 

• Fatigue Testing 

• Hydrogen Testing 

• Residual Stress Measurement. 
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7 MAINTENANCE SYSTEMS  

7.1 Corrective maintenance  

Sometimes referred to as breakdown maintenance, they are performed to isolate, identify, 

and rectify a failed component, so to know the causes of failure. (Yuanhang Wang. Chao 

Deng. Jun Wu, 2020). So, they can be restored to its original working state with-in the tol-

erances limit. A lot of preventive measures are taken to avert component failure, example 

being the preventive maintenance, but none of these is able to totally eliminate component 

failure. 

Corrective maintenance occurs when a technician discovers a problem while completing a 

preventive maintenance inspection, or emergency workout. 

Corrective maintenance still happens to be the most used method for the identification of 

possible failure of a machine. There are many benefits of corrective maintenance, six of 

them is mentioned below. 

• Reduces emergency maintenance orders 

• Increases employee’s safety 

• Resolved problems before delays is production interruptions 

• Increases the lifetime of equipment 

• Eliminates employees’ injuries 

• Supports in resource planning 

 

 

Figure 22 Corrective maintenance workflow diagram    Self-designed 

Technicians who are able to identify potentials faults in plant before they become an emer-

gency saves the company a lot of money 
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7.2 Preventive maintenance  

It is maintenance carried out regularly on a machinery or equipment to reduce the possibil-

ity of a brake-down by noticing small issues and fixing them before they develop into big-

ger problems. It is performed in the working mode of the machine, to prevent it from unex-

pected breakdown. 

Any type of maintenance which is not reactive but proactive can classified as preventive 

maintenance.    

  Benefits of Preventive maintenance; 

• Decreases major repairs and equipment interruption 

• Preventive maintenance cuts down across-the-board repairs 

• It improves working conditions for employee 

• It increases equipment life, and takes away untimely equipment replacement 

• It reduces employees working overtime, to make up for time lost during unplanned mainte-

nance  

It is estimated that Preventive Maintenance cost may range between 4 to 8% of total Oper-

ation and maintenance cost, and also. 

• Preventive maintenance (PM) equals to a reduction in repair cost 

• Practicing preventive maintenance slices down the energy consumption of the plant 

(Vicent Hernández Chover. Lledó Castellet-Viciano. FrancescHernández-Sancho, 2020) 

It was in an article published in World Scientific website that Preventive maintenance may 

be imperfect, it stated that preventive maintenance (PM) reduces the effective age of the 

plant, but also changes the hazard rate, it went to explain that hazard rate increases with the 

number of preventive maintenance’s performed. (Daming Lin. Ming J Zuo. Richard C M, 

2020) 

There are different types of preventive maintenance procedures being practiced in industry, 

not a single one has been proven to be the best over the other. The commonest and gener-

ally accepted method of Preventive maintenance is the periodic/interval maintenance or the 

calendar-based maintenance, but the above mentioned system has a number of demerits 

(Cichelli James Andrew, 2020) 
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                                     Figure 23 Work structure of Periodic Maintenance       Self-designed 

 

As already referred, preventive maintenance is performed annually, monthly, quarterly and 

weekly, Engineers or Technicians must familiarize themselves with the plant or equipment 

so to determine the appropriate intervals for maintenance.   

 

Figure 24 Work Structure of Calendar-Based Maintenance    Self-designed 

 

7.3 Predictive maintenance  

This type of maintenance uses historical information ‘probably from the manufacturer’ and 

knowledge of the plant or equipment to envisage a possible breakdown and avoiding it. An 

article by Plant Engineering research also defined Predictive Maintenance Pd.M. as a sys-

tem where a maintenance technician is expected to predict the time and a date a plant is ex-

pected to be maintain based on its current situation (Pelliccione Amanda, 2020). A survey 

conducted by Plant Engineering indicated that about 77% of engineering firm which 

adopted the Predictive Maintenance Pd.M. strategy stated a reduced in the probability of 

failure as an advantage, 75% mentioned equipment effectiveness as an advantage and 68% 

stated an increase in equipment or plant safety as an advantage (Amanda Pellicione, 2015) 
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Most companies gather data from past experiences, experts and equipment readers to iden-

tify Pd.M. requirements. More data they acquire, the more decision they can make. 

The utmost requirements to achieving an effective data acquisition is getting enough data 

from all sectors of the manufacturing process. (Tiago Zontaa. Cristiano Andréda Costa, 

2020)  

 

Figure 25 Workflow of Predictive Maintenance       Self-designed 

 

The concept of equipment or plants failures being anticipated and planned in advance 

which has been thoroughly stated in few paragraph above can also be achieved by the ‘’In-

ternet of Tings (IoT)’’ This process involves various devices and sensor connected to each 

other via a network, they communicate with so to improve the value each other, other ser-

vices can then be generate refereeing to the combinations of the devices and sensor. 

(Makoto Hasegawa. Kazuaki Hanada. Hiroshi Idei, 2020)  

 

7.4 Proactive maintenance  

Proactive Maintenance is a strategy used to correct the origin of failure and to avoid break-

downs cause by fundamental equipment conditions, proactive maintenances helps to see 

machine failures before they develop, so technicians can eliminate them before it happens. 

 It helps to increase maintenance by the manner the equipment is designed, the way they 

are installed, and the procedures being used for maintenance. The features of proactive 

maintenance involve continues usage of feedback, and data from the technicians, which are 

communicated to equipment designers for them to improve. The data is used to perform 

root-cause failure investigations and to predict what may occur. These knowledge helps the 
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designers to integrate functions and activities into program planning. (Neeraj Niijjaawan. 

Rasshmi Niijaawan, 2020) 

 

Figure 26 Types of Proactive Maintenance      Self-Designed 

 

Proactive maintenance makes it possible for technicians to carry out maintenance when 

need, based on the information collected on previous maintenance. This type of mainte-

nance also helps to address systematic elements of maintenance program. 

Proactive maintenance helps organizations to become. 

• To know the origin of equipment or plants failure 

• Enable Technicians to solve problems before they manifest 

•  It increases equipment life and also eliminates downtime which occurs because of ma-

chine failure  

Proactive maintenance check could include the following. 

• Fluidization consistency test  

• Temperature consistency in parallel and vertical segment of the heater 

• Pressure drop across heater and that across twister  

• Pressure drop across lower bed 

• Temperature change across typhoon 

• Pressure drop across reuse office of circle seal 

• Check molecule dissemination of squashed fuel and sorbent 

Take on-line test of flue/biomass from circle seal for size examination 

7.5 Reliability Cantered Maintenance  

A maintenance process used to determine actions which needs to be taken to ensure that 

equipment and machineries continue to perform their duties in its present state (John 

Moubray, 1992)  it is one of the powerful maintenance and reliability improvements pro-

cess currently being practiced. They normally use proactive maintenance to keep an assert 



48 

 

  Commencement of the Reliability Centered maintenance (RCM) process involves. 

• What are the performance standards set for the machinery in its present status? 

• How does the equipment not fulfill its obligations? 

• What are the causes of each functional failure? 

• How the failure manifest or what does it happens? 

• How does the failure affect or how does it matter? 

• Is there any way to foresee the failure so to prevent it? 

• Is there anything that can be done if there are no proactive task available?   

Reliability Centered Maintenance (RCM) provides an outline where it is possible to delib-

erately alter the way and means maintenances were carried in the past (Payman 

Dehgehanian. Mahmud Fotuhi-Firuzabad, 2020) 

RCM’s implementation comprises of three main stages namely, Pre-Analysis, Main-Anal-

ysis, and post Analysis. This steps comprehensively covers all the needed steps and out-

comes from technical and economical perspective. 

Plant or equipment failure are not acceptable, there are two types of failure namely.  

• Functional failures: This type of failure is reported by the machine operatives 

• Potential failures: this is normally discovered by the Technicians or maintenance 

Engineers 

 

Figure 27 Parts of Reliability Centered Maintenance (RCM)  (Abdel-Aziz, 2020)  

 

Figure 26 above outlines components involved in the RCM process, There are about eight 

(8) systematic steps or approaches involved in identifying failure modes in the equipment, 

also to prioritize failure modes and to perform maintenance task; 

• Choosing the system, and Data gathering 

• System limitation definition 

• Explanation on how the system works and useful information 

• Systems previous failures  

• Causes of failure mode effect examined 

• Workflow diagram designed 
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Assignment selection (Afefy Islam H, 2010) 

7.6 Risk based maintenance  

This is a method used to target or integrating reliable approach to determine equipment or 

machinery that are likely to fail, it involves the principles of determining the most econom-

ical use of maintenance equipment/tools. In other words, to investigate the likelihood of an 

asset’s failure will generate a great impact, so priority can be given to equipment or ma-

chineries with the higher risk of failure. They are to make use of the knowledge of failures 

and accidents to attain the maximum safety without excess cost. (Arunraj. J Maiti, 2020)  

The principle point of this philosophy is to lessen the general danger that may result as the 

outcome of startling disappointments of a machinery or equipment’s. The investigation and 

support exercises are organized based on measured danger caused because of sudden 

breakdown of the equipment with the goal that the absolute danger can be limited utilizing 

the Risk-based maintenance (RBM). Equipment’s with high-hazard segments are investi-

gated and kept up ordinarily with more noteworthy recurrence and carefulness and are kept 

up in a more prominent way, to accomplish passable danger rules. (N S Arunraj. J Maiti, 

2002) 

Risk-based maintenance outline consist of the following. 

• Risk assessment 

• Scheduling of maintenance with reference based on recorded risk assessment 

Companies that adopt the Risk-Based Maintenance are companies with higher risk conse-

quences which surpasses the cost of machinery. 

There are few questions to answer before embracing the RBM strategy. 

• Which of the equipment or asserts possesses the most risk? 

• The number of high-risk machineries at a particular point location 

•  The exact risk level per assert 

• The magnitude of a failure  (MRI Software Company, 2018) 

In concluding, hazards found are registered by consolidating the outcome examined and 

the likelihood of it happening. The total dangers located are analyzed against known satis-

factory factors. The recurrence of support undertakings is gotten by limiting the assessed 

hazard. The proposed procedure (Risk-Based Maintenance) is employed to address two 
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fundamental questions: Which Machinery ought to be factored into the planned/schedules 

maintenance program? When should the maintenance be booked? (Faisal I Khan. 

Mahmoud Haddara. (American Institue of Chemical Engineers AIChE), 2001) 

 

7.7 Total productive maintenance  

The objective of Total-productive maintenance is to enhance job satisfaction by employing 

the following means. 

• Cut down on breakdowns 

• Cut down environmental and or safety cases 

• Reduce cost 

• Improve quantity 

• Increase competitive advantage 

• Reduce emergency and unplanned maintenance 

There are four major objectives of TPM. 

• Avoid waste as much as possible 

• Cut down on cost of manufacturing 

• Produce a low batch quantity at the earliest possible time 
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8 MAINTENANCE SCHEDULING  

The maintenance schedules alluded to below is by John Thomas Industries, a renowned 

steam Boiler Company established since 1824  

8.1 Daily Maintenance  

• Safety valves should be checked 

• Draught gauge should be checked 

• Boiler blowdown should be performed 

• Proper Checmical test on water level 

8.2 Weekly Maintenance 

• Blowdown of measure glasses 

• Checking the carbon dioxide content 

• Testing the two-switch regulator 

• Testing the regulating level regulator 

• Testing the single switch regulator 

• Examining the feed pump 

• Examining steam boiler valves 

• Outside cleaning 

 

 

8.3 Monthly Maintenance  

• Sootblowers should be inpected 

• Induced Draught Fan Belts should be inspected 

• Smokebox joints seals should be inspected 

• Feed pump suction strainer cleaning 

• Insulations and refractory brick walls inspection 

8.4 Three to Six Months Maintenance  

• Oiling, greasing, and lubricating of all moving parts 

• Examining of all refractory walls 

8.5 Annual Maintenance  

Annual Maintenance ; This maintenance is very crusial, and it is recommended that 

experienced Engineer performs or supervises the process 
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• Feed water tank scrubbing 

• Thorough cleaning of tubes 

• Lower water cut-off point safety cleaned, and gaskets replaced 

• Glasses used for visual inspections cleaned 

• Feed water chamber cleaned, and all gaskets replaced 

• All safely valves and devices tested 

• Yearly review 

8.6 Bi-annual Maintenance  

• Inner Boiler thorough inspection 

• Hydraulics parts testing 

• Outer Boiler inspection 

8.7 Shutdown Maintenance  

• Inspection of Induced Draught fan (IDF) and its linkages 

• Inspection of Forced Draught damper (FDD) movement   

• Cleaning of fire tubes 

• Combustion chamber, back tube plates cleaning 

• Slags removal 
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9 LEGAL REQUIREMENT FOR PRESSURE VESSEL REPAIR 

WORK 

Regulations which are critical to the maintenance of fluidized Bed Boilers are stated be-

low. 

Steam boilers are required by law to keep a logbook at all times, these books are used to 

keep the records of when maintenance, cleaning and inspections have been carried out. The 

state and condition of the boiler are all recorded in the logbook. 

Emissions such as CO2 levels, temperatures, water levels, steam pressure hourly reading 

and blowdown are all recorded in it. 

There are several legal requirements one must meet before performing maintenance activi-

ties on a vessel.   

These guidelines might be summed up as follows: 

• The client must choose a skillful and a qualified individual or firm to investigate or 

test his boiler.  

• The inspection/investigation or test must be within 30 months of the past assess-

ment, the Boiler inspection and or examination must not be done at the same time. 

•  The auditor or inspector responsible for the inspection ought to be inform at least 

90 days prior to the expected date of assessment or test.  

• The able inspector must report all imperfections to the client. He should avoid the 

utilization of the boiler if there are any faults or imperfections identified during the 

inspection. The inspector must present a genuine report to the client.  

• The client must present the review or test report to the inspector inside one month 

after the assessment or then again test date.  

• The inspector may propose to lead an investigation or inspect at any time. He may 

likewise perform the examination or test simultaneously as the skilled person.  

• The boiler must be cleaned and arranged as required by the instructor or skilled in-

dividual. 

• At the point when the boiler outer must be taken out, a chance can be taken to as-

sess or test and inspect the boiler.  

• The Boiler operative is answerable for the wellbeing of people when work is being 

done on the boiler.  
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• The client will guarantee the security of people who are entering any part of the 

boiler during maintenance by cordoning off or closing all areas known to be dan-

gerous, for example,  

Steam stop valve.  

Blowdown valve.  

Feed water valve.  

 

9.1 Probability of part failure incidence of breakdown or accidents  

It is a well-known fact that operational life span of boilers and its components are cut short 

due to the activities of other failure mechanisms, 

Five (5) major reasons have been identified as the contributing factors of part failure, and 

which may lead to accident or damage of boilers 

• When Conditions for operation was not taken into consideration during boiler design 

• Maintenance Technicians over-looking important deformation during maintenance 

• Service conditions not changed or optimized 

• Boiler being operated by unskilled professional  (Milos Djukic, 2020)    

Boiler tubes have restricted life span and can fail because of different disappointing systems. 

Corrosion and rust are the major harmful elements in Boilers, power plants and cycle indus-

try. High temperature and fly ashes are also a contributing factor. Corrosion harm is a main 

cause of increment in maintenance cost in the thermal industry. Erosion is an irreversible 

cycle of material debasement and because of negative impacts applied on the material qual-

ities, particularly in the boiler tube framework, is one of the main issues in the activity of 

thermal power plants and is viewed as the underlying driver of numerous blackouts. 

Listed are also few failure mechanisms and their causes 

Stress rupture. 

• Causes, short term overheating 

• Uniform metal welds (load distribution and stress accumulation) 

• high temperature creep 

 Fatigue. 

• Vibration fatigue  

• thermal fatigue 
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• corrosion fatigue 

• creep - fatigue 

Corrosion. 

• Pitting 

• Stress corrosion cracking 

• Hydrogen damage 

• Oxygen attack 

Erosion. 

• Fly ash / Deposition 

• Falling slag 

• Soot blower (Vera Šijački Žeravčić. Gordana Bakic, 2008) 
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10 CONCLUSIONS AND FUTURE VIEWPOINTS IN THE FIELD OF 

FLIUDIZED BED BOILER MAINTENANCE  

Power plants as well as boilers are increasingly becoming larger and complex day in day 

out because of high demand of Heat and Energy, and the quest to increase efficiency and 

also minimize the possibility shut-downs and accidents, these produces a huge benefits 

economically, there has also been massive advancements in technology for thermal plants 

and Boilers, these technologies requires a lot of investment in maintenance of the system 

and equipment. 

Throughout the process of this research/thesis, there was a confirmation that Fluidized Bed 

Boilers as well as all the its necessary components can attain a higher production effi-

ciency, cut down cost and increase plants lifetime if proper maintenance culture is adopted. 

Few years ago Boiler maintenance, and maintenance as a whole, was identified in this pro-

ject as being performed by unqualified personnel, because of its dirty nature, this became 

of much worry to companies, and industry players to invest more into research and tech-

nologies to enhance maintenance and make it less stressful. The narrative has changed 

drastically by the introduction of new technologies, which requiree an operative or mainte-

nance technician to perform inspection and maintenance of boilers and plants without get-

ting dirty, and also avoid squeezing through pipes and cables. 

Most of the new technologies makes boiler maintenance more efficient and cost effective, 

One of such technology is the use of Robots and Drones to inspect and take pictures for 

visual inspection. 

Evidence gathered during this study, indicates that boiler operatives can be generally clas-

sified into two categories. There are those who endeavor to keep their boilers in good and 

amazing conditions. These companies or owners are the individuals who normally send 

their boiler operatives and boiler maintenance staff to short boiler courses to increase their 

knowledge. They normally ensure that the legal assessment is observed, and plans adhere 

to. They additionally see the legal assessment as something valuable and helpful.  

And on the other hand, there are those clients who do not pay much attention to keeping up 

their boilers. These users normally have extremely incompetent boiler specialists and 

boiler upkeep department. Strangely most Boiler and power plant owners exhibit great 

level of ignorance when it comes to the subject of boiler maintenance, this leads to not 

paying much attention to the maintenance of their boiler. This careless behavior of owners 
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decreases the efficiency of the boiler. They typically see legal requirements and inspection 

as a waste of time and resources, they do not see it as something for their own advantage. 

Boiler owners must designate a skillful individual as stated earlier to review and test the 

boiler. This knowledge will encourage many companies to send their plant operators to 

short courses and upgrade their knowledge, which will at the long round benefit the com-

pany, and also reduce accident at the workplace. 

Wear is a major problem in the fluidized bed boiler, apart from erosion, problems such as 

slagging, deposition, fouling and corrosion are also a big issue to be dealt with, these cause 

severe damage to the boiler, there are no much difference between the corrosion of inside 

the tubes and the corrosions on the fireside, proper maintenance should be carried out to 

prevent loss of efficiency in the boiler. The following should be considered so to minimize 

corrosion and its effects. 

• Attention should be given to the temperature so not to exceed the normal range 

• Poor combustion should be avoided 

• Tube surface erosions should be avoided 

• Local reducing atmosphere 

• Fuels with too high chlorine and sulfur content should be avoid 

• And regular maintenance should be encouraged 

• Metal temperature should not exceed 450-500 0C 

The objectives set for the Thesis wanted to explore into detail the theory and principle behind 

fluidized bed boilers, it discovered that the principle of fluidization involves the mixture of 

fluid and solids, the result is a fluidlike property. A high velocity hot air is blown up through 

a sand bed, the air then causes the solid particles (biomass) to submerge and behave like 

fluid, this serves as fuel for combustion. There are basically two types mentioned and thor-

oughly explained, they are the bubbling bed boiler and circulating boiler.  

This research also wanted name and define the various types Boiler maintenance processes 

currently in the thermal plant industry, the following were recorded. 

Preventive maintenance, Corrective maintenance, Reactive maintenance, Proactive mainte-

nance, Predictive maintenance, and Reliability cantered maintenance. The Preventive 

maintenance have dominated the industry and used more often, this type of maintenance 

helps to eliminates common mistake and reduce the cost of maintenance. 
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