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Assignment scope: a literature-based overview of boiler construction, working, performance, safety, maintenance 

and energy efficiency. No measured results are claimed because verified nameplate and operating data for the 

specific unit were not provided. 

Prepared for academic study. Students should verify local boiler regulations, manufacturer instructions and site operating procedures before 

applying technical guidance. 

 

Abstract - This paper presents a literature-based study of an industrial Combipack steam boiler for 

a Diploma in Mechanical Engineering assignment in Power Plant Engineering. It explains the 

purpose of a packaged boiler, the basic steam-generation process, major components, performance 

indicators, fuel and water considerations, operating practices, maintenance needs, and safety 

controls. The discussion draws on publications from the Bureau of Energy Efficiency (BEE), the 

U.S. Department of Energy (DOE), and the Federal Energy Management Program (FEMP). The 

exact model, rated pressure, steam output, fuel, and operating readings of the unit under study have 

not been independently verified. Therefore, the paper does not claim a measured efficiency, fuel 

saving, or performance test result; it provides the method and data requirements needed for a future 

site-based assessment. 

1. INTRODUCTION 

Steam is widely used in process heating, cleaning, sterilisation, humidification and power generation. A 

boiler transfers heat released by fuel combustion or another heat source to water, producing steam at a 

required pressure and temperature. Industrial boilers are commonly integrated with burners, feedwater 

systems, controls and safety devices to provide a compact package. The term “Combipack” may be a 

manufacturer or product-family designation; the exact construction and rating must be confirmed from 

the installed unit’s nameplate and manual rather than assumed from the name alone. 

The objective of this report is to explain the working and engineering considerations of a packaged 

steam boiler using reliable published references. It also identifies the site data required to assess a 

particular boiler scientifically. 

2. OBJECTIVES AND METHODOLOGY 

The objectives are to: (i) describe the basic steam-generation cycle; (ii) identify common boiler 

components and their functions; (iii) explain efficiency and performance calculations; (iv) summarise 

operation, water treatment, maintenance and safety practices; and (v) prepare a checklist for collecting 

real operating data. 

Methodology: secondary research was carried out using technical guidance published by BEE and 

DOE/FEMP. These references describe general boiler and steam-system principles. They are not a 
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substitute for the specific boiler’s operating manual, nameplate, statutory inspection records or 

measured site data. 

3. OVERVIEW OF A PACKAGED STEAM BOILER 

A packaged boiler is supplied as a coordinated assembly, typically including a pressure vessel, burner 

or combustion system, controls and selected auxiliaries. Packaged designs can reduce installation work 

and simplify integration, but configuration varies by manufacturer, capacity and fuel. Common industrial 

designs include fire-tube and water-tube boilers. In a fire-tube boiler, hot combustion gases pass through 

tubes surrounded by water; in a water-tube boiler, water flows through tubes heated externally by 

combustion gases. The actual design of the particular Combipack unit should be confirmed from its 

documentation. 

The boiler’s main duty is to deliver steam at the required pressure and flow while maintaining safe 

combustion, acceptable water chemistry and reliable control. The boiler is only one part of a steam 

system: fuel supply, feedwater treatment, condensate return, distribution piping, steam traps and end-

use equipment all affect total system performance. 

4. MAIN COMPONENTS AND THEIR FUNCTIONS 

Boiler pressure vessel and heating surface: contain water/steam and provide the heat-transfer area. Burner 

and fuel train: mix fuel and air, ignite the mixture and regulate heat input. Forced-draught fan, where 

fitted: supplies combustion air. Feedwater pump: delivers treated water to the boiler against its 

operating pressure. Water-level controls: maintain water within the permitted range and initiate 

protective actions where required. Pressure gauge and pressure controls: indicate pressure and regulate 

operation. Safety valve(s): protect against excessive pressure and must not be isolated or adjusted except 

under authorised procedures. Blowdown connections: remove concentrated dissolved solids and sludge 

under controlled conditions. Flue and stack: discharge combustion products. Control panel and 

interlocks: monitor operating conditions and stop unsafe sequences. Depending on the model, additional 

equipment may include an economiser, deaerator, water softener, chemical dosing system or condensate 

tank. 

5. WORKING PRINCIPLE 

In a typical fuel-fired packaged boiler, the burner receives fuel and combustion air. The fuel burns in 

the furnace, releasing thermal energy. Hot gases transfer heat to the boiler heating surfaces, warming 

the water until steam is generated. Steam collects in the steam space or outlet system and is delivered to 

the process through controlled piping. Feedwater replaces the water converted to steam, while water-

level controls help maintain safe inventory. Blowdown removes a portion of boiler water to control 

dissolved solids and suspended matter. 

A simplified energy path is: fuel chemical energy  combustion heat  heat transfer to water  steam 

energy  process use. Some energy leaves with hot flue gas, radiation and convection from the boiler 

casing, blowdown, and incomplete combustion. Good operation seeks to minimise avoidable losses 

while respecting manufacturer limits and safety requirements. 

6. BOILER PERFORMANCE AND EFFICIENCY 

Boiler efficiency is the ratio of useful heat transferred to the water/steam to the energy supplied by the 

fuel, expressed as a percentage. Two common assessment approaches are the direct method (input-

output) and the indirect method (heat-loss method). The selected method requires consistent 

measurement boundaries, reliable instruments and representative operating conditions. 

Direct method:  = (■s × (hs  hfw)) / (■f × GCV) × 100, where ■s is steam mass flow rate, hs is specific 

enthalpy of produced steam, hfw is feedwater specific enthalpy, ■f is fuel mass flow rate and GCV is the 

gross calorific value of the fuel. Use consistent units. If steam quality, pressure, temperature or feedwater 

conditions are unknown, the result cannot be calculated reliably. 
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Indirect method: boiler efficiency (%) = 100  total percentage heat losses. Relevant losses may include 

dry flue-gas loss, water-vapour loss from fuel hydrogen and moisture, moisture in fuel, incomplete 

combustion, unburned fuel, blowdown and external radiation/convection. The applicable calculation 

procedure and assumptions should follow the chosen BEE assessment guidance. 

No numerical efficiency is reported here because verified fuel consumption, steam flow, steam 

pressure/temperature, feedwater conditions and fuel calorific value for the specific unit were not 

supplied. Inventing these inputs would make the result invalid. 

 

Important: Use a consistent set of units and a recognised test procedure; do not combine incompatible 

measurements. 

 

7. FUEL, COMBUSTION AND FLUE-GAS CONSIDERATIONS 

Efficient combustion requires an appropriate relationship between fuel flow and combustion air. Too 

little air can cause incomplete combustion and potentially hazardous carbon monoxide; excessive air 

increases the quantity of flue gas heated and discharged, increasing stack losses. Burner adjustment 

should be carried out by competent personnel using approved procedures and suitable combustion 

instruments. Fuel properties, burner condition, cleanliness of heating surfaces and load variation all 

influence performance. 

Useful measurements during a planned assessment can include fuel flow, flue-gas temperature, oxygen 

or carbon-dioxide concentration, carbon monoxide where appropriate, ambient temperature and boiler 

load. Measurements should be taken at stable operating conditions and recorded with instrument details 

and calibration status. 

8. FEEDWATER QUALITY, BLOWDOWN AND CONDENSATE RETURN 

Water treatment is essential because scale, corrosion and deposits reduce heat transfer and can damage 

pressure parts. Treatment may include filtration, softening, reverse osmosis or other processes 

depending on raw-water quality and boiler requirements. Chemical treatment and blowdown must be 

managed according to water-analysis results, manufacturer instructions and applicable standards. The 

required limits depend on pressure, boiler design and the treatment programme; generic values should 

not be substituted for the site’s approved limits. 

Blowdown controls the concentration of dissolved solids and removes sludge, but excessive blowdown 

wastes hot water and energy. Returning clean condensate can reduce fresh-water demand, chemical use 

and the energy required to heat make-up water. Condensate should be checked for contamination 

before return to the boiler system. 

 

9. OPERATION, MONITORING AND SAFETY 

Before start-up, authorised operators should complete the approved checklist, verify water availability 

and level, confirm that fuel and air systems are in the correct condition, check that required valves and 

instruments are serviceable, and ensure protective interlocks are available. Start-up and shutdown must 

follow the manufacturer’s sequence and the site’s written operating procedure. Operators should not 

bypass trips, defeat interlocks, force safety valves, or open pressurised equipment. 

During operation, record pressure, water level, feedwater condition, fuel use, steam demand, alarms, 

blowdown and any abnormal sound, vibration, leakage or smoke. High pressure, low water level, flame 

failure, abnormal combustion and feedwater problems can create serious hazards. Boiler operation, 

inspection, certification and attendance requirements are jurisdiction-specific; in India, the applicable 

boiler legislation and state boiler authority requirements must be followed. Only suitably qualified and 

authorised personnel should perform regulated duties. 
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10. MAINTENANCE AND TROUBLESHOOTING 

A preventive-maintenance programme should be based on the manufacturer’s instructions, statutory 

requirements and operating history. Typical tasks include checking burner and flame safeguards, cleaning 

heating surfaces when indicated, inspecting refractory and seals, checking pumps and motors, testing 

alarms and trips, inspecting gauges and controls, maintaining water-treatment equipment, and 

examining feedwater and fuel systems. Pressure parts and safety devices require inspection and testing 

by authorised personnel under the applicable rules. 

Common symptoms and possible areas for investigation include: rising flue-gas temperature (fouling, 

scale or load changes); unstable water level (control, feed pump or level-sensing issue); poor combustion 

(burner condition, fuel quality or air adjustment); frequent blowdown (water chemistry or control 

practice); and steam pressure instability (load swings, control settings or inadequate capacity). These are 

diagnostic starting points, not instructions to alter safety-critical equipment without authorisation. 

11. ENERGY CONSERVATION OPPORTUNITIES 

Potential improvement measures include regular combustion tuning, cleaning heat-transfer surfaces, 

repairing steam leaks, maintaining steam traps, insulating hot surfaces, optimising blowdown using 

water-chemistry guidance, returning suitable condensate, reducing unnecessary steam demand and 

evaluating an economiser where technically and economically justified. Insulation and steam-

distribution improvements can reduce system losses even when the boiler itself is operating properly. 

Each measure should be assessed using measured baseline data, expected savings, installation cost, 

safety and maintenance requirements. Savings should not be claimed without a documented 

calculation or post-implementation measurement. 

12. SITE DATA REQUIRED FOR A CASE STUDY 

To convert this literature review into a study of the actual boiler, collect the following from authorised 

records: manufacturer and model; serial number; rated steam capacity and units; design and operating 

pressure; fuel type; burner rating; fuel consumption; steam flow; steam pressure and temperature; 

feedwater temperature; feedwater and boiler-water test results; blowdown rate; flue-gas temperature and 

composition; operating hours; load profile; maintenance history; and calibration details for instruments. 

Do not publish confidential serial numbers or sensitive plant information without permission. 

Recommended table for fieldwork: Parameter | Value | Unit | Source/Instrument | Date/Operating Load. 

Enter “not available” where data cannot be verified. If a performance test is conducted, state the test 

method, assumptions, uncertainty and measurement period. 

 

Parameter Value Unit / source 

Rated steam capacity Not supplied Nameplate / manual 

Operating pressure Not supplied Gauge / log sheet 

Parameter Value Unit / source 

Fuel consumption Not supplied Meter / records 

Steam flow Not supplied Flow meter / records 

Feedwater temperature Not supplied Thermometer / records 

Flue-gas readings Not supplied Combustion analyser 
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13. DISCUSSION 

The literature indicates that boiler performance depends on the complete steam system rather than a 

single component. Combustion control affects fuel use and flue-gas losses; water chemistry affects heat 

transfer and reliability; blowdown and condensate return influence water and energy consumption; and 

preventive maintenance supports safe operation. A packaged design can simplify installation, but it does 

not remove the need for competent attendance, inspections, correct water treatment or measurement-

based optimisation. 

For the specific unit discussed in this assignment, the available information is insufficient to confirm 

rated capacity, operating pressure, fuel consumption or efficiency. These are not minor omissions: they 

determine the validity of performance calculations and any conclusions about cost or energy savings. 

14. CONCLUSION 

This report has summarised the construction, working principle, components, performance calculations, 

water treatment, safety, maintenance and energy-conservation practices relevant to an industrial 

packaged steam boiler. Published BEE and DOE/FEMP resources provide a foundation for 

understanding boiler and steam-system efficiency. The next step for a unit-specific study is to verify the 

installed boiler’s nameplate and manual, then collect reliable operating and water-quality data under 

approved procedures. Until such evidence is available, no measured efficiency or savings should be 

claimed. 
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Appendix A: Suggested Observation Sheet 

Record date/time, boiler load, steam pressure, steam temperature (if applicable), feedwater temperature, 

fuel consumption, feedwater flow, steam flow, flue-gas temperature, oxygen/CO■ reading, 

blowdown status, water-treatment results, alarms, and operator remarks. Record instrument 

identification and units. Take readings only when authorised and without interfering with safe operation. 

Appendix B: Limitations 

This document is a literature-based academic draft, not a certified inspection report or operating 

instruction. The exact Combipack model and site conditions were not independently verified. No 

original test data, drawings, nameplate photograph or manufacturer manual was provided. Therefore, all 

unit-specific values and measured performance results remain to be supplied by the student from 

authorised records. 
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