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FIRST YEAR

HOTEL ENGINEERING SOLUTIONS

Q1: 
Organisation chart of maintenance department:
Typical Organisation Chart of Maintenance Department








Q2: 
Duties of Chief Engineer (Maintenance)
Duties and responsibilities of Chief Engineer of Maintenance Department

(Changing from a FAIL and FIX Approach to a PREDICT and PREVENT Approach)

The care and operation of the physical assets (plant/equipment/machines) is largely the responsibility of the head of maintenance dept i.e. the Chief Engineer. This would include Inspection, Maintenance, Engineering, Repair, Overhaul, Construction and Salvage of the complete plant system. The duties are:

a. To keep plant and machinery in proper working condition and reduce breakdown.

b. To make sure that the services from plant and machinery are smooth and uninterrupted.

c. All customers’ requirements are properly taken care of.

d. To obtain maximum return on the investments incurred upon plant and machinery.

e. The safety of hotel guests / employees is assured.

f. The normal working life of equipment is extended

g. The total system is ready to meet any emergent conditions.

h. The throughput /output of the entire system is enhanced thus increasing efficiency.

i. Wasteful expenditure incurred during breakdown is reduced.

j. Customer satisfaction is achieved by providing continuous services.

Q3: 
What are the types of fuses?

Fuse—An over-current protective device with a circuit-opening fusible part that is heated and severed by the passage of over-current through it. A fuse interrupts excessive current (blows) so that further damage by overheating or fire is prevented. Overcurrent protection devices are essential in electrical systems to limit threats to human life and property damage. Fuses are selected to allow passage of normal current and of excessive current only for short periods.

The types of fuses are:

	Kit-Kat or 

Porcelain re-wireable 

fuse
	A fuse (Kit-Kat fuse)consists of a metal strip or wire fuse element, of small cross-section compared to the circuit conductors, mounted between a pair of electrical terminals, and (usually) enclosed by a non-conducting and non-combustible porcelain housing.

	HRC fuse
	A High Rupturing Capacity (HRC) fuse is a fuse that has a high breaking capacity (higher kA Rating). The minimum fault value for an HRC fuse is 80kA.

	Round type fuse
	This is made of porcelain or bakelite having two separated wire terminals for holding the fuse wire between them

	Cartridge type fuse
	In this type the fuse wire is enclosed in a bulb or case of insulating material. In case the fuse blows, the cartridge has to be replaced with a fresh one. 


Q4: Safety precautions while dealing with electricity.
Electrical safety depends on three levels:

1. The electrical system, including the connection, the switchboard with electrical protections, and the cables, switches and sockets.

2. The electrical appliances that used in the hotel.

3. The awareness of electrical safety among staff.

1. A safe electrical installation

A high quality hotel electrical system can: a) protect the guests and staff against the risks of using unsafe appliances; for example by including an over current protection, a residual current device, and a correct earthing system. b) Stimulate the employees to make use of the installation in a correct way; e.g. by providing enough sockets so that they don’t feel the need to use adapters. The electrical installation should be designed in such a way that it is safe in itself, no matter how it is used. E.g. it should include separate circuits for higher power appliances, sufficient cable diameters, and an over-voltage protection.

2. A safe design of electrical appliances

By imposing certain standards of safety to the design and manufacturing of appliances. Those standards can for instance describe correct ways of earthing, the use of high quality materials, a shock- and water-proof design, etc. 
3. The human factor

Bad habits like hiding extension cables under carpets, the multiple usages of adapters, or the usage of unsuitable electrical equipment in the bathroom, have been causes of electrocution or fire. Information campaigns can raise awareness among hotel staff and change their behaviour. 
Q5: 
Methods of heat transfer:
Conduction: (Mainly seen in solid materials)Regions with greater molecular kinetic energy will pass their thermal energy to regions with less molecular energy through physical contact, a process known as conduction. Heat conduction is the transfer of thermal energy between regions of matter due to a temperature gradient. It is a property of the matter and greater is heat conducted when greater is the Thermal Coductivity. Heat spontaneously flows from a region of higher temperature to a region of lower temperature, till thermal equilibrium is reached. To distinguish conduction specifically, it should be stated that the heat flows through the region of matter itself, as opposed to requiring bulk motion of the matter as in convection. Conduction takes place in all forms of matter, viz. solids, liquids, gases and plasmas, but does not require any bulk motion of matter. In solids, it is due to the combination of vibrations of the molecules with the energy transported by free electrons. In gases and liquids, conduction is due to the collisions and diffusion of the molecules during their random motion.
Convection: (Mainly seen in liquids and gases) When heat conducts into a static fluid it leads to a local volumetric expansion. As a result of gravity-induced pressure gradients, the expanded fluid parcel becomes buoyant and displaces, thereby transporting heat by fluid motion (i.e. convection) in addition to conduction. Such heat-induced fluid motion in initially static fluids is known as free convection.

Convection is the movement of molecules within fluids (i.e. liquids, gases) . It cannot take place in solids, since neither bulk current flows nor significant diffusion can take place in solids.

Radiation: (All materials radiate thermal energy in amounts determined by their temperature, where the energy is carried by photons of light in the infrared and visible portions of the electromagnetic spectrum. When temperatures are uniform, the radiative flux between objects is in equilibrium and no net thermal energy is exchanged. The balance is upset when temperatures are not uniform, and thermal energy is transported from surfaces of higher to surfaces of lower temperature. Thermal radiation is the emission of electromagnetic waves from all matter that has a temperature greater than absolute zero It represents a conversion of thermal energy into electromagnetic energy. Thermal energy is the collective mean kinetic energy of the random movements of atoms and molecules in matter.

Q6:
Gas burner diagram:



Q7:
Precautions while using gas:
COMPRESSED AND LIQUEFIED GAS USE

The general “good practice” guidelines to follow when using gas cylinders and compressed gases are:

General Requirements:

Ensure that regulator pressure control valve is relieved (i.e. closed) before attaching to gas tanks.
Close valves on gas cylinders when a system is not in use.

Remove all pressure from regulators not currently used (by opening valves downstream after the regulators are closed).

Shut-off valves must not be placed between pressure relief devices and the equipment they are to protect.

Use pressure relief valves in downstream lines to prevent high-pressure buildup in the event that a regulator valve does not seat properly and a tank valve is left on.

Relief valves should be vented to prevent potential buildup of explosive or toxic gases.

Never allow flames or concentrated heat sources to come in contact with a gas cylinder.

Never allow a gas cylinder to become part of an electrical circuit.

Never partially open a tank valve to remove dust or debris from the cylinder inlet.

Never use cylinder gas as compressed air.

Pressurize regulators slowly and ensure that valve outlets and regulators are pointed away from all personnel when cylinder valves are opened.

Cylinders that require a wrench to open the main valve shall have the wrench left in place on the cylinder valve while it is open. Never apply excessive force when trying to open valves. Cylinders with “stuck” valves should be returned to suppliers to have valves repaired.

Do not attempt to open a corroded valve; it may be impossible to reseal.

Valves should only be opened to the point where gas can flow into the system at the necessary pressure. This will allow for quicker shutoff in the event of a failure or emergency.

Use a cylinder cap hook to loosen tight cylinder caps. Never apply excessive force or pry off caps. Return to supplier to remove “stuck” caps.

Keep piping, regulators and other apparatus gas tight to prevent gas leakage.

Confirm gas tightness by using leak test solutions (e.g., soap and water) or leak test instruments.

Release the pressure from systems before connections are tightened or loosened and before any repairs.

Do not use Teflon tape on compressed gas fittings where the seal is made by metal-to-metal contact. Use of Teflon tape causes the threads to spread and weaken, increasing the likelihood of leaks.

Never use adapters or exchange fittings between tanks and regulators.

Fluorescent light can be used to check for grease or oil in regulators and valves.

Storage Requirements

All gas cylinders:

§ Shall not be stored in exits or egress routes.

§ Shall be stored within a well-ventilated area.

§ Shall not be stored in damp areas, near salt or corrosive chemicals, fumes, heat or exposed to the weather.

§ Shall be stored in an upright position.

§ Shall be secured with a chain or appropriate belt above the midpoint, but below the shoulder. 

§ Shall be capped when not in use or attached to a system (if the cylinder will accept a cap).

§ Shall be kept at least 20 ft. away from all flammable, combustible or incompatible substances. Storage areas that have a noncombustible wall at least 5 ft. in height and with a fire resistance rating of at least 30 minutes may be used to segregate gases of different hazard classes in close proximity to each other.

§ Shall be stored so that cylinders are used in the order in which they are received.

§ Shall be stored so that gases with the same hazard class are stored in the same area. Inert gases are compatible with all other gases and may be stored together.

§ Shall not be stored longer than one year without use.

§ Shall be stored so that full cylinders remain separate from empty cylinders.

Q8: Define Preventive Maintenance and Breakdown Maintenance:

Preventive maintenance (PM) has the following meanings: (Preventive Maintenance is done on running plant/machinery)
The care and servicing by personnel for the purpose of maintaining equipment and facilities in satisfactory operating condition by providing for systematic inspection, detection, and correction of incipient failures either before they occur or before they develop into major defects. 

All Maintenance, including tests, measurements, adjustments, and parts replacement, performed specifically to prevent faults from occurring. 

Preventive Maintenance is a combination of those actions as a result of which equipment will be expected to continue to perform the operation it is intended to do. It includes: 
Regular maintenance, oiling, cleaning, and dusting.



Periodic Inspection (Identification of faults, wear and tear)



Preventive replacement before the equipment life.



Overhaul of equipment.

Breakdown Maintenance: (Breakdown Maintenance is done on plant/machinery under breakdown). This comes into play when there is a failure of equipment to perform and deliver to its expected capacity. The function involves the disassembling of the equipment, to locate fault, repair / replace the part, re-assembly, checking and testing for required performance.

Breakdown maintenance needs heavy level of operator involvement. Thus the availability of skilled, trained and experienced operator / staff is to be ensured. They should be aware of the complexities of breakdown maintenance.

The cost of breakdown maintenance is very high, because it incurs direct cost of equipment part repair / replacement and also incurs indirect loss of output of plant / machinery.

Q9: 
Define Contract Maintenance:

Contract Maintenance vs. Departmental Maintenance (In-House)

Maintenance may be done by your own maintenance personnel, or else the job may be off-loaded to an outside agency on contract basis. This will depend largely on facilities available in-house, trained staff, overall cost, availability of spares etc.

	Contract Maintenance
	Departmental Maintenance

	No need to recruit trained personnel / staff

Reduces labour cost

Reduces cost of tools, spares, material.

Uses latest techniques.

Saves administrative time

Flexibility of meeting emergencies.

Disadvantages: -     

Management laziness during negotiating contract price, resulting in higher cost.

Loss of involvement and ownership of in- house staff

Predictive maintenance mind-set is absent or very low.
	Involvement and ownership of staff

Multi- tasking, multi-skilled operation

Can focus more on Predictive Maintenance

Optimum utilization of man-power and machines




Contract maintenance may be awarded for the following areas:

Routine maintenance of overall ground area, Preventive maintenance of plant and equipment like water treatment plant, heating plant, AC plant, elevators etc., Civil maintenance of Building and other infra-structure, Fire and safety equipments, Kitchen appliances, Overall cleaning, plumbing and laundry.

All contracts must have:      a) Insurance of maintenance employees,   b) Inspection facility of work done, c) Safe practices should be followed,  d) Local codes and statutory regulations must be followed.

What is a Valid Contract?

According to Sec. 10 of the Indian Contracts Act, 1872, "All agreements are contracts, if they are made by the free consent of the parties, competent to contract, for a lawful consideration with a lawful object, and not hereby expressly to be void."

Q10:
Give circumstances under which equipments are replaced:
All equipments are designed to give a certain life-cycle of normal operation. After this, due to wear and tear the parts of the equipment start failing / breaking down. Thus the MTBF (Mean Time Between Failures) increases and the operational efficiency of the equipment goes down resulting in heavy maintenance costs. Then the equipments need replacement part by part or in whole. To reduce the repair time and to carry out the maintenance effectively, parts needing replacement should be planned. 

· Fast wearing parts whose service life does not exceed the period between two consecutive planned repairs.

· Large complicated and labour consuming parts
· Standard spares, assemblies and apparatus.
· Spares of major assemblies, minor assemblies.
The reasons for replacement of equipment are: a) Inadequacy of equipment capacity, b) Obsolescence (i.e. outdated) of equipment, c) Declining effeciency with wear and tear, d) Low reliability, e) Producing more noise and vibrations, f) Unsatisfactory work output.

The financial cost of repair and maintenance, increasing labour cost are to be considered for replacement of equipment

	Present Equipment
	New equipment

	Operating expenses

Direct and indirect labour cost.

Power, repair and maintenance cost.

Downtime cost and cost of replacing parts.

Insurance, interest on capital, salvage value at the end of useful life.

Rebuilding cost
	Initial cost of new equipment

Operating expenses

Direct and indirect labour cost.

Power, repair and maintenance cost.

Cost advantage of improved product

Interest on capital, salvage value at the end of useful life.


Q11:
What are the different types of fuels? Give Merits and demerits.
What are fuels?  They are the source of heat used to cook food. 

Examples? Firewood, charcoal, kerosene, liquefied petroleum gas (LPG) and electricity.
	Solid Fuels
	Liquid Fuels
	Gaseous Fuels 
	Electricity (as heat source)

	Wood, coal, peat, lignite, coke, anthracite
	Petrol, Diesel, Kerosene, Spirit, Oil
	Coal gas, methane, LPG,producer gas, coke oven gas
	Sources: Thermal, Hydel, Nuclear, Non-conventional energy

	Advantages: Easy transport & storage, low cost, moderate ignition temp.

Disadvantages:High ash content, high clinker,  low burning effeciency, not easy to control combustion, high handling cost, low calorific value, high chimney for emission gases.
	Advantages: Low ash content, easy to control combustion, small storage space, easy transport, high calorific value, high efficiency

Disadvantages: High cost, special storage, high fire hazard, burner choking, 
	Advantages: High calorific value, easy combustion, easy transport through pipes, no smoke/ash/soot, clean to use.

Disadvantages: Large storage tanks needed, high fire hazard. Hgh cost, less natural resources.
	Advantages:Ease of operation, easy control, no smoke/ash/soot, clean to use, high effeciency

Disadvantages: High cost, Power cut disruptions


	Naturally occuring fuels
	Secondary / Prepared / Derived fuels

	Wood, coal, lignite, anthracite, oils, shale, petroleum
	Charcoal, coke, coal tar, spirit, kerosene, diesel, water gas, butane, electricity





Q12:
Conservation of energy in 5 star hotels:

Energy Conservation Measures in the Hotel 

1. Due to competition and aggressive marketing strategies, hotels have to gear up with new activities and additions, latest illumination, new technology, and to meet demands by guests.

2. New demands increase the energy consumption, compared to earlier periods. Also energy cost has increased considerably. This has necessitated various energy conservation steps to reduce the energy bill, to be a profitable business.

Deployment of Energy efficient machines.

Auto – controls for A/c systems

Efficient chilled water distribution system

Changing cooling tower blades– metallic to FRP.

Room automation – key card system, (Key switches)

Utilization of cool atmospheric air
Use energy wheel recovery of cooling effect.
Offline dedicated filter for cooling tower
Efficient lighting system, use of energy saving  bulbs/CFL Use of Dimmers
Electronic Ballast / energy efficient tube lights

Voltage reducer for lighting circuits.

Lighting circuits On /Auto Controller
Energy efficient motors.

Timers for remote lighting/Security lighting 
Boiler insulation – Front/Back covers.
Burner modulation. 
Fuel additives.
Reclaiming heat from boiler flue.
Waste heat from condensate – waste heat recovery


Q13:
Calculate the amount of electricity
[image: image1.png]mep Example 1.30 :  Given below are the different electric appliances used by a family, the
ratings and number of hours they are used daily.

Sr.No. |  Appllance Number Rating Hours (dally)
1 Tubo lights 4 40 W each 5 hours, each
2 Bubs 2 15 W each 6 hours, each

1 ow 2 hours.
3 Geyser 1 21 1 hour.
‘ Fans 3 60 W oach 8 hours, each
5 Television 1 100 W 4 hours.

Find the electric bill per month if cost per unit (1 KWh) is 75 paise.
(Assume 30 days month)

Solution : First calculate daily consumption of each appliance in watt hours,

Appliance Energy consumption In watt-hour

Tube ights 4x40x5 = 800
Buibs 2x15x6 = 180
1x40x2 = 80

Geyser 1x2000x1= 2000
Fans 3x60x8 = 1440
Television 1x100x4 = 400

Total = 4900 Wh = 4.9 kWh

Monthly energy consumption = 4.9x30
= 147 KWh = 147 urits.
Monthly bill = 147x(0.75) = Rs. 11025




Q14: Give properties of Refrigerants: 

Non-poisonous, non-toxic, non-corrosive, non-explosive, non-inflammable, low boiling point, condensing pressure low, High latent heat of vaporization, Low specific heat, inert to oil, easy availability.

Q15:  Compare Vapour Compression and Vapour Absorption system of refrigeration.

	Absorption system
	Compression System

	Uses low grade energy like heat. Therefore, may be worked on exhaust systems from I.C. engines etc.
	Using high-grade energy like mechanical work.

	Moving parts are only in the pump, which is a small element of the system. Hence operation is smooth.
	Moving parts are in the compressor. Therefore, more wear, tear and noise.

	The system can work on lower evaporator pressures also without affecting the COP.
	The COP decreases considerably with decrease in evaporator pressure.

	No effect of reducing the load on performance.
	Performance is adversely affected at partial loads.

	Liquid traces of refrigerant present in piping at the exit of evaporator constitute no danger.
	Liquid traces in suction line may damage the compressor. 

	Automatic operation for controlling the capacity is easy.
	It is difficult.


Q16: List the security systems / equipment in hotels:

Security systems:


1. External Access Control: Limiting Access / Entry Points to the hotel premises (provision of CCTV cameras),

2. Perimeter Security:  Road barriers, Checking cars  and boot space with mirrors, CCTV installation, Patrolling

3. Material Access Control: Guest baggage check, Material Supply checks

4. People Access Control: Walk in guests check, Guest profiling, Employee Verification, Visitor Management.

5. Internal Access Control: Restriction on movement in prohibited parts of hotel, Use of proximity cards and

    magnetic interlocks, Entrance to boiler room, Computer room, Control room, Switch board room, Lift usage to 

    be monitored.

Security equipments: Security equipment can be roughly divided into two types: equipments that prevents (or attempts to

prevent) unauthorized access to an area and equipment that detects the presence of unauthorized people. The first classification refers to locks or locking systems. Rather than depend on permanent, unchangeable, metal keys, many hospitality facilities now use either computer-coded plastic cards or push button devices encoded with different combinations whenever a new guest checks in. The combination may be set at random or by the guest himself. The second classification refers to sensors of various types that identify an event and transmit a signal for appropriate action to be taken. These can be photo-beam sensors, proximity sensors, heat sensors, RFID chips etc.

Q17: What are the Audio-Visual equipments used in hotel industry:

The Audio Visual equipments used are Computers (Laptop / Desk / Main Frame), Projectors (Slide / Screen, LCD), Video Casette Recorders, DVD players, Tape Recorders, Television sets, CCTV cameras, Microphones (Stand / Wireless), Amplifiers, Speakers, Home Theatre system.

Q18: Importance of water in the hotel industry. 

For the existence and survival of human life, water is an essential commodity, next only to air. It is essential for life, health and sanitation. It is the principal raw material for food production. It is needed for drinking, bathing, washing body and clothes, washing floors, flushing of WC, gardening, vehicles and road washing, 

fountains, air-conditioning, swimming pools, air coolers, brewing, cleaning, fire fighting etc. 

Q19: Give factors that affect water quality.

When toxic substances enter lakes, streams, rivers, oceans, and other water bodies, they get dissolved or lie suspended in water or get deposited on the bed. This results in the pollution of water whereby the quality of the water deteriorates, affecting aquatic ecosystems. Pollutants can also seep down and affect the groundwater deposits.

Raw water obtained from lakes etc.  is not potable and has many defects. These can be:

>>
Volatile and oxidizable impurities

>>
High salt content 

>> 
Corrosivity and scale formation

>>
Acidic content

>>
Hardness

>>
Bacterial contamination

>>
Odour and foul taste

>> 
Suspended impurities

>>
Dissolved impurities

Q20: Give water hardness removal details:

Water SOFTENING GENERAL:
Water may be generally classified as "soft" or "hard" water. Hard water is characterized by the elevated concentration of polyvalent metal ions (cations). Soft water is characterized by a low concentration of these metal ions. The most common hard water metal ions are those of calcium and magnesium, which are divalent metal ions expressed as: Ca+2 and Mg+2 respectively. 
While there are no hard and fast definitions of what soft water and hard water entail, we generally define soft water as having less than 75 mg/L calcium carbonate (CaCO3) and hard water as having greater than 150 mg/L calcium carbonate (CaCO3). Typically, groundwater is harder than surface waters, due to water dissolving and then carrying calcium and magnesium from the surrounding rocks. Hard water, when it dries, creates water spots (white scale) on vehicle windows and finishes, household windows, shower doors, tile, etc. It also creates scale on the insides of water distribution pipes, boilers, and water heaters. Elevated water temperatures create the scale much faster than cold water temperatures, thus creating a problem for water heaters or boilers. The scale creates a barrier to the efficient transfer of heat, which requires a greater quantity of fuel to heat to the same temperature. Premature failure of boilers and hot water heaters is most often contributed to this scaling. Hardness may be Temporary or Permanent hardness. Temporary hardness is due to bicarbonates of calcium or magnesium. It can be removed by boiling or adding lime to the water. Permanent hardness is due to presence of sulphates, chlorides and nitrates of calcium and magnesium.
Treatment Process: 
There are three basic treatment processes to treat hard water:
1) Ion Exchange:  This process involves the use of a high ion exchange resin. An example of this resin is a polystyrene type. Zeolite (Trade name) is a compound of aluminium, silica and soda. The resin is specifically designed to hold sodium ions on its ion exchange sites. As the hard water passes through the beads of resin, the calcium and magnesium ions replace the sodium ions that are attached to the resin. This process removes the calcium and magnesium from water being treated and releases the sodium to the treated water. The sodium does not form this scale, nor cause water spots. At some point in time, all of the sodium has been replaced with calcium magnesium and the resin can therefore no longer remove it from the raw water. The resin is regenerated by stopping the flow water through the resin bed, and then backwashing the resin bed with a highly concentrated solution of rock salt (a sodium chloride brine). This concentrated brine solution removes the calcium and magnesium ions from resin and replaces it with sodium ions. The resin bed is then rinsed gently with soft water, for re-use. In many communities utilizing groundwater sources, the well sites possess ion exchange treatment units to soften groundwater prior to the addition of a disinfectant or fluoridation. The ion exchange process is more cost-effective when treating groundwater, as they are typically a non-carbonate form of water hardness i.e. the hardness is specifically a predominance of the calcium and magnesium ions by themselves, not attached to their anionic components of carbonates, etc. Surface waters are typically the carbonate form of water hardness, which is more cost effectively treated by utilizing a lime or lime soda ash treatment process. 
Advantages & Disadvantages:
a) An advantage of the ion exchange treatment process is that it does not change the pH or alkalinity of the water. Other advantages include excellent process reliability, process stability, and chemical safety.
b)Disadvantages of the ion exchange process include:
      i) First is the increase of total dissolved solids (TDS) in the treated water due to the release of sodium. 
      ii) Second is the cost of disposing of the regeneration cycle’s salt brine. This regeneration backwash water contains

           sodium chloride, calcium chloride, and magnesium chloride in a concentrated solution that ranges from 30,000 to

           50,000 mg/L TDS. The quantity water may vary from 1.7 % to 7.5% of the softened water total depending upon the 

           raw water source, the type of hardness being removed, and the quantity of water being treated. Proper disposal of

           this regeneration backwash water is obviously difficult due to these parameters.
      iii) Depending on the pH of the treated water, most waters treated by the ion exchange process, are corrosive waters due

            to loss of the calcium and magnesium. Blended water or the addition of stabilizing chemicals will correct this.
      iv) Resin problems:

            a) Iron in the ferrous state must not be allowed to enter the ion exchange process, as it will oxidize to the iron oxide

             state on the resin and become a permanent resident on the resin. If the iron oxide state is achieved prior to entering 

             the ion exchange process, it will be removed from the process water during treatment and is able to be removed

             from the resin during the normal backwash cycle. Best practice is to remove all iron prior to the ion exchange

             process.
            b) Modern ion exchange resins are very resilient, with the life expectancy in excess of 15 years, when the process is

             properly operated. Excessive chlorine residuals will break down the resins, and must therefore not be applied to the

              resin beds. Surface waters, with accompanying biological growths, higher turbidities, and color values must be

              treated prior to the ion exchange process in order to prevent these materials coating the resin beads and interfering

              with the softening process.


2) Membrane Filtration: this is a physical process whereby either reverse osmosis or nano-filtration are utilized to physically remove the calcium and magnesium ions from the raw water source. The type of membrane will determine the degree of treatment.
Advantages and Disadvantages
a) Advantages include: hardness removal without large quantities of chemicals involved such as lime and sodium chloride (rock salt), simplicity of operation, increased operator safety due to lack of potentially hazardous chemicals. 
b) Disadvantages include: high cost of membranes, (which are experiencing a trend of decreasing cost over the past several years), proper disposal of concentrated rejection water, and a potential requirement for pre-treatment of surface waters prior to membrane filtration.


3) Chemical Precipitation: this process is characteristically both chemical and physical in nature. This type of softening process does not completely remove all hardness from the treated water (such as an ion exchange process), and therefore requires less of a requirement for a downstream water stabilization process. Approximately 45 to 90 mg/L of hardness, expressed as calcium carbonate (CaCO3 ), will exist in the treated water which will provide an adequate corrosion protection value for the water distribution system and consumer plumbing fixtures. This may be accomplished by either of two manners:
a) Sodium hydroxide (NaOH)(caustic soda) may be utilized for chemical precipitation. Advantages: produces less sludge than lime, or lime-soda ash processes. Disadvantage: higher total chemical cost.
b) Utilizing lime, or lime and soda-ash. This is the preferred method of most facilities, and therefore the one we will detail.
Lime-soda ash Treatment Process.
The raw water is brought to a rapid mixer where calcium hydroxide Ca(OH)2 is added to it. In the majority of cases soda ash is also added to it, for what is termed a "lime-soda ash" softening process. (On a side stream, dry lime (CaO) is "slaked" by adding water to it to create the Ca(OH)2.) This slurry is added to the water being treated to increase the pH to 10 for calcium removal or to a pH of 11 for magnesium removal. The addition of the lime and soda ash to the hard water creates a precipitate consisting of calcium carbonate and magnesium hydroxide. The water then flows into flocculation basins for a detention time for approximately 15 to 20 minutes. The lime utilized in the slaking process generates approximately 8 to 10% silica grit by weight. Much of this grit is removed in the lime slaker, but a fair quantity usually finds its way into the rapid mix and flocculation basins. The grit must be removed periodically from the flocculation basins to minimize damage to the flocculation equipment. The water then flows into sedimentation basins specifically designed for capture of the calcium and magnesium precipitates. Up-flow or solids contact clarifiers are usually utilized for combining the flocculation and sedimentation process into one unit. We discussed these clarifiers in the sedimentation chapter previously. Solids contact clarifiers are especially suited for this type of treatment. Rectangular sedimentation basins are usually avoided due to the excessive wear that can occur on the chains and flights due to the abrasive qualities of the grit and precipitates.
After the sedimentation process, the pH of the water must be properly adjusted prior to further treatment. This is usually accomplished by the addition of an acid or carbon dioxide (CO2 ). "Recarbonation" is the term utilized to describe the addition of carbon dioxide to the water being treated. For smaller facilities, carbon dioxide is usually purchased and delivered in liquid or gas cylinders, or in dry ice containers. Larger facilities have found it more cost-effective to produce carbon dioxide onsite in submerged combustion burners where natural gas is burned to create the carbon dioxide or by utilizing cleaned and scrubbed exhaust gases from furnaces, lime regeneration or carbon regeneration equipment process units. Generally speaking re-carbonation by itself can only reduce the pH to approximately 8.3. Additional reductions in the pH value will require the addition of an acid.
Advantages and Disadvantages:
Advantages of this type of process include: the ability to soften water yet maintain an adequate water stability for corrosion protection; and it’s cost-effectiveness in treating large quantities of surface water.
Disadvantages include: proper disposal of the large quantity of high pH sludge; constant removal of the calcium carbonate scale on slaking equipment, rapid mixers, and flocculation basin equipment; safety issues regarding dosing sodium hydroxide or soda ash, and the slaking and feeding of lime. Extreme care must be taken when working around dry lime (CaO). The addition of water generates a lot of heat. One must never apply water from a hose directly to a dry lime spill or accumulation in a slaker, as there exists the potential of explosion resulting from escaping gases in heat from the interior of the lime pile.
Q21: What are methods of solid waste disposal:

1. Controlled land filling

2. Disposal into sea

3. Filling of low lying areas

4. Mechanical composting

5. Pulverising

6. Compaction

7. Incineration

8. Pulping

Q22:
Define the following / write in short notes:

Kilo Calorie:
1 calorie is the heat required to raise the temperature of 1g of water through 1(C  (e.g. 25(C to 26(C) 

[1 kilocalorie ( 1000 calories]

Specific Heat:
The amount of heat required to raise the temperature of a unit mass of substance by 1(C, compared with the amount of heat required to raise the temperature of the same weight of water by 1(C. The Sp. Ht. of water is 1cal/gram°C = 4.186 joule/gram°C and is higher than any other common substance.

BTU: (British Thermal Heat Unit): Qty. of heat required to raise the temperature of 1 lb (pound) of water through 1(F

 [1BTU = 252.16cal]

CHU: (Centigrade Heat Unit): Quantity of heat required to raise the temperature of 1 pound (lb) of water through 1(C. [1CHU = 453.6cal.]

Ignition temperature: or Ignition Point Temperature: The temperature to which a fuel must be raised to cause a chemical union with oxygen and start burning. (For Coal -150(C, Methane-700(C, Hydrogen-595(C, Petrol-343(C)

Flash point: It is the lowest temperature at which the fuel gives off enough vapours that ignite for a moment when a small flame is brought near to it.

Fire point: It is the lowest temperature at which the vapours of the fuel burn continuously for at least 5 secs. When a tiny flame is brought near to it. In most cases the fire points are 5(C to 40(C higher than the flash point.

Watt:
It is the rate of doing work. The electric unit of power is Watt, defined as the power expended when one Joule of work is done in one second. (1 watt ( 1 Joule / sec. ( 1 Nm/sec.)

Potential Difference: (P.D.) The voltage at any point is known as the potential of the point. The difference of the electrical voltage between any two points is called the Potential Difference. The electrical potential difference is work done in moving a unit charge. Potential difference is measured in Volts.

Ampere:
The rate of flow of electric charge is current. The unit of current is Ampere. Flow of one coulomb charge in one second is one ampere. (1Amp ( 1coulomb/sec)

Energy KWh: Energy is an indirectly observed quantity. It is often understood as the ability a physical system has to do work on other physical systems. Since work is defined as a force acting through a distance (a length of space), the total work done in a given time is called Energy. Its unit is watt-sec. In general terms, energy is stated in kilowatt-hours (kwh). (1 unit of electrical energy  ( 1 kwh.)

Conductor:
A conductor or wire  is a material which contains movable electric charges, enabling electric current to flow through it. It offers low resistance to the passage of current.

Fuses: An over-current protective device with a circuit-opening fusible part that is heated and severed by the passage of over-current through it. A fuse interrupts excessive current (blows) so that further damage by overheating or fire is prevented. Overcurrent protection devices are essential in electrical systems to limit threats to human life and property damage. Fuses are selected to allow passage of normal current and of excessive current only for short periods. A fuse (Kit-Kat fuse)consists of a metal strip or wire fuse element, of small cross-section compared to the circuit conductors, mounted between a pair of electrical terminals, and (usually) enclosed by a non-conducting and non-combustible housing. The fuse is arranged in series to carry all the current passing through the protected circuit. The resistance of the element generates heat due to the  current flow. If too high a current flows, the element rises to a higher temperature and either directly melts, or else melts a soldered joint within the fuse, opening the circuit. Fuses act as a weak link in a circuit. They reliably rupture and isolate the faulty circuit so that equipment and personnel are protected. Following fault clearance they must be manually replaced before that circuit may be put back into operation.

MCB: (Miniature Circuit Breaker) A device designed to open and close a circuit by non-automatic means and to open the circuit automatically on a predetermined over-current without damage to itself when properly applied within its rating. Miniature circuit breakers (MCBs) or Moulded Case Circuit Breakers (MCCBs) are also over-current protection devices often with thermal and magnetic elements for overload and short circuit fault protection. As a switch they allow isolation of the supply from the load. Normally the MCB requires manual resetting after a trip situation but solenoid or motor driven closing is also possible for remote control. The MCB is an automatic, electrically operated switching device that was designed to automatically protect an electric circuit from overload currents and short circuit currents. It is a complicated construction made up of almost 100 individual parts. It has the ability to respond within milliseconds when a fault has been detected. Westinghouse Electric introduced the world’s first MCB and it initially had a porcelain base and cover mounted in a metal housing.

Earthing: This is made up of material that is electrically conductive. A fault current will flow to 'earth' through the live conductor, provided it is earthed. This is to prevent a potentially live conductor from rising above the safe level.  All exposed metal parts of an electrical appliance must be earthed . The main objectives of the earthing are to : 

1) Provide an alternative path for the fault current to flow so that it will not endanger the user 

2) Ensure that all exposed conductive parts do not reach a dangerous potential 

3) Maintain the voltage at any part of an electrical system at a known value so as to prevent over current or excessive voltage on the  appliances or equipment .  

Open Circuit, Closed Circuit, Short Circuit:


OPEN CIRCUIT: When there is a break in the electrical circuit it is called open circuit.

CLOSE CIRCUIT: When the path of the current flow is complete, it is called close circuit.

SHORT CIRCUIT: When the path of the current flow is completed through not the intended path but through some leakage / damaged path to earth, it is called short circuit. 

PVC:
Polyvinyl chloride, commonly abbreviated PVC, is a thermoplastic polymer,is commonly used as the insulation on electric wires

SWG:
Standard Wire Gauge; a notation for the diameters of metal wires or thickness of metal sheet ranging from 16 mm to 0.02 mm or from 0.5 inch to 0.001 inch.

HP:
The horsepower used for electrical machines is defined as exactly 746 W.

Foot-candle (abbreviated fc, lm/ft², or sometimes ft-c) is a non-SI unit of illuminance or light intensity widely used in photography, film, television and lighting industry.  It can be defined as the illuminance on a 1-square foot surface of which there is a uniformly distributed flux of one lumen. This can be thought of as the amount of light that actually falls on a given surface. The foot-candle is equal to one lumen per square foot. One footcandle is equal to approximately 10.764 lux.

Relative Humidity:
It is a term used to describe the amount of water vapor in a mixture of air and water vapor. It is defined as the partial pressure of water vapor in the air-water mixture, given as a percentage of the saturated vapor pressure under those conditions. The relative humidity of air thus changes not only with respect to the absolute humidity (moisture content) but also temperature and pressure, upon which the saturated vapor pressure depends. Relative humidity is often used instead of absolute humidity in situations where the rate of water evaporation is important, as it takes into account the variation in saturated vapor pressure. Humans are sensitive to humid air because the human body uses evaporative cooling as the primary mechanism to regulate temperature. Under humid conditions, the rate at which perspiration evaporates on the skin is lower than it would be under dry arid conditions. Because humans perceive the rate of heat transfer from the body rather than temperature itself, we feel warmer when the relative humidity is high than when it is low.

Dry Bulb Temperature: The Dry Bulb temperature, usually referred to as air temperature, is the air property that is most commonly used. When people refer to the temperature of the air, they are normally referring to its dry bulb temperature.

The Dry Bulb Temperature refers basically to the ambient air temperature. It is called "Dry Bulb" because the air temperature is indicated by a thermometer not affected by the moisture of the air. Dry-bulb temperature can be measured using a normal thermometer freely exposed to the air but shielded from radiation and moisture. The temperature is usually given in degrees Celsius (oC) or degrees Fahrenheit (oF). The SI unit is Kelvin (K). (Zero Kelvin equals to -273oC).

Wet Bulb Temperature: The Wet Bulb temperature is the temperature of adiabatic saturation. This is the temperature indicated by a moistened thermometer bulb exposed to the air flow. Wet Bulb temperature can be measured by using a thermometer with the bulb wrapped in wet muslin cloth. The adiabatic evaporation of water from the thermometer and the cooling effect is indicated by a "wet bulb temperature" lower than the "dry bulb temperature" in the air. The rate of evaporation from the wet bandage on the bulb, and the temperature difference between the dry bulb and wet bulb, depends on the humidity of the air. The evaporation is reduced when the air contains more water vapor. The wet bulb temperature is always lower than the dry bulb temperature but will be identical at 100% relative humidity (the air is at the saturation line).

Dew Point Temperature: The Dew Point is the temperature at which water vapour starts to condense out of the air (the temperature at which air becomes completely saturated). Above this temperature the moisture will stay in the air.

If the dew-point temperature is close to the dry air temperature -  the relative humidity is high

If the dew point is well below the dry air temperature - the relative humidity is low

If moisture condensates on a cold bottle taken from the refrigerator, the dew-point temperature of the air is above the temperature in the refrigerator.

The Dew Point temperature can be measured by filling a metal can with water and some ice cubes. Stir by a thermometer and watch the outside of the can. When the vapor in the air starts to condensate on the outside of the can, the temperature on the thermometer is pretty close to the dew point of the actual air.

Thermostat:
A thermostat is the component of a control system which regulates the temperature of a system so that the system's temperature is maintained near a desired setpoint temperature. The thermostat does this by switching heating or cooling devices on or off, or regulating the flow of a heat transfer fluid as needed, to maintain the correct temperature. Domestic water and steam based central heating systems have traditionally been controlled by bi-metallic strip thermostats.

Refrigerant: A refrigerant is a substance used in a heat cycle usually including, for enhanced efficiency, a reversible phase change from a gas to a liquid. Traditionally, fluorocarbons, especially chlorofluorocarbons, were used as refrigerants, but they are being phased out because of their ozone depletion effects. Other common refrigerants used in are ammonia, sulfur dioxide, and non-halogenated hydrocarbons such as methane. Common refrigerants are: Carbon tetrachloride- CCl4,  Trichlorofluoromethane- CCl3F, Tetrafluoromethane- CF4, Trichloromethane- CHCl3, Ethane- C2H6.

Ton of refrigeration: It is approximately equal to the cooling power of one short ton (2000 pounds or 907 kilograms) of ice melting in a 24-hour period. The value is defined as 3024 Kcal/hr or 12,000 BTU per hour, or 3517 watts. Residential central air systems are usually from 1 to 5 tons (3 to 20 kilowatts (kW)) in capacity.

Defrosting (or thawing) is a procedure, performed periodically on refrigerators and freezers to maintain their operating efficiency. Over time, as the door is opened and closed, letting in new air, water vapour from the air condenses on the cooling elements within the cabinet. It also refers to leaving frozen food at a higher temperature prior to cooking.

Chilled water air conditioning applications temperature: Chilled water systems are commonly designed to provide full cooling load with a chilled water temperature of about 42°F (i.e. 5.5°C). 
Pollution: It is the introduction of contaminants into a natural environment that causes instability, disorder, harm or discomfort to the ecosystem i.e. physical systems or living organisms. Pollution can take the form of chemical substances or energy, such as noise, heat or light. Pollutants, the elements of pollution, can be foreign substances or energies or naturally occurring. The major forms of pollution are as below along with the particular pollutants relevant to each of them:

a) Air pollution:- the release of chemicals and particulates into the atmosphere. Common gaseous pollutants include carbon monoxide, sulfur dioxide:- chlorofluorocarbons (CFCs) and nitrogen oxides produced by industry and motor vehicles. Photochemical ozone and smog are created as nitrogen oxides and hydrocarbons react to sunlight 

b) Light pollution:- includes light trespass, over-illumination and astronomical interference. 

c) Littering:- the criminal throwing of inappropriate man-made objects, unremoved, onto public and private properties. 

d) Noise pollution:- which encompasses roadway noise, aircraft noise, industrial noise as well as high-intensity sonar. 

e) Soil contamination:- occurs when chemicals are released intentionally, by spill or underground leakage. Among the most significant soil contaminants are hydrocarbons, heavy metals, herbicides, pesticides and chlorinated hydrocarbons. 

f) Radioactive contamination:- resulting from 20th century activities in atomic physics, such as nuclear power generation and nuclear weapons research, manufacture and deployment. 

g) Thermal pollution:- is a temperature change in natural water bodies caused by human influence, such as use of water as coolant in a power plant. 

h) Visual pollution:- This affects the aesthetic looks. They can refer to the presence of overhead power lines, motorway billboards, scarred landforms (as from strip mining), open storage of trash or municipal solid waste. 

i) Water pollution:- by the discharge of wastewater from commercial and industrial waste (intentionally or through spills) into surface waters; discharges of untreated domestic sewage, and chemical contaminants, such as chlorine, from treated sewage; release of waste and contaminants into surface runoff flowing (including urban runoff and agricultural runoff, which may contain chemical fertilizers and pesticides); waste disposal and leaching into groundwater; and littering. 

Elevator: (or lift in British English) is a type of vertical transport equipment that efficiently moves people or goods between floors (levels, decks)of a building, vessel or other structure. Elevators are generally powered by electric motors that either drive traction cables or counterweight systems like a hoist, or pump hydraulic fluid to raise a cylindrical piston like a jack.

Tap (also called Spigot or Faucet in the U.S.) is a valve controlling release of liquids or gas. The word Tap is used for any everyday type of valve, particularly the fittings that control water supply to bathtubs and sinks. In the U.S., the term "tap" is more often used for beer taps. "Spigot" or "faucet" are more often used to refer to water valves, although this sense of "tap" is not uncommon, and the term "tap water" is the standard name for water from the faucet.

The physical characteristic which differentiates a spigot from other valves is the lack of any type of a mechanical thread or fastener on the outlet. Water for baths, sinks and basins can be provided by separate hot and cold taps; this arrangement is common in older installations, particularly in public washrooms/lavatories and utility rooms/laundries. In kitchens and bathrooms mixer taps are commonly used. In this case, hot and cold water from the two valves is mixed together before reaching the outlet, allowing the water to emerge at any temperature between that of the hot and cold water supplies. Mixer taps were invented by Thomas Campbell of Saint John, New Brunswick and patented in 1880.

Trap: Trap is a downward looped section of pipe of U-shape, in the lower part of which remains a quantity of water, acting as a seal for foul smelling gas. Because of its shape, the trap retains a small amount of water after the fixture's use. This water in the trap creates a seal that prevents sewer gas from passing from the drain pipes back into the occupied space of the building. Essentially all plumbing fixtures including sinks, bathtubs, and toilets must be equipped with either an internal or external trap. Requirements of a good trap are a) It should not allow passage of foul gases, b) It should have sufficient depth of water always, c) It shoul be easily cleared. On the basis of shape the traps may be P-Trap, Q-Trap, S-Trap or U-trap. On the basis of use the traps may be a) WC trap, b) Floor trap, c) Gully trap d) Intersecting trap.

Rain water harvesting: The areas which have a fair amount of natural rainfall, but do not have geographical conditions to absorb and impound the rain water, should have rain water harvesting system. Here the natural rain water is channelised into the sub-soil near the bore-wells / tube-wells, so that the ground water level rises and these wells do not dry up in summer season.
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SAFETY CHECKLIST


Always use correct size of fuse.


Always keep earth connection in satisfactory condition.


Check that the switch is in off position before replacing lamp or handling fans etc.


Make portable equipment earthing in sound condition.


Discharge all inductive circuits before commencing any work on them.


Never touch an overhead line.


Never energise any circuit without proper authorization.


Never bring a naked light near a battery; smoking is prohibited in the battery room.


Place proper rubber mats in front of switch boards and electric panels.


Use insulated tools for repairing electric fixtures.


Wear rubber boots / shoes while working with electric circuits.


Check for wear and tear of electric cords in appliances.


Check all breakers and fuse boxes are clearly &  completely labeled. Each switch should be positively identified as to which outlet or appliance it is for.


All space heaters, microwave ovens, and other high-current devices are plugged directly into wall receptacles and not into extension cords.


All hotel equipment should have grounded plugs (three-prong plugs) used in accordance with the manufacturer's instructions.


Never remove the third (grounding) prong from any three-prong piece of equipment. 
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Properties of Ideal Fuel





No toxic by-products





Low ignition point





High calorific value





Low smoke production





Easy to store & transport





Easy availability





Low non-volatile content





Moderate rate of burning





Water requirement in hotels is 180ltrs/bed/day approx.


Water for restaurants is 70 ltrs/seat/day approx.


Water for gardening is 17000-35000 ltrs/day/hectare.





Good Earthing


The qualities of a good earthing system are : 


1) Must be of low electrical resistance 


2) Must be of  good corrosion resistance 


3) Must be able to dissipate high fault current repeatedly 
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