International Journal of Mechanical

Engineering (IJME) International Academy of Science,
ISSN(P): 2319-2240; ISSN(E): 2319-2259 G Enei i d Technol
Vol. 9, Issue 2, Feb—Mar 2020; 3144 BEIRINIING e Yecanengy

© IASET IASET Connecting Researchers; Nurturing Innovations

EFFICIENCY IMPROVEMENT OF BOILER THROUGH DESIGN OPT IMIZATION AT KUWAIT
OIL AND GAS COMPANIES

Faisal M SH F Alazemi & Mohd Radz Haji Che Daud
Research Scholar, Department of Manufacturing aradedals Engineering, International Islamic UnivégsMalaysia,

Kuala Lumpur, Malaysia

ABSTRACT

For a plant engineer, the boiler efficiency is afahe most crucial aspects. Therefore, differenhhiques are developed
to improve the boiler performance. In the sevetalis, it is found that a boiler consumes the gpearound eighty
percent of the boiler operating cost.The efficientw boiler suffered due to the various lossesuoed. These losses are
mainly occurred due to the flue gas accumulationburned fuel, convective and radiated heat lossriprove the

efficiency of a boiler, the design optimizatiorstisdied in this research.

In this study, several parameters such as pre-hefgsign, economizer design, an efficient heatirgjesn design,
etc., are used.In a boiler, heat loss is very hidien the flue gas released almost thirty percenthefenergy loses due it.
Therefore, it is essential to optimize the desifra doiler so that the performance can be impraved. boiler design,
complex geometry is used because it has multiple#srand multiple outputs. This system is of alm@ar type which has no
self-balancing mechanism. The combustion processhdiler is also complicated in terms of physiaalwell as chemical
process. A boiler is used for various applicatisnsh as food industries, cement industries, ete.éfficiency of a boiler is
required to improve due to multiple reasons sucle@argy savings, low maintenance cost, and envieotah safety, etc.
Recent days, everyone is developing a design #rahelp in energy conservation on the urge of [mgsenvironmental
issues such as global warming. In several industaied power plants, boilers are primarily used g@nerating steams or
producing hot water. Several studies showed thatctmsumption of energy in boilers is significavit@. Barama et al.
2017). Therefore, improving the boiler efficiengg®in small amount can lead to save a signifieanbunt of energy. It can

also help to improve the carbon emission thatbella significant step towards the environmentadtyaf

By definition, a boiler is a pressure vessel whghised for generating electricity or supplying tiat water to the
industry for providing the heating facilities dejgémg upon the requirements. In some commercialrasdlential buildings,
boilers are used for providing hot water or steammilities for various domestic and commercial pwes (L. Jaymaha,
2006). In all over the world for generating elecity, coal, gas, etc., and nuclear power is priryatised. For converting
energy generated by these resources, for exanmglenal energy into electricity, boilers are ondluoé suitable options. The
fossil fuels reserves are depleted day by day hediémand for other energy resources such asasl, and coals, etc., for
electricity production are increasing. Accordingdastudy, these energy resources demands will réad%s - 94.7% by the
end of 2030 (M.C. Barma et al., 2017), (S. SomAaridutta, 2008). Therefore, improvement in boiliceency is crucial.

In a steam boiler, chemical energy obtained fromftel is transformed into the thermal energy wlith help of
combusting fuels in the furnace. These days thigide$ a boiler are getting more complex as morenbar of equipment
are connected such as heat exchanger, pre-heatenoenizer, etc.
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INTRODUCTION

In Kuwait, steam boilers are primarily used in vas industries such as cement industries, chemlaats, etc. Energy
efficiency is one of the key aspect of that willdhén making several energy policies in futurewitl also help in cost

saving. A boiler consumes a huge amount of fuetrétore, boiler efficiency is required to be in@eaA small increment
in the efficiency can further cause huge fuel apdrating cost saving. Efficiency of a boiler canibereased by using a

good maintenance program such as preventive maimterprogram or optimizing the design of a boiler.

Four factors are critical for assessing energyciefficy in the industrial powerhouse supplying epdm make
products for the benefit of customers in a highdynpetitive international market-place (Ahamed et2010). These four
factors include a) Fuel type b) Combustion systiemtations c) Design of equipment d) Requirementstifie operation of
a steam system. Boilers are used since the lasirgadn many applications in human life. Boilerayplvital roles in oil and
gas industries in different applications. HoweMaojler efficiency is varied from one type to anoattend from one
application to another. Also, the material usednanufacture the boiler, and the type of fuel usftects on boiler
efficiency due to the complete or incomplete contibus Moreover, emission produced by the boilequste dangerous
for the nature and human life. Many other probleand disadvantage can happen due to the losses daduag the
combustion which may decrease the efficiency aad te cost a lot of fuel. These problems can beesbby improving

the efficiency of the working boilers.

In several literatures, different factors are stddfor improving the boiler efficiency, but optiraizon in the
boiler design is not performed so far. Differeridyg of fuels are studied and for each type of thel efficiency of a boiler
is reported. Certain other factors such as fluetgiaperature or stack temperature, presence oggxiealso significantly
affect the boiler efficiency. On the basis of threyious literature data, the design optimizatioradfoiler is required to

perform.

An efficient boiler will help to save energy, whithone of the major concerns these days, andlireduce in

the carbon emission. Low carbon emission is requinereduce the environment harm.
Research Motivation

The performance of a boiler is significantly affegttdue to the several factors including the typ&uel, excess air, stack
temperature, incomplete combustion, etc. Due ta pedormance of a boiler, the consumption of fnefteases a lot and
start emitting the carbon dioxide and carbon mamexin the environment. Irrespective of the type simé of boiler, there
are several other factors, which are required émtifly and analyzed to control the impact of eaattdr on the boiler
efficiency. These analyses will help in studying theat losses, such as radiation heat loss, coadubeat loss,
convective heat loss, due to several factors. A@ranalysis of boiler efficiency will help to rembuthe main cause that
affect the performance of a boiler such as germradf dry flue gas, presence of excess air, accationl of carbon

dioxide, accumulation of bottom ash due to unbftuel, etc.
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Due to lack of proper boiler design optimizatiooylperformance and abnormal behavior will be oamliin the
boiler. It can be all time threat while workingsnch industries where efficiency of a boiler is pand there is a lack of
maintenances and care for the operating conditioa boiler. There is still lack in adopting variodgnamic control
techniques because of the problem of identifying ghimary root cause, due to which the performapfc®oiler is

suffering

In a literature, it is reported that the efficienafyoverall plant is decreased mainly due to heas.| The only
solution to overcome this problem is good practitenaintenance and optimizing the various boileigies along with its
components design optimizations. In most of theillabie literature, it is found the researcher haged only certain
specific parameters. No one has so far perfornmamhalete study that includes most of the majordiecaind its impact on

the boiler performance.

This research work is based on a detailed studh@®moiler efficiency improvement, and it includgstimization
of all the operating parameters of a boiler. Therapch used in this research work is based on eeguiSeveral
participants including working engineers, studdrage given their overview regarding what are theigténg aspects of a

boiler that can be optimized and how. On the bafsikeir review, a complete analysis will be made.
Research Scope

This project was focused on improving the boilefficiency used in oil and gas companies in Kuwaite study was
focused on studying the boilers types and theicieficies, in order to select the suitable typebalers to be established

in oil and gas industries in Kuwait. The projectlarwent the following processes:
» Studying and investigating the working conditiotesnperature, pressure, etc. in Kuwait oil and gdsstry.

» Studying the different types of boilers and identihe losses occur which affect negatively on tloéleb

efficiency.

* The selection of the suitable boiler to be improfedher in its efficiency with less fuel used aleds emission
produced so that can be used in the oil and gasind

Significance of the Research

Conservation of energy and reducing the carbonsomsare two major factors in which, several resleas are going, and
these days, the two parameters are primarily useiffierent studies. A boiler requires a signifitamount of energy for
the steam production that further can be usedhimpbwer production, etc. Generating power on tit of high resources
consumption is a severe issue. All the naturaliess are depleted these days. Therefore, it &n8akto focus on energy

consumption reduction by improving the efficiendyadoiler.

The running cost of a boiler is also very high, @#ncan be improve with the help of optimizatiochaique. A
small improvement in the boiler performance camigicantly reduce its operating cost, and that \&ld to improve the
efficiency of overall power plant that runs on leod. In various industries, steam is substantiaigd as a fluid with
which, heat transfer process can be easily achiestedm has various advantage such as low boibimg pomparing oil,
high latent heat compared to hot water. Steam bpsalility of storing a very high amount of heat arah supply a
constant temperature during the time of condensaliberefore, industries prefer to use steam ratiar hot water or oil

for heat transfer mechanism.
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In any industry, the heat loss takes place dubdcsteam wastage by several reasohere are several studies,
which suggested that approximately 3'of energy wastage is due to the steam loss.liferature, only a few papers ¢
present that deals with the design optimizatioradboiler for efficiency improvement. This reseagap makes this

research essential towards the energy efficienection

Types of Boilers
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Figure 1: Different Types of Boilers.

Boilers areused in many applications with different efficieggibased on their manufacturers. In fact, type
materialseffect on the percentage of efficiencies due toltisses occi, such as radiation loss. The fuel incomplete
combustion as well has a vital rdle decreasing the efficiencies and it depends on trgopm that had been burned
complete combustion; ¢hless fuel consumed the more efficiency will deta & Koppejan, 2012). The basic purpose i
boiler is to convert chemical energy into thermaérgy, which is achieved in two fundamental proesss the boiler
First, the fuel is mixed with an appnigte amount of oxygen to allow for a sustained lsostion. The heated gases fr
the combustion process are then used to transfeh#rmal energy to a fluid or steam (Oland, 200REre are two type
of boiler, generally; firdube and water tube bers. The classification of boiler is differentiatedder “higt-pressure” or
“low pressure” and “steam boiler” or “hot water leoi. For boilers that operate larger than 15 pamig called “hig-
pressure” boilers (Thielsch & Cone, 1994). A hottavaboiler, usually called a fudired hot water heater, strict
speaking, is not a boiler. Due to its similaritiesa steam boiler in many ways to a steam boiertérm “hot water bcer”
is used.

» ‘High temperature hot water boile- temperature > 250° Fagnheit or pressures >160 [
» ‘Low temperature hot water boile- temperature < 250° Fahrenheit or pressures
» <160 psig

Fire Tube Boiler

Fire Tubewhich contains long steel tubes through which tbedasses from a furnace f, and around which the water
to be converted to sam circulates. (Refer Figu2). Fire tube boilers, typically have a lower initiadst, are more fue
efficient and easier to operate, but they are &thigenerally to capacities of 25 tons/hr and pres of 17.5 kg/cm2. Fire
tube boiler consists of a vertical, cylindrical Bhequipped with a fire box in the bottom, watease in the middle pdon

and steam space in the upper portion. The fireegsaplaced at the bottom of the fire box and ds fired at the fire box.

Impact Factor (JCC): 6.0742 NAAS Rating 3.30
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An ash pit is located at the bottom of the grateditect the ash of burnt coal, which is periodicaémoved.
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Figure 2: Schematic of a Fire Tube Boiler (M. Faizhet al. 2009)

One or more cross tubes are either flanor riveted to the water spadecated in the fire box to increase 1
heating surface area to improve the water ciramaA short chimney is connected at the top of the iioz to discharg
the waste anflue exhaust gases at some greater height. ole and hand holes are provided for cleaning tterior of
the boiler shell and cross tubes. The boiler ctm%i$ a pressure gauge, water level indicator,tgafelve, steam sto
valve and a manhole as mountings to provide safety ease of workin¢Fuel burns on the grate in the fire box. -
resulting hot flue gases are allowed to pass ardghadccross tubes. The water surrounding the cytatifire box alsc
receives heat by convection and radiation. Thuearstis produced. The water circulatin the boiler depends on the
density difference in water, created by the tentpeeadifference in water (Sarkar, 20:

Table 1: Experimental Results for the Boiler Efficency Test
(R.D. Gupta, et al. 2011)

4

Major heat loss factors Heat loss in Percentage
(kJ/kg) coal heat loss

Dry flue gas 1328.53 5.93
Moisture present in boiler fuel 256.03 1.14
Meisture present due to the hydrogen burning 843.47 3.77
Combustion in refuse 1347.03 6.03

Formation of carbon monoxide 17.62 0.0785
Moisture present in combustion air 56.65 0.255
In the bottom ash presence of sensible heat 92.11 0.41
Heat loss due to the radiation and convection 0.7
Heat loss due to blow down 0.7

Total loss

19.015%

A general boiler efficiency ranges frc20%92%, and it completely depends upon the applicaifcthe boiler a:

well as the used boiler type. For different b, this efficiency range varies for example, boildicgéncy of coal fired is

in the range of 81% 85%, oil fueled boiler efficiery is in the range of 78%81%, and gas fueled boiler efficiency is
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the range of 76981%. The efficiency of boiler reduces in case obmpmaintenance. Sometin, the efficiency reduced
more than 30% from the practical boiler efficienalyen the mainteance of the boiler is not properly performed or ng:

maintenance program is selected.

In this study,researcher has used various energy efficiency ans and certain boiler design optimization

improve the efficiency of a boiléR.D. Gupta, et al. 211).

7

%age Heat Loss
N w ESy (4} »

Dryfiue Moisture  Moisture Combustibles Formation Moisture in  Sensible

gas in fuel from in refuse of CO combustion heatin
buming air Bottom Ash
hydrogen

B Before implementing Energy Conservation Techniques
| After implementing Energy Conservation Techniques

Figure 3: Outcomeof an Experimental Results forMinimizing
the Heat Lossby using Various Energy Efficiency Technique
Implementation (R.D. Gupta, et al. 2011).
The energy efficiency approach to improve the bodéiciency is found to be suitable for few casmdy
including dry flue heat loss, combustible in refbsat loss. In othecasesthe applied energy efficiency techniques are

showing significant improvemerds shown in figur3
RESEARCH METHODOLOGY

A total sample of (100) filled questionnaires weodlected. All incomplete responses were deletéd dollected data we
analyzed using (SPSS v.25) program: "Statisticek&ge for Social Scienc", as follow: Exploratory Factor Analysis (EF.
according to principle component method useidentify the main factoraffecting the boiler efficiencand confirmatory
factor analysis (CFA) in AMOS v.25 used to confitinis factor, Cronbach’s alpha u: to determine the reliability for tt
factors out from factor analysiBescriptive statistics used to describe the basitufes of the total in the study (100), suc
frequencies, Percentages, Mean and Stander Devidtidh large enough sample si (> 30 or 40), the violation of tt
normality assumption should not cause major probléPallant J; 2007); this implies that we can ws@metric procedure
even when the data are not normally distributetioEAC, Woodward W; 2007). If we have sarnrs consisting of hundreds
of observations, we can ignore the distributiorthef data according to the central limit theorentr{@n DG, Bland JM

1995); therefore T independent sample test were tasénd the difference in the five factors acdogito job.
RESEARCH OBJECTIVES

The purpose of this research is to study the faaéfecting the boiler efficiency, and by optimigithe boiler design; w

it can be improved? A proper survey approach isl tisdulfil the requirements of this resea

» A survey on different boiler design parameters siglexaust temperature, steam flow rate, FAD faos isl

performed to identify which parameters are critfoalimproving efficienc

Impact Factor (JCC): 6.0742 NAAS Rating 3.30
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e To identify what are the factors, which are notueed on boiler design so far in the previous ltteeawork.

e To study the environmental conditions where thddpgiare used; Kuwait oil and gas industry as a.cas

» To study heat lost from boilers by flue gas losses

» To propose a new type of boiler to obtain highaigficy with cost saving by studying material praiesrand

type of fuel used or any other alternative sucklastrical boiler and condensing boiler.

» To optimize the operation of a boiler plant in Kutn@l and gas industry

Research Questions

* What is the main factors affecting the boiler efficy?

e Which component of the boiler design is requiredptimize to achieve maximum efficiency of the boi

Research Hypotheses

* There is no significant difference in the reusé@ét as a factor, affecting the boiler efficienayoag participants

according to job.

» There is no significant difference in optimizatiohcombustion as a factor, affecting the boileicéghcy among

participants according to job.

Analysis and Findings

Demaographics data for participants (N=100), shdws 51% of the participants were technical whil&ed®ere engineers, the

highest group 52% were 45 to 55 years old, 49%nhester degree, 42% had six to ten years as experden 30% working in

steel industry. Table 2

Table 2: Demographic Characteristics (N=100)

Demographics Characteristics N %
Job Engineer 49 49%
Technical 51 51%
24- 44 years 22 22%
Age 45- 55 years 52 52%
Over 55 years 26 26%
Bachelor 32 32%
Education Level Master 49 49%
PhD 19 19%
1 -5 years 18 18%
How much professional experience do you ha- 10 years 42 42%
> 10 years 40 40%
Oil and gas industr 16 16%
Chemical industry 19 19%
In which type of industry you are working?  |Food industry 15 15%
Steel industry 30 30%
Cement industry 20 20%

Table shows that 64% of the participants use Midgthorizontal/ vertical boiler as a fire tube boilwhile 57%

use single tube horizontal/ vertical boiler as dewtube boiler. Table 3

www.iaset.us
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Table 3:Types of Fire/Water Tube Boiler used in Indistry

What type of fire tube boiler youlSingle tube horizontal/ vertical boiler 36 36.0
have used in your industry?
Multitube horizontal/ vertical boiler 64 64.0
Total 100 100.0
What type of water tube boiler y{Single tube horizontal/ vertical boiler 57 57.0
have used in your industry? Multitube horizontal/ vertical boiler 43 43.0
Total 100 100.0

Types of boilers used in indutries

SINGLE TUBE HORIZONTAL/ MULTITUBE HORIZONTAL/ | SINGLE TUBE HORIZONTAL/ MULTITUBE HORIZONTAL/
VERTICAL BOILER VERTICAL BOILER VERTICAL BOILER VERTICAL BOILER

WHAT TYPE OF FIRE TUBE BOILER YOU HAVE USED IN | WHATTYPE OF WATER TUBE BOILER YOU HAVE USED IN
YOUR INDUSTRY? YOUR INDUSTRY?
(]

Figure 4: Ranking Results for the Types of Boilersised in Industries.

When participants asked about the rank of compooktite boiler design which required to optimizeatthieve
maximum efficiency of the boiler, on scale 1 toeSults are found as shown in figure 4 In this saaek 5 was given to
the most required and rank 1 is given for leastireq. Among the various parameters, pre-heaterttadighest mean
score 3.06 with stander deviation 1.45. Seconddsighating was given to the boiler feed with meadb3and stander
deviation 1.38. Third highest rating was givenhe variable frequency drive (VFD) with mean 2.88 atander deviation
1.42, then the economizer with mean 2.83 and stashel@ation 1.43, followed by the least rank fluesdan/ combustion

fan with mean 2.80 and stander deviation 1.50 awslin figure Table 4 given below.

Table 4: Ranking given to Various Factors for Boile Efficiency Improvement

1 25 19 25 18 29
2 20 23 16 19 17
3 18 13 20 22 19
4 21 23 24 22 15
5 16 22 15 19 20
Mean 2.83 3.06 2.88 3.05 2.80
St.D 1.43 1.45 1.42 1.38 1.50

The results mentioned in the above Table 4, thieieficy of a boiler design can be improved by ofting the
design of a pre-heater, economizer, and variablguincy drive boiler. Flue gas and fan combustiertlze least affecting
factor. Therefore, the main focus should be towdh#gsdesign optimization of pre-heater and econemimd variable

frequency driver.

Impact Factor (JCC): 6.0742 NAAS Rating 3.30
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Mean Rank

ECONOMIZER PRE-HEATERVARIABLE FREQUENCY DRIVE (VFD)BOILER FEEDFLUE GAS FAN/ COMBUSTION F,

Figure 5: Mean Rank of Various Boiler Components.

When participants asked about the rank of mairofaaif the boiler efficiency, on scale 1-5, suchiaask 5 is the
highest factor and rank 1 will represent leastdadrReuse of heatwas found with the highest mean score 3.10 with
stander deviation 1.35 that suggested that thebefficiency would affect more significantly byuse of heat. Another
parameter that had high mean was tile@tment of the water with mean 3.07 and stander deviation 1.29. It ssigge
after the reuse of heat, water treatment was sesigmificant factor that control the boiler effioiey. After these two
mentioned parameteimproving control methods was found with third highest mean 3.05 and standsiation 1.41.
The fourth highest mean parameter watimization of combustionwith mean 3 and stander deviation 1.40, followgd b
the least rankegular boiler maintenance and retrofitswith mean 2.97 and stander deviation 1.39 as givéime Table 5

Table 5: Ranking Results for the Boiler EfficiencyAffecting Parameters

1 14 17 15 21 21

2 23 26 17 14 17

3 24 18 32 23 24

4 17 18 18 23 20

5 22 21 18 19 18
Mean 3.10 3.00 3.07 3.05 2.97
St.D 1.35 1.40 1.29 1.41 1.39

Boiler efficiency affecting parameters

THE REUSE ORFEAMIZATION OF CONIBEISTMIENT OF THIFRRONEN G EERNTIHR BOHTER

|
Figure 6: Results for the Reuse of Heat Factor.

www.iaset.us editor @ aset.us



40 Faisal M SH F Alazemi & Mohd Radz Haji Che Daud

These results are plotted as shown in Figure 6herbaisis of mean value ranking for various pararmetet
affect the efficiency of a boiler. Highest meanuels obtained for ruse of heat in the boilerntticates that, to improve
the efficiency of a boiler is to use the releasedthsomehow. Another important factor is relaedhie combustion
process. It is required to improve the combustimtess so that the combustion efficiency can beakgd. This process
can be improved with the help of supplying suffitiair to the combustion chamber. Dirty water afféee boiler
efficiency by developing some soot on the boilerfate. It can also play an important factor whileilér design
optimization. There are various controlling methexists with the help of them combustion fan spestd,, can be
improved. Therefore, while optimizing the efficighof a boiler it must be considered. There is naldp boiler

maintenance is always required for improving thieb@fficiency.
Factor Affecting Efficiency of a Boiler

With the help of the collected data on responst@iquestionnaires answer, a pattern matrix isldpeed. Factor analysis
was performed with (1) as the Eigen value to imprthe strength of the factors. Using principal corment analysis as

extraction method, then, five factors were extrdetten the rotation converged in 5 iterations.

Out of the 20 items in the questionnaire, 5 iteneseacategorized as the first factor, 4 items uridetor 2, 3

items under factor 3, 5 items under factor4 andabke3 items under factor 5 as given in the téble

Table 6: Pattern Matrix for the Factor Analysis

Component
1234|565
Minimization of fuel consumption can help in impiog the boile 727
efficiency.
Reduction of exhaust temperature can improve tflerbo .822
efficiency.
Re-designing approach of pre-heater will be helfidoiler .488
efficiency.
A properly designed economizer will be useful ipnaving the .789
boiler efficiency by recovering heat and reusinigtier.
Improving the design of blowdown valve of the boill be .812
useful in heat recovering for improving the boidiiciency
Reduction slag carbon content can improve the befficiency. |.739
Operational improvement of boiler design can beeaed by .829
reducing the emission of carbon dioxide and nitrogeide
Flow rate of steam affect the boiler exhaust termafpee and 778
efficiency of boiler varies with flow rate.
Single burner and FD fans should be designed feidads and |.840
for this design specific air/fuel ratio can helpatthieve maximun
boiler efficiency
Using punching tubes and cleaning heat transféases will be |.707
useful in improving the boiler efficiency
To study the boiler efficiency, temperature gratiegtween the 775
feed water and water heat source can be an edgmraaneter.
Treating the water by filtration to prevent impig# or particulate .814
in the water is an important step in ensuring lafficiency.
Exchangers can be used to preheat feed water jilegps$oat the 910
boiler has less work to do.
New control method for water feed system such stsiling .926
\VFD’s and apply different valve control positioresnchelp to
improve the boiler efficiency and reduce the poe@rsumption.

Impact Factor (JCC): 6.0742 NAAS Rating 3.30
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Table 6 Contd.,

Improving the direct digital control method, carphim effective .988
range of firing in burner will help in boilers effency

improvement.

Boiler efficiency can improved by putting varialsigeed drive .946

controls on the feed pumps, so that the motornatirun above
the required speed at any given moment.

In operations requiring multiple boilers, the maes should be .983
optimized to work in tandem without using energguedantly.
Regular Boiler Maintenance accordance with manufact 917
guidelines, keeps boiler running smoothly and &ffidy.
The best kind of boiler depends on factors sudelsype, boile .876
model, and operating conditions.
Replacing or retrofitting an old boiler might beethest way to .870
reach efficiency targets.

Extraction Method: Principal Component Analysis.
Rotation Method: Promax with Kaiser Normalizatsn.
a. Rotation converged in 5 iterations.

The analysis extracted a five—factor solution, eaith Eigen values above one, which explains 71.%5f%he
total variance. The KMO was 0.76 indicating a nwerdus level based on Kaiser and Rice (1974) aadBtirlett’s test for
sphericity was significanty® = 1381.575, p = 0.00).The Measure of Samplingqdey (MSA) was found to be above
0.7 for all 20 items.

CONCLUSIONS

Among (100) participants, 49% were engineer and 5&e technical, 52% were (45 to 55) years old, 4%8b Master
degree and 42% had (6 to 10) years working in itidsistry, 64% of the participants use Multitubeibontal/ vertical
boiler as a fire tube boiler, while 57% use sinilee horizontal/ vertical boiler as a water tubddvd’re-heater had the
highest mean rank as a component of the boilegdesihich required optimizing to achieve maximurficgncy of the

boiler, and reuse of heat had the highest meanasugkmain factor of the boiler efficiency.
Suggested Future Work

In this research work, the design optimization apph for the boiler performance was studied with telp of a
guestionnaire based quantitative approach, butaditgtive study is still required to perform. Thitudy is for the steam

boiler design; the other boiler design can be donéhe future.
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