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Abstract 

Conventional energy sources are limited in the world and energy conservation is necessary nowadays. Thermal Efficiency 

improvement is necessary for saving fuel and energy cost, this paper presents an approach for the optimization of economizer 

design with increasing number of tubes which added an additional area for economizer. The aim of this work is to develop an 

economic study which finds the optimization of economizer design and to increase the amount of heat saving, in addition, decreased 

the volume of combustion product that leads to environmental pollution reduction, the finding shows boiler efficiency improved 

by 1% and the heat loss due to the exhaust gas was decreased compared by the old design. The new design shows the payback 

period is eight months also the amount of fuel (natural gas) saved equal 192096 m3 per year. So this new design is feasible and 

valid.                 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Boiler exhaust temperature extremely high ranges between 180-350OC [1]  this energy carry valuable energy which would 

otherwise be lost to the atmosphere, a large amount of heat energy is lost through boiler exhaust or flue gasses extremely  about 

10–20% of input energy may be lost through high-temperature flue gas[2], Therefore, we could enhance boiler efficiency by 

recovering part of the total heat content of flue gas. The recovered heat can be used to preheat combustion air, boiler feed water 

within the boiler, or as driving heat source for other purposes such as absorption chiller[3]. Economizer is the best method for 

recovering the waste heat in the flue gas and used them in preheating the feed water, the strategy of how to recover this heat 

depends in part on the temperature of the waste heat gases and the economics involved, If some of this waste heat could be 

recovered, a considerable amount of primary fuel could be saved. The energy lost in waste gases cannot be fully recovered, but 

with a well-designed economizer we can reduce the boiler fuel consumption by at least 5-10% For every 220 0C reduction in flue 

gas temperature by passing through an economizer or a pre-heater, there is 1% saving of fuel in the boiler. In other words, for 

every 6◦C rise in feed water temperature through an economizer, or 200C rise in combustion air temperature through an air pre-

heater, there is 1% saving of fuel in the boiler[4]. PATIL reported that "Economizers reduced the potential of thermal shock and 

strong water temperature fluctuations as the feed water enters the drum or water walls. Increasingly stringent environmental 

regulations limiting nitrogen oxides and sulfur dioxide emission can also affect with economizer design[5]. Our goal of economizer 

design is to achieve the necessary heat transfer at low cost. In our case, we take the economizer in the power plant called (Emisal-

salt production industry located in El-Fayme governorate, Egypt) as a case study, This economizer with its design recovers 5% of 

energy loss, by new design we can improving its efficiency and recover over 8% from the heat loss. 

II. METHODOLOGY AND STRATEGIES FOR ECONOMIZER DESIGN 

In the following section, the principles necessary for the selection, design, and manufacture of economizers are discussed.  

 Principles of Economizer Heat Recovery 

Flue gases leave a boiler stack at a temperature higher than the boiler feed water. The economizer permits the heat in the flue gases 

to be used to heat the feed water before it enters the boiler. The economizer consists of a bundle of heat transfer tubes placed inside 

the boiler stack. Feed water flows through the tubes while the hot flue gases circulate around them. [6] 

As heat is transferred from the hot flue gases to the colder feed water, the amount of heat transfer can be estimated as follows: [6] 

The Heat lost by flue gas E FG (kJ/hr) is equal to the Heat gained by feed water EW (kJ/hr) 

 E FG (kJ/hr.) = m FG. * C pf * (Tf1 -Tf2)                  Eq. (1) 

EW (kJ/hr.) = m w * C pw * (Tw2 - Tw1)                  Eq. (2) 

Where: 

Subscript f refers to flue gas and subscript w to feed water 
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Subscript 1 refers to the entering flow and subscript 2 to the existing flow 

m = mass flow rate (kg/hr.) 

Cp= specific heat (kJ/kg. ◦C) 

T = temperature (◦C) 

E FG = The Heat lost by flue gas (kJ/hr) 

EW = The Heat gained by feed water (kJ/hr.) 

Ew may be less than E FG due to some of this heat (1 to 5% maximum) being lost by the economizer surface. 

 The heated feedwater entering the boiler requires less heat to boil. Hence, the heat gained in the economizer directly reduces the 

fuel consumption of the boiler. The reduction in fuel cost can be estimated from the following relationship: 

Boiler Fuel Cost Saved (LE/hr) = 
𝐶𝑓𝑢𝑒𝑙 𝑥 𝐻𝑒𝑎𝑡 𝐺𝑎𝑖𝑛𝑒𝑑 𝑏𝑦 𝐹𝑒𝑒𝑑𝑤𝑎𝑡𝑒𝑟

𝐵𝑜𝑖𝑙𝑒𝑟 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
                      Eq. (3) 

Where:  

C fuel = cost of fuel (LE/kJ) 

 Economizer Design Considerations 

Factors that must be considered while designing, manufacturing or selecting an economizer are: 

 Performance 

The increase in feed water temperature across the economizer provides the best indicator of the economizer's performance [6]. The 

practical extent to which the feed water temperature can be increased is limited by several factors including flue gas temperature, 

steam pressure, economizer surface area and corrosion characteristics of flue gas. 

 The feed water temperature increase is directly related to flue gas temperature decrease the flue gas temperature decrease can 

be used to estimate overall boiler efficiency improvement. [6] 

Overall Heat Transfer Coefficient. 

The heat recovered by an economizer can be estimated from the expression: 

Heat Recovered = U * A * T mean                          Eq. (4) 

Where: 

U = overall heat transfer coefficient for a bare tube cross flow economizer. 

Typical values based on tube diameter are as follows (based on water flow velocities of 1.5 meters per second and flue gas velocities 

of 600 meters per minute). 

A = the surface area of the economizer. 

T mean = the mean temperature difference across the heat transfer area of the economizer.  

T mean can be calculated using the LMTD (logarithmic mean temperature difference). 

LMTD =  
𝑇𝑒𝑚𝑝.𝑑𝑖𝑓𝑓.𝑎𝑡 𝑖𝑛𝑙𝑒𝑡− 𝑇𝑒𝑚𝑝.𝑑𝑖𝑓𝑓.𝑎𝑡 𝑜𝑢𝑡𝑙𝑒𝑡

Ln (Temp.diff at inlet/Temp.diff.at outlet)
                   Eq. (5) 

 Flue Gas Temperatures. 

The higher the flue gas temperature, the lower the overall boiler efficiency. In this case, the potential for energy savings by using 

an economizer will be relatively higher. The lowest temperature to which flue gases may be cooled in an economizer is limited by 

the temperature at which condensation of water vapor in the flue gas occurs. Depending on the fuel composition, Consideration of 

the acid dew point will allow a proper design of a heat recovery system to be made. Therefore, allowable minimum exhaust 

temperature also depends on the fuel used in the boiler. Some allowable exit stack temperature is given in Table (1)  [7]. 
Table – 1 

Acid dew point for common fuel types[7] 

fuel Acid dew point temperature Allowable exit stack temperature(◦c) 

Natural gas 66 120 

Light oil 82 135 

Low sulfur oil 93 150 

High sulfur oil 110 160 

 Feed water temperature. 

The maximum feed water temperature at the exit of the economizer is usually maintained at about 5 to 10oC below the saturation 

temperature of the feed water [7].  This helps to prevent steaming, water hammer, and thermal shock. As an example, feed water 

at 10 bar. Will boil at 184 oC; therefore, it can be easily heated up to 179°C. This temperature limit is governed by the choice of a 

closed (pressurized) or an open loop system for the economizer. 

 Analysis of Economizer: 

The first case is the economizer in figure (1) which used when the boiler burn solar fuel, as there is a space between two bundles 

of tubes that used for cleaning the tubes by inducing fan inside this area but now the boiler used natural gas as a fuel so this area 

useless now. The second case in figure (2) is the economizer full with tubes as the fuel used is gas fuel. The Table 2 represent a 

real data for econcmizer from Emisal-salt production industry. Table 1 shows the geometric specification of economizer, while 

Table 4 and Table 5 are represent some other specifications considered in the analysis like flue gas specifications and feed water 

specifications. 



Boiler Efficiency Improvement and Energy Saving by Optimizing Economizer Design for Better Performance –Pre-Feasibility Study  
(IJSTE/ Volume 5 / Issue 8 / 006) 

 

 All rights reserved by www.ijste.org 
 

33 

 
Fig. 1: First case of economizer 

 
Fig. 2: Second case of economizer 
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Table – 3 

A real data for econcmizer from Emisal-salt production industry 

Flue gas inlet temp. into economizer 3250C 

Flue gas inlet temp. outlet economizer 1620C 

Feed water temp.  inlet economizer 1350C 

Feed water temp.  outlet economizer 1820C 

Table – 4 

Geometric specification of econcmizer 

specifications Dimension 

Length (shell) 3274mm 

Width (shell) 100mm 

Height (shell) 2400mm 

Diameter of tubes 38mm 

material ASTM A106 Gr A C=0.23% 

Distance between rows 1000mm 

Economizer make & year Italy, 1991 

Number of rows 8 

Number of columns 11 

Design pressure 63 bar 

Working temperature max 285◦C 

Table – 5 

Flue gas specifications 

Mass flow rate 3000 kg/hr. 

Specific heat 10.5 kJ/kg0C 

Thermal conductivty 0.00046 kw/mk 

density 1.337 kg/m3 

viscosity 0.101 kg/mh 

Table – 6 

Feed water specifications 

Mass flow rate 35 kg/ hr 

Specific heat 4.18 kJ/kg -°c 

Thermal conductivty 1 kcal/m-hr-°c 

density 920 kg/m3 

III. THE PRE-FEASIBILITY STUDY: 

The pre-feasibility study for the suggested  new economizer in the following,  for calculating the payback period we need to 

calculate the cost of establishing new tubes and its total price than the calculation of saving as following: 

 The Cost Calculation: 

The total area of the new economizer is equal the total length multiply in the numbers of columns, 𝜋 and the outer diameter = 𝜋 ∗
D ∗ L ∗ N =105.19 m2 

The old area = 87.684 m2 

That means we added 17.506 m2 

A new= 1.20 A old 

Elements of cost can divide to the following: 

 Equipment Costs: The cost of tubes. 

 Planning Costs: Installation cost such as manpower 

 The amount of heat recovered: 

 Heat Recovered = U * A * T mean 

 T means the mean temperature difference across the heat transfer area of the economizer. T mean can be calculated using the LMTD 

(logarithmic mean temperature difference) 

U:  the overall heat transfer coefficient for a bare tube cross flow economizer 

Heat lost by flue gas (kJ/hr.) = m FG * C pf * (Tf1 -Tf2), 

Heat gained by feed water (kJ/hr.) = mw * C pw * (Tw2 - Tw1) 

First case: 

Tempe. Of flue gas entire economizer =3250C  

Temp. Output =162 0C 

Temp. Of water entire= 1350C  

Temp. Output =182 0C 

T mean can be calculated using the LMTD (logarithmic mean temperature difference). 
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LMTD =  
𝑇𝑒𝑚𝑝.𝑑𝑖𝑓𝑓.𝑎𝑡 𝑖𝑛𝑙𝑒𝑡− 𝑇𝑒𝑚𝑝.𝑑𝑖𝑓𝑓.𝑎𝑡 𝑜𝑢𝑡𝑙𝑒𝑡

Ln (Temp.diff at inlet/Temp.diff.at outlet)
                   Eq. (5) 

Temp. Diff. at inlet =143 OC 

Temp. Diff. at outlet =27 OC 

∆T mean1 =
143−27

ln
143

27

    =69.59 

Heat gained by feed water (kJ/hr.) = mw * C pw *(Tw2 - Tw1) 

Heat gained by feed water =35*4.186*(182-135) =6885970 kJ/hr. 

6885970= U * A1 * T mean 

6885970= U*87.684*69.59 

U=1128.490 (overall heat transfer coefficient U) 

For a new case: 

Temp. of flue gas entire the economizer= 325 0C  

Temp. of flue gas Output the economizer =80 0C 

Temp. of water entire the economizer = 1350C. 

Using Eqs. (1) and (2) to calculate T2, the Temp. of output water of the economizer as: 

Heat lost by flue gas (kJ/hr) = m fg * C pf * (Tf1 -Tf2) 

Heat lost by flue gas= 3000*2.1*10.5*(325-80) =16206750 kJ/hr. 

16206750= (T2-135)*4.18*35000 

T2= 245 ֯ C 

Temp. Diff. at inlet =80 OC 

 Temp. Diff. at outlet =55 OC 

∆T mean2 =
80−55

ln
80

55

    =66.72 

Heat Recovered = U * A2 * Tmean2 

Heat Recovered=1128.490*105.19*66.72=7920055 kJ/hr. 

Heat saved=7920055-6885970=1034085 kJ/hr. 

Amount of fuel saved=
1034085

38755.000
=26.68 m3 of natural gas /hr. 

Yearly working hours, hr. /year= 7200(hr. /year) 

Amount of fuel saved per year= 26.68*7200=192096 m3/year. 

If the price of m3 of fuel (natural gas) 2.75 LE/m3. [8] 

The money saved per year=192096*2.75=528264 LE/yr. 

 The Saving Cost Calculation: 

Here, we shall assume that the suggested design will improve boiler efficiency by 1%, so the consumption of fuel will be decreased 

by 1% also. 

The cost calculation of installation additional tubes of economizer in table 6: 
Table – 7 

the cost calculation 

S.N Input & output components quantity Total cost, LE 

1 Tubes of ASTM A106 Gr A C=0.23% 315.204 meter 750,000 

2 Installation 

1) An engineer 

2) Technicians. 

3) Truck. 

4) Welding tools. 

 

1*(One week) 

3*(One week) 

1*(One week) 

1*(One week) 

 

20000 

3*6000 

6000 

6000 

Total cost, (C total) LE.                                              =      800,000 LE 

The cost of new economizer= 800000 LE 

Payback period= 
528264

800000
=0.66*12= 8 month 

IV. CONCLUSION  

Hence from the analysis, it is found that the heat transfer rate has been enhanced by providing the new area in case 2. There is a 

significant increase in heat transfer rate. And this heat energy is transferred to water flowing in the tube. So in this way, we 

experience increased heat transfer and increase fuel saving by 1 %, this also will give maximum boiler efficiency. 

REFERENCES 

[1] Johnson, I., W.T. Choate, and A. Davidson, Waste heat recovery. Technology and opportunities in US industry. 2008, BCS, Inc., Laurel, MD (United States). 
[2] Saidur, R., J. Ahamed, and H. Masjuki, Energy, exergy and economic analysis of industrial boilers. Energy policy, 2010. 38(5): p. 2188-2197. 



Boiler Efficiency Improvement and Energy Saving by Optimizing Economizer Design for Better Performance –Pre-Feasibility Study  
(IJSTE/ Volume 5 / Issue 8 / 006) 

 

 All rights reserved by www.ijste.org 
 

36 

[3] Barma, M., et al., A review of boilers energy use, energy savings, and emissions reductions. Renewable and Sustainable Energy Reviews, 2017. 79: p. 970-

983. 
[4] Project, E.C.a.E., Improving Combustion Efficiency. 2nd edition ed. 1996, Egypt, USAID Project, 

[5] Patil, A., M. SABLE, and S. Barme, To optimize economizer design for better performance. New aspects of Fluid Mechanics, Heat transfer and Environment 

ISSN, 1792. 4596. 
[6] RCG/Hagler, B., Inc., WASTE HEAT RECOVERY. November 1990, Washington, D.C. U.S.A.: Energy Conservation and Efficiency Program (ECEP):. 

[7] Jayamaha, L., Energy-Efficient Building Systems: Green Strategies for Operation and Maintenance: Green Strategies for Operation and Maintenance. 2006: 

McGraw Hill Professional. 
[8] www.egypttoday.com/Article/3/.../Egypt-raises-natural-gas-prices 


