
PIPES AND PIPE FITTING 

Various types of pipe fittings are available in plumbing systems for different purposes 

and functions. A pipe fitting is used in plumbing system to join multiple pipes of same 

size or different sizes, to regulate the flow or to measure the flow. They are made up of 

different materials like copper, iron, brass, PVC etc. 

Types of Pipe Fittings in Plumbing System 

Different pipe fittings and their functions are explained below. 

o Elbow 

o Reducer 

o Tee type 

o Cross type 

o Coupling 

o Unions 

o Adaptors 

o Olet 

o Plug 

o Cap 

o Valve 

Elbow Pipe Fittings 
Elbows are used to change the direction of flow between two pipes. Elbows are generally 

available with an angle of 22.5o, 45o and 90o. If pipes are of same diameter then normal 

elbows are used otherwise Reducer elbows are used. Elbows are made of different 

materials. These are generally coming with female threads and we can fix them by butt or 

socket welding also. 



 

Reducer Pipe Fittings 
Reducer is a pipe fitting component which reduces the flow size from larger to smaller by 

reducing size of pipe. Usually there are two types of reducers are available. One is 

concentric reducer which is like cone shaped with gradual decreasing around the pipe but 

in this case accumulation of air may possible and it results in cavitation. Other one is 

eccentric reducer which is having one edge parallel to connecting pipe due to which air 

accumulation is not possible. 

 

Tee type Pipe Fitting 
Tee type fitting is a component of plumbing system which is in T-shape. It is having one 

inlet and two outlets, outlets are arranged at 90o to the main line connection (inlet). It can 

also be used to combine the flow from two inlets to one outlet. They are also available in 

different materials and different sizes. If the 3 sides of T-fitting are similar in size then it 

is called as Equal tee otherwise it is called as Unequal tee. 



 

Cross type 
Cross type fittings contains 4 opening in 4 directions. These are connected when there are 

4 pipes are meeting at a point. These fittings generate more amount of stress on pipe as 

the temperature changes, because they are located at the center of four connection points. 

Cross fittings are generally used for fire sprinkler systems. 

 

Coupling 
A coupling is used to connect the pipes of same diameter. Coupling are also useful if the 

pipe is broken or leakage occurs. Generally there are two types of couplings are available. 

Compression coupling and slip coupling. Compression coupling is regular coupling 

which is connected between two pipes and it prevents leakage by the arrangement of 

gaskets or rubber seals on both sides, otherwise glue is provided. Slip coupling is easier 

to install and it contains two pipes which are arranged as one into other, inner pipe can 

slide up to some length. So, we can fix long length damaged pipe by slip coupling. 



 

Unions 
Union is a type of fitting, which functions as similar to coupling. But coupling cannot be 

removed after fixing but in this case we can remove the union whenever we needed. 

Unions consists nut, male and female ended threads. So, this is also useful for 

maintaining purpose of pipe. 

 

Adaptors 
If the pipes are not having special ends or plain ends then adaptors make them threaded 

either male or female whichever is needed. Adopters are generally used for copper and 

PVC pipes. Male adapters contain male threads and female adapters contains female 

threads. One end of adapter is plain which is glued or welded or soldered to the plain pipe 

end. 



 

Olet 
Olets are used when there is standard sizes of fittings are not suitable for our requirement. 

Sometimes the inlet pipe size is larger compared to outlet pipes in t-sections then also 

Olets are used. There are many types of olets are available. Some important types of olets 

are: 

o Butt-Weldolet 

o Socket weld Olet 

o Threaded olet 

o Elbow olet 

o Nipple olet 

o Lateral olet 

o Sweepolet 

o Flange olet 



 

Plug 
Plug is a component of plumbing component which is generally used to close pipe 

opening during inspections and repairs. Plug are generally contains male threads. 

 

Cap 
Cap is a type of pipe fitting which function is same as plug but the only difference is plug 

contain male threads and cap contain female threads which is screws on the male thread 

of pipe. These are available in different materials like rubber, copper, steel, plastic etc. 



 

Valves in Pipe Fittings 
Valves are components of plumbing system which are used to stop or regulate flow of 

fluid in its path. Different types of valves are available depending up on their 

applications. 

 

Some important types of valves and its applications are listed below. 

o Gate valve, plug valve and Ball valve – used for isolation only 

o Globe valve – used for throttling 

o Check valve – used for preventing reverse flow (non-return) 

o Butterfly valve – used for isolation as well as throttling 

o Diaphragm valve – used for isolation as well as throttling 

 

 



SANITARY APPLIANCES 

The types are: 1. Washbasin 2. Sinks 3. Bath Tub 4. Flushing Cisterns 5. Water-Closet 6. 

Urinals. 

Type # 1. Washbasin: 

The wash basins are available in various patterns and sizes in the market. 

There are mostly two patterns: 

a) Flat back for mounting on walls, 

(b) Angle back for fixing at the junction of two walls. 

Flat back basins are provided with double or single tap holes. All the wash basins should be 

of one piece construction and should have slotted overflow hole. All the internal angles are 

designed so as to facilitate cleaning. The wash basins are provided with a circular waste 

hole in the bottom as shows in Fig. 25.1. The basins are provided with an integral soap 

holder recess which drains into the bowl. 

 

Wash basins are made of fire-clay, stoneware, earthenware or vitreous china. But 

nowadays steel, aluminium and plastic wash basins are also available in the market which 

are very popular. In plain the basins may have rectangular, square, circular, oblong, circular 
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quadrant etc. shape depending on the choice. Again these may be supported on the 

brackets fixed on the wall or supported on the pedestals. 

For holding water in the bowl these are provided with tapering rubber plugs, which can be 

fitted in the outlet. This plug is fixed to a chain secured by a stay. 

The usual size of wash basins are: 

 

Type # 2. Sinks: 

These are rectangular shallow receptacles suitable for kitchens or laboratory. Fig. 25.2 

shows a kitchen sink which is mostly used. It is of one piece construction, provided with or 

without rim. 

 

The floor of the sink is given a slope towards the waste outlet. The sinks are provided with 

circular waste hole. All the kitchen sinks are provided with a draining board which is fixed on 

the right of the user. Weir type overflow slots are also provided in some sinks. 

The usual dimensions of the sinks are: 
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The sinks are made of glazed earthenware or stoneware. The height of the top of the sink 

from the floor should be 90 cm. 

Type # 3. Bath Tub: 

ADVERTISEMENTS: 

Bath tubs may be made of various materials, such as enamelled iron, plastic, cast iron, 

porcelain enamelled, marble or fire clay etc. For high class residential buildings marble, 

plastic or enamelled iron or fibre glass baths are used. For public places glazed fire-clay or 

porcelain enamelled cast iron baths are used. 

Vitreous enamelled pressed steel baths are also available in the market. Previously copper 

baths were used but nowadays they have become obsolete. In future aluminium alloy and 

fibre glass bath are coming which will replace old baths. 

Fig. 25.3 shows the section through a bath. The bath may be parallel or taper, the latter 

type being more popular. It is provided with one outlet of 4 to 8 cm and one inlet pipe for 

filling it. In some cases two taps are provided one for hot and another for cold water supply. 

The bath should also be provided with one over-flow pipe to take excessive water. The 

waste pipe of bath is provided with a trap, to prevent the foul gases from entering in the 

bath room. 
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The usual dimensions of bath are: length 1.7 to 1.85 m width 70 to 75 cm, depth near waste 

pipe side 43 to 45 cm, overall height with feet 58 to 60 cm. 

Type # 4. Flushing Cisterns: 

These are used for flushing water closets and urinals after use. There are several varieties 

of flushing cisterns. High-level cisterns are intended to operate with a minimum height of 

125 cm between the top of the pan and the underside of the cistern. 

Low-level cisterns are intended to operate at a height not more than 30 cm between the top 

of the pan and the underside of the cistern. Cistern may be of cast iron, glazed 

earthenware, glazed vitreous ware or pressed steel or any other impervious material. Now a 

days plastic cisterns are also available in the market. 

Following two types of cisterns are most common now a days: 

(i) Bell type without valve. 

(ii) Flat bottom type fitted with valve. 

Fig. 25.4 shows the bells type flushing cistern. The bell is kept over the outlet pipe, the inlet 

end of which is slightly above the water level. When the chain is pulled the bell is lifted 

causing the water to spill over the outlet pipe and starting the siphonic action due to which 

the whole water rushes towards the outlet and flushes the W.C. 

Due to shortage in the water supply, there was urgent demand to reduce the quantity of 

water consumption. All the flushing cisterns available and existing in the building fitting, 
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discharge their full quantity of water even for small purposes or even when small quantity of 

water will sufficient for that purpose. 

C.B.R.I. Roorkee has developed dual flushing cistern, which allows fractional or full 

discharge of cistern at a time. All the existing cisterns can be converted into dual flushing 

cisterns by making arrangements to cut the vacuum seal at the fixed water level. To obtain 

the fractional discharge the chain is pulled and left, but for obtaining full discharge the chain 

is pulled and kept in position till full capacity is discharged. 

For converting the existing cisterns to dual flushing cisterns, 6 mm dia., rubber tube is fixed 

in the bell of the cistern at the fixed height. The other end of the rubber tube is connected to 

a plastic pipe with a stop-cock at the end to control the entry of air. The cistern will give full 

discharge with the stop cock and fractional discharge with the stop cock open. 

 

C.B.R.I. has also developed an automatic flushing cistern for the urinals. This cistern has 

eliminated the use of copper fittings which are presently provided with the public urinals 

cisterns. The new developed fittings consist of a U-tube made of plastic pipe. 

When the water level in the cistern reaches the level of the bend, the syphonic action takes 

place and the water present in the cistern rushes, to the urinals. This new automatic 

flushing cistern can be cheaply manufactured and easily fixed in the position. Table 25.1 

gives the Flushing Storage Capacities. 
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Note: 

1. If the premises is situated at a place higher than the road level in front of the premises, 

storage at ground level should be provided on the same lines on floor 2. 

2. The above storage may be permitted to be installed provided that the total 

domestic storage calculated on the above basis is not less than the storage 

calculated on the number of down take fittings according to the scales given below: 

(a) Down take taps – 70 Hires each 

(b) Showers – 135 litres each 

(c) Bath tubs – 200 litres each 
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Fig. 25.5. illustrates the flat bottom type flushing cistern provided with valve. When the chain 

is pulled, it lifts the disc which also suddenly lifts the water above it and starts the siphonic 

action. The valve allows the water to rush in the outlet pipe. 

 

The flushing cisterns are provided with inlet pipe, over-flow pipe and automatic closing float 

ball valve. 

Type # 5. Water-Closet: 

This is a sanitary appliance to receive the human excreta directly and is connected to the 

soil pipe by means of a trap. 

The water closets are classified as follows: 

(A) Squatting type or Indian type: 

(i) Long pan pattern (length 450,580,680 mm) 

(ii) Orissa pattern (length 580,630,680 mm) 

(iii) Rural pattern (length 425 mm) 

(B) Wash-down, Pedestral or European type: 

Fig. 25.6 shows the section through an Indian type water closet. 
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This is manufactured in two different pieces: 

(a) Squatting pan, and 

(b) Trap. 

The pan is provided with an integral flushing rim of suitable type. The inside of the bottom of 

the pan should have sufficient slope towards the outlet for quick disposal during flushing. 

These are made of vitreous chain clay. The inner portion is glazed to make it easy in 

cleaning. The pan is connected to the flushing cistern by means of flushing pipe. The top of 

the trap is connected to the anti-siphon or vent pipe. 

Fig. 25.7 shows the pictorial view of an Indian type water closet. 
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Fig. 25.8 shows the section through a wash-down type water closet which is most 

commonly used in high class buildings. It is provided with a wide flushing rim and 5 cm trap. 

It is one piece construction in which the pan and trap are not separate. It is provided with an 

inlet or supply horn for connecting to the flushing pipe. 

 

It may be provided with P and S trap as desired. These types of water closets require less 

space than squatting pattern type and can be flushed by low level cistern. Nowadays 

siphonic water closets are very popular. Fig. 25.9 shows the isometric view of such a water 

closet. 
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Type # 6. Urinals: 

Urinals can be made in any of the following patterns and sizes: 

 

Bowl type urinals are of one piece construction. Each urinal is provided with two fixing holes 

on the side for fixing it on the wall. At the bottom an outlet horn is provided for connecting it 

to the trap. The inside surface is regular and smooth for ensuring efficient flushing. 

The bottom of the urinal is provided with sufficient slope from the front towards the outlet for 

efficient drainage of the urinal. Bowl type urinals are also provided with flushing rim which is 

connected by flushing pipe to the flushing cistern. Fig. 25.10 illustrates a bowl type urinal. 
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Fig. 25.11 shows the isometric view of two type urinals placed in position. 

 

The slab and stall type urinals are manufactured either as a urinal or as a range of two or 

more and are used in public places such as cinema houses, restaurants, railway stations, 

offices, etc. The squatting plate urinals are mostly used in ladies lavatories and are on piece 

construction. 
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HEATING SYSTEM 

A heating system is a mechanism for maintaining temperatures at an acceptable level; by using 

thermal energy within a home, office, or other dwelling. Often part of an HVAC (heating, 

ventilation, air conditioning) system. A heating system may be a central heating system or 

distributed. 

Heating, ventilation, and air conditioning (HVAC[1]) is the technology of indoor and vehicular 

environmental comfort. Its goal is to provide thermal comfort and acceptable indoor air quality. 

HVAC system design is a subdiscipline of mechanical engineering, based on the principles 

of thermodynamics, fluid mechanics and heat transfer. "Refrigeration" is sometimes added to the 

field's abbreviation, as HVAC&R or HVACR or "ventilation" is dropped, as in HACR (as in 

the designation of HACR-rated circuit breakers). 

HVAC is an important part of residential structures such as single family homes, apartment 

buildings, hotels and senior living facilities, medium to large industrial and office buildings such 

as skyscrapers and hospitals, vehicles such as cars, trains, airplanes, ships and submarines, and in 

marine environments, where safe and healthy building conditions are regulated with respect to 

temperature and humidity, using fresh air from outdoors. 

Ventilating or ventilation (the "V" in HVAC) is the process of exchanging or replacing air in any 

space to provide high indoor air quality which involves temperature control, oxygen 

replenishment, and removal of moisture, odors, smoke, heat, dust, airborne bacteria, carbon 

dioxide, and other gases. Ventilation removes unpleasant smells and excessive moisture, 

introduces outside air, keeps interior building air circulating, and prevents stagnation of the 

interior air. 

Ventilation includes both the exchange of air to the outside as well as circulation of air within the 

building. It is one of the most important factors for maintaining acceptable indoor air quality in 

buildings. Methods for ventilating a building may be divided 

into mechanical/forced and natural types.[2] 

 

Distribution[edit] 

 

In the case of heated water or steam, piping is used to transport the heat to the rooms. Most 

modern hot water boiler heating systems have a circulator, which is a pump, to move hot water 

through the distribution system (as opposed to older gravity-fed systems). The heat can be 

transferred to the surrounding air using radiators, hot water coils (hydro-air), or other heat 

exchangers. The radiators may be mounted on walls or installed within the floor to produce floor 

heat. 

The use of water as the heat transfer medium is known as hydronics. The heated water can also 

supply an auxiliary heat exchanger to supply hot water for bathing and washing. 
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Air[edit] 

Warm air systems distribute heated air through duct work systems of supply and return air 

through metal or fiberglass ducts. Many systems use the same ducts to distribute air cooled by an 

evaporator coil for air conditioning. The air supply is normally filtered through air cleaners to 

remove dust and pollen particles.[citation needed] 

Dangers[edit] 

The use of furnaces, space heaters, and boilers as a method of indoor heating could result in 

incomplete combustion and the emission of carbon monoxide, nitrogen 

oxides, formaldehyde, volatile organic compounds, and other combustion byproducts. 

Incomplete combustion occurs when there is insufficient oxygen; the inputs are fuels containing 

various contaminants and the outputs are harmful byproducts, most dangerously carbon 

monoxide, which is a tasteless and odorless gas with serious adverse health effects.[13] 

Without proper ventilation, carbon monoxide can be lethal at concentrations of 1000 ppm 

(0.1%). However, at several hundred ppm, carbon monoxide exposure induces headaches, 

fatigue, nausea, and vomiting. Carbon monoxide binds with hemoglobin in the blood, forming 

carboxyhemoglobin, reducing the blood's ability to transport oxygen. The primary health 

concerns associated with carbon monoxide exposure are its cardiovascular and neurobehavioral 

effects. Carbon monoxide can cause atherosclerosis (the hardening of arteries) and can also 

trigger heart attacks. Neurologically, carbon monoxide exposure reduces hand to eye 

coordination, vigilance, and continuous performance. It can also affect time discrimination.[14] 

Ventilation[edit] 

Main article: Ventilation (architecture) 

Ventilation is the process of changing or replacing air in any space to control temperature or 

remove any combination of moisture, odors, smoke, heat, dust, airborne bacteria, or carbon 

dioxide, and to replenish oxygen. Ventilation includes both the exchange of air with the outside 

as well as circulation of air within the building. It is one of the most important factors for 

maintaining acceptable indoor air quality in buildings. Methods for ventilating a building may be 

divided into mechanical/forced and natural types.[15] 

Mechanical or forced ventilation[edit] 

 

HVAC ventilation exhaust for a 12-story building 

Mechanical, or forced, ventilation is provided by an air handler (AHU) and used to control 

indoor air quality. Excess humidity, odors, and contaminants can often be controlled via dilution 
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or replacement with outside air. However, in humid climates more energy is required to remove 

excess moisture from ventilation air. 

Kitchens and bathrooms typically have mechanical exhausts to control odors and sometimes 

humidity. Factors in the design of such systems include the flow rate (which is a function of the 

fan speed and exhaust vent size) and noise level. Direct drive fans are available for many 

applications, and can reduce maintenance needs. 

Ceiling fans and table/floor fans circulate air within a room for the purpose of reducing the 

perceived temperature by increasing evaporation of perspiration on the skin of the occupants. 

Because hot air rises, ceiling fans may be used to keep a room warmer in the winter by 

circulating the warm stratified air from the ceiling to the floor. 

Natural ventilation[edit] 

 

Ventilation on the downdraught system, by impulsion, or the 'plenum' principle, applied to 

schoolrooms (1899) 

Natural ventilation is the ventilation of a building with outside air without using fans or other 

mechanical systems. It can be via operable windows, louvers, or trickle vents when spaces are 

small and the architecture permits. In more complex schemes, warm air is allowed to rise and 

flow out high building openings to the outside (stack effect), causing cool outside air to be drawn 

into low building openings. Natural ventilation schemes can use very little energy, but care must 

be taken to ensure comfort. In warm or humid climates, maintaining thermal comfort solely via 

natural ventilation might not be possible. Air conditioning systems are used, either as backups or 

supplements. Air-side economizers also use outside air to condition spaces, but do so using fans, 

ducts, dampers, and control systems to introduce and distribute cool outdoor air when 

appropriate. 

An important component of natural ventilation is air change rate or air changes per hour: the 

hourly rate of ventilation divided by the volume of the space. For example, six air changes per 

hour means an amount of new air, equal to the volume of the space, is added every ten minutes. 

For human comfort, a minimum of four air changes per hour is typical, though warehouses might 

have only two. Too high of an air change rate may be uncomfortable, akin to a wind 

tunnel which have thousands of changes per hour. The highest air change rates are for crowded 

spaces, bars, night clubs, commercial kitchens at around 30 to 50 air changes per hour.[16] 
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Room pressure can be either positive or negative with respect to outside the room. Positive 

pressure occurs when there is more air being supplied than exhausted, and is common to reduce 

the infiltration of outside contaminants.[17] 

Airborne diseases[edit] 

Natural ventilation is a key factor in reducing the spread of airborne illnesses such as 

tuberculosis, the common cold, influenza and meningitis. Opening doors, windows, and using 

ceiling fans are all ways to maximize natural ventilation and reduce the risk of airborne 

contagion. Natural ventilation requires little maintenance and is inexpensive.[18] 

Air conditioning[edit] 

Main article: Air conditioning 

An air conditioning system, or a standalone air conditioner, provides cooling and humidity 

control for all or part of a building. Air conditioned buildings often have sealed windows, 

because open windows would work against the system intended to maintain constant indoor air 

conditions. Outside, fresh air is generally drawn into the system by a vent into the indoor heat 

exchanger section, creating positive air pressure. The percentage of return air made up of fresh 

air can usually be manipulated by adjusting the opening of this vent. Typical fresh air intake is 

about 10%.[citation needed] 

Air conditioning and refrigeration are provided through the removal of heat. Heat can be 

removed through radiation, convection, or conduction. Refrigeration conduction media such as 

water, air, ice, and chemicals are referred to as refrigerants. A refrigerant is employed either in a 

heat pump system in which a compressor is used to drive thermodynamic refrigeration cycle, or 

in a free cooling system which uses pumps to circulate a cool refrigerant (typically water or a 

glycol mix). 

It is imperative that the air conditioning horsepower is sufficient for the area being cooled. 

Underpowered air conditioning system will lead to power wastage and inefficient usage. 

Adequate horsepower is required for any air conditioner installed. 

Refrigeration cycle[edit] 

Main article: Heat pump and refrigeration cycle 

 

A simple stylized diagram of the refrigeration cycle: 1) condensing coil, 2) expansion valve, 

3) evaporator coil, 4) compressor 

The refrigeration cycle uses four essential elements to cool. 
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 The system refrigerant starts its cycle in a gaseous state. The compressor pumps the 

refrigerant gas up to a high pressure and temperature. 

 From there it enters a heat exchanger (sometimes called a condensing coil or condenser) 

where it loses energy (heat) to the outside, cools, and condenses into its liquid phase. 

 An expansion valve (also called metering device) regulates the refrigerant liquid to flow at 

the proper rate. 

 The liquid refrigerant is returned to another heat exchanger where it is allowed to evaporate, 

hence the heat exchanger is often called an evaporating coil or evaporator. As the liquid 

refrigerant evaporates it absorbs energy (heat) from the inside air, returns to the compressor, 

and repeats the cycle. In the process, heat is absorbed from indoors and transferred outdoors, 

resulting in cooling of the building. 

In variable climates, the system may include a reversing valve that switches from heating in 

winter to cooling in summer. By reversing the flow of refrigerant, the heat pump refrigeration 

cycle is changed from cooling to heating or vice versa. This allows a facility to be heated and 

cooled by a single piece of equipment by the same means, and with the same hardware. 

Free cooling[edit] 

Main article: Free cooling 

Free cooling systems can have very high efficiencies, and are sometimes combined with seasonal 

thermal energy storage so that the cold of winter can be used for summer air conditioning. 

Common storage mediums are deep aquifers or a natural underground rock mass accessed via a 

cluster of small-diameter, heat-exchanger-equipped boreholes. Some systems with small storages 

are hybrids, using free cooling early in the cooling season, and later employing a heat pump to 

chill the circulation coming from the storage. The heat pump is added-in because the storage acts 

as a heat sink when the system is in cooling (as opposed to charging) mode, causing the 

temperature to gradually increase during the cooling season. 

Some systems include an "economizer mode", which is sometimes called a "free-cooling mode". 

When economizing, the control system will open (fully or partially) the outside air damper and 

close (fully or partially) the return air damper. This will cause fresh, outside air to be supplied to 

the system. When the outside air is cooler than the demanded cool air, this will allow the demand 

to be met without using the mechanical supply of cooling (typically chilled water or a direct 

expansion "DX" unit), thus saving energy. The control system can compare the temperature of 

the outside air vs. return air, or it can compare the enthalpy of the air, as is frequently done in 

climates where humidity is more of an issue. In both cases, the outside air must be less energetic 

than the return air for the system to enter the economizer mode. 

Packaged vs. split system[edit] 

Central, "all-air" air-conditioning systems (or package systems) with a combined outdoor 

condenser/evaporator unit are often installed in North American residences, offices, and public 

buildings, but are difficult to retrofit (install in a building that was not designed to receive it) 

because of the bulky air ducts required. (Minisplit ductless systems are used in these situations.) 

Outside of North America, packaged systems are only used in limited applications involving 

large indoor space such as stadiums, theatres or exhibition halls. 

An alternative to packaged systems is the use of separate indoor and outdoor coils in split 

systems. Split systems are preferred and widely used worldwide except in North America. In 
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North America, split systems are most often seen in residential applications, but they are gaining 

popularity in small commercial buildings. The split systems are a great choice for small 

buildings where ductwork is not feasible or where the space conditioning efficiency is of prime 

concern.[19] The benefits of ductless air conditioning systems include easy installation, no 

ductwork, greater zonal control, flexibility of control and quiet operation.[citation needed] In space 

conditioning, the duct losses can account for 30% of energy consumption.[20] The use of minisplit 

can result in energy savings in space conditioning as there are no losses associated with ducting. 

With the split system, the evaporator coil is connected to a remote condenser unit using 

refrigerant piping between an indoor and outdoor unit instead of ducting air directly from the 

outdoor unit. Indoor units with directional vents mount onto walls, suspended from ceilings, or 

fit into the ceiling. Other indoor units mount inside the ceiling cavity, so that short lengths of 

duct handle air from the indoor unit to vents or diffusers around the rooms. 

Split systems are more efficient and the footprint is typically smaller than the package systems. 

On the other hand, package systems tend to have slightly lower indoor noise level compared to 

split system since the fan motor is located outside. 

Dehumidification[edit] 

Dehumidification (air drying) in an air conditioning system is provided by the evaporator. Since 

the evaporator operates at a temperature below the dew point, moisture in the air condenses on 

the evaporator coil tubes. This moisture is collected at the bottom of the evaporator in a pan and 

removed by piping to a central drain or onto the ground outside. 

A dehumidifier is an air-conditioner-like device that controls the humidity of a room or building. 

It is often employed in basements which have a higher relative humidity because of their lower 

temperature (and propensity for damp floors and walls). In food retailing establishments, large 

open chiller cabinets are highly effective at dehumidifying the internal air. Conversely, a 

humidifier increases the humidity of a building. 

Maintenance[edit] 

All modern air conditioning systems, even small window package units, are equipped with 

internal air filters. These are generally of a lightweight gauze-like material, and must be replaced 

or washed as conditions warrant. For example, a building in a high dust environment, or a home 

with furry pets, will need to have the filters changed more often than buildings without these dirt 

loads. Failure to replace these filters as needed will contribute to a lower heat exchange rate, 

resulting in wasted energy, shortened equipment life, and higher energy bills; low air flow can 

result in iced-over evaporator coils, which can completely stop air flow. Additionally, very dirty 

or plugged filters can cause overheating during a heating cycle, and can result in damage to the 

system or even fire. 

Because an air conditioner moves heat between the indoor coil and the outdoor coil, both must 

be kept clean. This means that, in addition to replacing the air filter at the evaporator coil, it is 

also necessary to regularly clean the condenser coil. Failure to keep the condenser clean will 

eventually result in harm to the compressor, because the condenser coil is responsible for 

discharging both the indoor heat (as picked up by the evaporator) and the heat generated by the 

electric motor driving the compressor. 

Energy efficiency[edit] 
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Since the 1980s, manufacturers of HVAC equipment have been making an effort to make the 

systems they manufacture more efficient. This was originally driven by rising energy costs, and 

has more recently been driven by increased awareness of environmental issues. Additionally, 

improvements to the HVAC system efficiency can also help increase occupant health and 

productivity.[21] In the US, the EPA has imposed tighter restrictions over the years. There are 

several methods for making HVAC systems more efficient. 

Heating energy[edit] 

In the past, water heating was more efficient for heating buildings and was the standard in the 

United States. Today, forced air systems can double for air conditioning and are more popular. 

Some benefits of forced air systems, which are now widely used in churches, schools and high-

end residences, are 

 Better air conditioning effects 

 Energy savings of up to 15-20% 

 Even conditioning[citation needed] 

A drawback is the installation cost, which can be slightly higher than traditional HVAC systems. 

Energy efficiency can be improved even more in central heating systems by introducing zoned 

heating. This allows a more granular application of heat, similar to non-central heating systems. 

Zones are controlled by multiple thermostats. In water heating systems the thermostats 

control zone valves, and in forced air systems they control zone dampers inside the vents which 

selectively block the flow of air. In this case, the control system is very critical to maintaining a 

proper temperature. 

Forecasting is another method of controlling building heating by calculating demand for heating 

energy that should be supplied to the building in each time unit. 

Ground source heat pump[edit] 

Main article: Geothermal heat pump 

Ground source, or geothermal, heat pumps are similar to ordinary heat pumps, but instead of 

transferring heat to or from outside air, they rely on the stable, even temperature of the earth to 

provide heating and air conditioning. Many regions experience seasonal temperature extremes, 

which would require large-capacity heating and cooling equipment to heat or cool buildings. For 

example, a conventional heat pump system used to heat a building in Montana's −70 °F (−57 °C) 

low temperature or cool a building in the highest temperature ever recorded in the US—134 °F 

(57 °C) in Death Valley, California, in 1913 would require a large amount of energy due to the 

extreme difference between inside and outside air temperatures. A few feet below the earth's 

surface, however, the ground remains at a relatively constant temperature. Utilizing this large 

source of relatively moderate temperature earth, a heating or cooling system's capacity can often 

be significantly reduced. Although ground temperatures vary according to latitude, at 6 feet 

(1.8 m) underground, temperatures generally only range from 45 to 75 °F (7 to 24 °C). 

An example of a geothermal heat pump that uses a body of water as the heat sink, is the system 

used by the Trump International Hotel and Tower in Chicago, Illinois. This building is situated 

on the Chicago River, and uses cold river water by pumping it into a recirculating cooling 
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system, where heat exchangers transfer heat from the building into the water, and then the now-

warmed water is pumped back into the Chicago River.[citation needed] 

While they may be more costly to install than regular heat pumps, geothermal heat pumps can 

produce markedly lower energy bills – 30 to 40 percent lower, according to estimates from the 

US Environmental Protection Agency.[citation needed] 

Geothermal heat pumps still provide higher efficiency than air source heat pumps. Some models 

provide 70% saving compared to electric resistance heaters.[citation needed] 

Ventilation energy recovery[edit] 

Energy recovery systems sometimes utilize heat recovery ventilation or energy recovery 

ventilation systems that employ heat exchangers or enthalpy wheels to recover sensible or latent 

heat from exhausted air. This is done by transfer of energy to the incoming outside fresh air.  

Air conditioning energy[edit] 

The performance of vapor compression refrigeration cycles is limited 

by thermodynamics.[22] These air conditioning and heat pump devices move heat rather than 

convert it from one form to another, so thermal efficiencies do not appropriately describe the 

performance of these devices. The Coefficient-of-Performance (COP) measures performance, 

but this dimensionless measure has not been adopted. Instead, the Energy Efficiency Ratio (EER) 

has traditionally been used to characterize the performance of many HVAC systems. EER is the 

Energy Efficiency Ratio based on a 35 °C (95 °F) outdoor temperature. To more accurately 

describe the performance of air conditioning equipment over a typical cooling season a modified 

version of the EER, the Seasonal Energy Efficiency Ratio (SEER), or in Europe the ESEER, is 

used. SEER ratings are based on seasonal temperature averages instead of a constant 35 °C 

(95 °F) outdoor temperature. The current industry minimum SEER rating is 14 

SEER.[23] Engineers have pointed out some areas where efficiency of the existing hardware could 

be improved. For example, the fan blades used to move the air are usually stamped from sheet 

metal, an economical method of manufacture, but as a result they are not aerodynamically 

efficient. A well-designed blade could reduce electrical power required to move the air by a 

third.[24] 

Demand controlled kitchen ventilation[edit] 

Main article: Demand controlled ventilation 

Demand controlled kitchen ventilation (DCKV) is a building controls approach of controlling the 

volume of kitchen exhaust and supply air in response to the actual cooking loads in a commercial 

kitchen. Traditional commercial kitchen ventilation systems operate at 100% fan speed 

independent of the volume of cooking activity and DCKV technology changes that to provide 

significant fan energy and conditioned air savings. By deploying smart sensing technology, both 

the exhaust and supply fans can be controlled to capitalize on the affinity laws for motor energy 

savings, reduce makeup air heating and cooling energy, increasing safety and reducing ambient 

kitchen noise levels.[25] 

Air filtration and cleaning[edit] 

Main article: Air filter 
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Air handling unit, used for heating, cooling, and filtering the air 

Air cleaning and filtration removes particles, contaminants, vapors and gases from the air. The 

filtered and cleaned air then is used in heating, ventilation and air conditioning. Air cleaning and 

filtration should be taken in account when protecting our building environments.[26] 

Clean air delivery rate and filter performance[edit] 

Clean air delivery rate is the amount of clean air an air cleaner provides to a room or space. 

When determining CADR, the amount of airflow in a space is taken into account. For example, 

an air cleaner with a flow rate of 100 cfm (cubic feet per minute) and an efficiency of 50% has a 

CADR of 50 cfm. Along with CADR, filtration performance is very important when it comes to 

the air in our indoor environment. Filter performance depends on the size of the particle or fiber, 

the filter packing density and depth and also the air flow rate.[26] 
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WATER SUPPLY SYSTEM 

A water supply network or water supply system is a system of 

engineered hydrologic and hydraulic components which provide water supply. A water supply 

system typically includes: 

1. A drainage basin (see water purification - sources of drinking water). 

2. A raw water collection point (above or below ground) where the water accumulates, such 

as a lake, a river, or groundwater from an underground aquifer. Raw water may be 

transferred using uncovered ground-level aqueducts, covered tunnels or 

underground water pipes to water purification facilities. 

3. Water purification facilities. Treated water is transferred using water pipes (usually 

underground). 

4. Water storage facilities such as reservoirs, water tanks, or water towers. Smaller water 

systems may store the water in cisterns or pressure vessels. Tall buildings may also need 

to store water locally in pressure vessels in order for the water to reach the upper floors. 

5. Additional water pressurizing components such as pumping stations may need to be 

situated at the outlet of underground or above ground reservoirs or cisterns (if gravity 

flow is impractical). 

6. A pipe network for distribution of water to the consumers (which may be private houses 

or industrial, commercial or institution establishments) and other usage points (such 

as fire hydrants). 

7. Connections to the sewers (underground pipes, or aboveground ditches in some 

developing countries) are generally found downstream of the water consumers, but the 

sewer system is considered to be a separate system, rather than part of the water supply 

system. 

Water supply networks are often run by public utilities of the water industr 

Water treatmen 
Virtually all large systems must treat the water; a fact that is tightly regulated by global, state and 

federal agencies, such as the World Health Organization (WHO) or the United States 

Environmental Protection Agency (EPA). Water treatment must occur before the product reaches 

the consumer and afterwards (when it is discharged again). Water purification usually occurs 

close to the final delivery points to reduce pumping costs and the chances of the water becoming 

contaminated after treatment. 

Traditional surface water treatment plants generally consists of three steps: clarification, 

filtration and disinfection. Clarification refers to the separation of particles (dirt, organic matter, 

etc.) from the water stream. Chemical addition (i.e. alum, ferric chloride) destabilizes the particle 

charges and prepares them for clarification either by settling or floating out of the water stream. 

Sand, anthracite or activated carbon filters refine the water stream, removing smaller particulate 

matter. While other methods of disinfection exist, the preferred method is via chlorine addition. 

Chlorine effectively kills bacteria and most viruses and maintains a residual to protect the water 

supply through the supply network. 

Water distribution network: Water distribution system 
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USA Not Combined City Water System 

 

The Central Arizona Project Aqueduct transfers untreated water 

 

Most (treated) water distribution happens through underground pipes 
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Pressurizing the water is required between the small water reserve and the end-user 

The product, delivered to the point of consumption, is called potable water if it meets the water 

quality standards required for human consumption. 

The water in the supply network is maintained at positive pressure to ensure that water reaches 

all parts of the network, that a sufficient flow is available at every take-off point and to ensure 

that untreated water in the ground cannot enter the network. The water is typically pressurised by 

pumping the water into storage tanks constructed at the highest local point in the network. One 

network may have several such service reservoirs. 

In small domestic systems, the water may be pressurised by a pressure vessel or even by 

an underground cistern (the latter however does need additional pressurizing). This eliminates 

the need of a water-tower or any other heightened water reserve to supply the water pressure. 

These systems are usually owned and maintained by local governments, such as cities, or other 

public entities, but are occasionally operated by a commercial enterprise (see water 

privatization). Water supply networks are part of the master planning of communities, counties, 

and municipalities. Their planning and design requires the expertise of city planners and civil 

engineers, who must consider many factors, such as location, current demand, future growth, 

leakage, pressure, pipe size, pressure loss, fire fighting flows, etc. — using pipe network 

analysis and other tools. 

As water passes through the distribution system, the water quality can degrade by chemical 

reactions and biological processes. Corrosion of metal pipe materials in the distribution system 

can cause the release of metals into the water with undesirable aesthetic and health effects. 

Release of iron from unlined iron pipes can result in customer reports of "red water" at the tap. 

Release of copper from copper pipes can result in customer reports of "blue water" and/or a 

metallic taste. Release of lead can occur from the solder used to join copper pipe together or 

from brass fixtures. Copper and lead levels at the consumer's tap are regulated to protect 

consumer health. 

Utilities will often adjust the chemistry of the water before distribution to minimize its 

corrosiveness. The simplest adjustment involves control of pH and alkalinity to produce a water 

that tends to passivate corrosion by depositing a layer of calcium carbonate. Corrosion 

inhibitors are often added to reduce release of metals into the water. Common corrosion 

inhibitors added to the water are phosphates and silicates. 

Maintenance of a biologically safe drinking water is another goal in water distribution. 

Typically, a chlorine based disinfectant, such as sodium hypochlorite or monochloramine is 

added to the water as it leaves the treatment plant. Booster stations can be placed within the 

distribution system to ensure that all areas of the distribution system have adequate sustained 

levels of disinfection. 

Topologie 

Like electric power lines, roads, and microwave radio networks, water systems may have 

a loop or branch network topology, or a combination of both. The piping networks are circular or 

rectangular. If any one section of water distribution main fails or needs repair, that section can be 

isolated without disrupting all users on the network. 

https://en.wikipedia.org/wiki/Potable_water
https://en.wikipedia.org/wiki/Water_quality
https://en.wikipedia.org/wiki/Water_quality
https://en.wikipedia.org/wiki/Pressure
https://en.wikipedia.org/wiki/Service_reservoir
https://en.wikipedia.org/wiki/Pressure_vessel
https://en.wikipedia.org/wiki/Water_well
https://en.wikipedia.org/wiki/Water_privatization
https://en.wikipedia.org/wiki/Water_privatization
https://en.wikipedia.org/wiki/Urban_planner
https://en.wikipedia.org/wiki/Civil_engineering
https://en.wikipedia.org/wiki/Civil_engineering
https://en.wikipedia.org/wiki/Pipe_network_analysis
https://en.wikipedia.org/wiki/Pipe_network_analysis
https://en.wikipedia.org/wiki/Corrosion
https://en.wikipedia.org/wiki/Iron
https://en.wikipedia.org/wiki/Copper
https://en.wikipedia.org/wiki/Domestic_water_system
https://en.wikipedia.org/wiki/Lead
https://en.wikipedia.org/wiki/Solder
https://en.wikipedia.org/wiki/Brass
https://en.wikipedia.org/wiki/Plumbing_fixture
https://en.wikipedia.org/wiki/PH
https://en.wikipedia.org/wiki/Alkalinity
https://en.wikipedia.org/wiki/Calcium_carbonate
https://en.wikipedia.org/wiki/Corrosion_inhibitors
https://en.wikipedia.org/wiki/Corrosion_inhibitors
https://en.wikipedia.org/wiki/Phosphates
https://en.wikipedia.org/wiki/Silicates
https://en.wikipedia.org/wiki/Disinfectant
https://en.wikipedia.org/wiki/Sodium_hypochlorite
https://en.wikipedia.org/wiki/Monochloramine
https://en.wikipedia.org/wiki/Disinfection
https://en.wikipedia.org/wiki/Loop_(graph_theory)
https://en.wikipedia.org/wiki/Graph_theory


Most systems are divided into zones.[1] Factors determining the extent or size of a zone can 

include hydraulics, telemetry systems, history, and population density. Sometimes systems are 

designed for a specific area then are modified to accommodate development. Terrain affects 

hydraulics and some forms of telemetry. While each zone may operate as a stand-alone system, 

there is usually some arrangement to interconnect zones in order to manage equipment failures or 

system failures. 

Water network maintenance 

Water supply networks usually represent the majority of assets of a water utility. Systematic 

documentation of maintenance works using a computerized maintenance management 

system (CMMS) is a key to a successful operation of a water utility.[why?] 

 

Clean drinking water is essential to human life. 

Sustainable urban water supply 

A sustainable urban water supply network covers all the activities related to provision 

of potable water. Sustainable development is of increasing importance for the water supply to 

urban areas. Incorporating innovative water technologies into water supply systems improves 

water supply from sustainable perspectives. The development of innovative water technologies 

provides flexibility to the water supply system, generating a fundamental and effective means of 

sustainability based on an integrated real options approach.[2] 

Water is an essential natural resource for human existence. It is needed in every industrial and 

natural process, for example, it is used for oil refining, for liquid-liquid extraction in hydro-

metallurgical processes, for cooling, for scrubbing in the iron and the steel industry, and for 

several operations in food processing facilities. 

It is necessary to adopt a new approach to design urban water supply networks; water 

shortages are expected in the forthcoming decades and environmental regulations for water 

utilization and waste-water disposal are increasingly stringent. 
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To achieve a sustainable water supply network, new sources of water are needed to be 

developed, and to reduce environmental pollution. 

The price of water is increasing, so less water must be wasted and actions must be taken to 

prevent pipeline leakage. Shutting down the supply service to fix leaks is less and less tolerated 

by consumers. A sustainable water supply network must monitor the freshwater consumption 

rate and the waste-water generation rate. 

Many of the urban water supply networks in developing countries face problems related 

to population increase, water scarcity, and environmental pollution. 

Population growth 

In 1900 just 13% of the global population lived in cities. By 2005, 49% of the global 

population lived in urban areas. In 2030 it is predicted that this statistic will rise to 

60%.[3] Attempts to expand water supply by governments are costly and often not sufficient. The 

building of new illegal settlements makes it hard to map, and make connections to, the water 

supply, and leads to inadequate water management.[4] In 2002, there were 158 million people 

with inadequate water supply.[5] An increasing number of people live in slums, in inadequate 

sanitary conditions, and are therefore at risk of disease. 

Water scarcity 

Potable water is not well distributed in the world. 1.8 million deaths are attributed to unsafe 

water supplies every year, according to the WHO.[6] Many people do not have any access, or do 

not have access to quality and quantity of potable water, though water itself is abundant. Poor 

people in developing countries can be close to major rivers, or be in high rainfall areas, yet not 

have access to potable water at all. There are also people living where lack of water creates 

millions of deaths every year. 

Where the water supply system cannot reach the slums, people manage to use hand pumps, to 

reach the pit wells, rivers, canals, swamps and any other source of water. In most cases the water 

quality is unfit for human consumption. The principal cause of water scarcity is the growth in 

demand. Water is taken from remote areas to satisfy the needs of urban areas. Another reason for 

water scarcity is climate change: precipitation patterns have changed; rivers have decreased their 

flow; lakes are drying up; and aquifers are being emptied. 

Governmental issues[edit] 

In developing countries many governments are corrupt and poor and they respond to these 

problems with frequently changing policies and non clear agreements.[7] Water demand exceeds 

supply, and household and industrial water supplies are prioritised over other uses, which leads 

to water stress.[8] Potable water has a price in the market; water often becomes a business for 

private companies, which earn a profit by putting a higher price on water, which imposes a 

barrier for lower-income people. The Millennium Development Goals propose the changes 

required. 

In advanced economies, the problems are about optimising existing supply networks. These 

economies have usually had continuing evolution, which allowed them to construct infrastructure 

to supply water to people. The European Union has developed a set of rules and policies to 

overcome expected future problems. 
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There are many international documents with interesting, but not very specific, ideas and 

therefore they are not put into practice.[9] Recommendations have been made by the United 

Nations, such as the Dublin Statement on Water and Sustainable Development. 

Optimizing the water supply network 

The yield of a system can be measured by either its value or its net benefit. For a water supply 

system, the true value or the net benefit is a reliable water supply service having adequate 

quantity and good quality of the product. For example, if the existing water supply of a city 

needs to be extended to supply a new municipality, the impact of the new branch of the system 

must be designed to supply the new needs, while maintaining supply to the old system. 

Single-objective optimization 

The design of a system is governed by multiple criteria, one being cost. If the benefit is fixed, 

the least cost design results in maximum benefit. However, the least cost approach normally 

results in a minimum capacity for a water supply network. A minimum cost model usually 

searches for the least cost solution (in pipe sizes), while satisfying the hydraulic constraints such 

as: required output pressures, maximum pipe flow rate and pipe flow velocities. The cost is a 

function of pipe diameters; therefore the optimization problem consists of finding a minimum 

cost solution by optimising pipe sizes to provide the minimum acceptable capacity. 

Multi-objective optimization 

However, according to the authors of the paper entitled, “Method for optimizing design and 

rehabilitation of water distribution systems”, “the least capacity is not a desirable solution to a 

sustainable water supply network in a long term, due to the uncertainty of the future 

demand”.[10] It is preferable to provide extra pipe capacity to cope with unexpected demand 

growth and with water outages. The problem changes from a single objective optimization 

problem (minimizing cost), to a multi-objective optimization problem (minimizing cost and 

maximizing flow capacity). 

Weighted sum method 

To solve a multi-objective optimization problem, it is necessary to convert the problem into a 

single objective optimization problem, by using adjustments, such as a weighted sum 

of objectives, or an ε-constraint method. The weighted sum approach gives a certain weight to 

the different objectives, and then factors in all these weights to form a single objective function 

that can be solved by single factor optimization. This method is not entirely satisfactory, because 

the weights cannot be correctly chosen, so this approach cannot find the optimal solution for all 

the original objectives. 

The constraint method 

The second approach (the constraint method), chooses one of the objective functions as the 

single objective, and the other objective functions are treated as constraints with a limited value. 

However, the optimal solution depends on the pre-defined constraint limits. 

Sensitivity analysis 

The multiple objective optimzation problems involve computing the tradeoff between the costs 

and benefits resulting in a set of solutions that can be used for sensitivity analysis and tested in 

different scenarios. But there is no single optimal solution that will satisfy the global optimality 
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of both objectives. As both objectives are to some extent contradictory, it is not possible to 

improve one objective without sacrificing the other. It is necessary in some cases use a different 

approach. (e.g. Pareto Analysis), and choose the best combination. 

Operational constraints 

Returning to the cost objective function, it cannot violate any of the operational constraints. 

Generally this cost is dominated by the energy cost for pumping. “The operational constraints 

include the standards of customer service, such us: the minimum delivered pressure, in addition 

to the physical constraints such us the maximum and the minimum water levels in storage tanks 

to prevent overtopping and emptying respectively.”[11] 

In order to optimize the operational performance of the water supply network, at the same time 

as minimizing the energy costs, it is necessary to predict the consequences of different pump and 

valve settings on the behavior of the network. 

Apart from Linear and Non-linear Programming, there are other methods and approaches to 

design, to manage and operate a water supply network to achieve sustainability—for instance, 

the adoption of appropriate technology coupled with effective strategies for operation and 

maintenance. These strategies must include effective management models, technical support to 

the householders and industries, sustainable financing mechanisms, and development of 

reliable supply chains. All these measures must ensure the following: system working lifespan; 

maintenance cycle; continuity of functioning; down time for repairs; water yield and water 

quality. 

Sustainable development 

In an unsustainable system there is insufficient maintenance of the water networks, especially in 

the major pipe lines in urban areas. The system deteriorates and then needs rehabilitation or 

renewal. 

 

Sustainable development in an urban water network 

Householders and sewage treatment plants can both make the water supply networks more 

efficient and sustainable. Major improvements in eco-efficiency are gained through systematic 

separation of rainfall and wastewater. Membrane technology can be used for recycling 

wastewater. 

The municipal government can develop a “Municipal Water Reuse System” which is a current 

approach to manage the rainwater. It applies a water reuse scheme for treated wastewater, on a 

municipal scale, to provide non-potable water for industry, household and municipal uses. This 

technology consists in separating the urine fraction of sanitary wastewater, and collecting it for 

recycling its nutrients.[12] The feces and graywater fraction is collected, together with organic 
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wastes from the households, using a gravity sewer system, continuously flushed with non-

potable water. The water is treated anaerobically and the biogas is used for energy production. 

The sustainable water supply system is an integrated system including water intake, water 

utilization, wastewater discharge and treatment and water environmental protection. It requires 

reducing freshwater and groundwater usage in all sectors of consumption. Developing 

sustainable water supply systems is a growing trend, because it serves people’s long-term 

interests.[13] There are several ways to reuse and recycle the water, in order to achieve long-term 

sustainability, such us: 

 Gray water re-use and treatment: gray water is wastewater coming from baths, showers, 

sinks and washbasins. If this water is treated it can be used as a source of water for uses other 

than drinking. Depending on the type of gray water and its level of treatment, it can be re-

used for irrigation and toilet flushing. According to an investigation about the impacts of 

domestic grey water reuse on public health, carried out by the New South Wales Health 

Centre in Australia in the year 2000[citation needed], grey water contains less nitrogen and fecal 

pathogenic organisms than sewage, and the organic content of grey water decomposes more 

rapidly. 

 Ecological treatment systems use little energy: there are many applications in gray water re-

use, such us reed beds, soil treatment systems and plant filters. This process is ideal for gray 

water re-use, because of easier maintenance and higher removal rates of organic 

matter, ammonia, nitrogen and phosphorus. 

Other possible approaches to scoping models for water supply, applicable to any urban area, 

include the following: 

 Sustainable drainage system 

 Borehole extraction 

 Intercluster groundwater flow 

 Canal and river extraction 

 Aquifer storage 

 A more user-friendly indoor water use[clarification needed] 

The Dublin Statement on Water and Sustainable Development is a good example of the new 

trend to overcome water supply problems. This statement, suggested by advanced economies, 

has come up with some principles that are of great significance to urban water supply. These are: 

1. Fresh water is a finite and vulnerable resource, essential to sustain life, development and 

the environment. 

2. Water development and management should be based on a participatory approach, 

involving users, planners and policy-makers at all levels. 

3. Women play a central part in the provision, management and safeguarding of water. 

Institutional arrangements should reflect the role of women in water provision and 

protection. 

4. Water has an economic value in all its competing uses and should be recognized as an 

economic good.[14] 
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From these statements, developed in 1992, several policies have been created to give importance 

to water and to move urban water system management towards sustainable development. 

The Water Framework Directive by the European Commission is a good example of what has 

been created there out of former policies. 

Future approaches[edit] 

There is great need for a more sustainable water supply systems. To achieve sustainability 

several factors must be tackled at the same time: climate change, rising energy cost, and rising 

populations. All of these factors provoke change and put pressure on management of available 

water resources.[15] 

An obstacle to transforming conventional water supply systems, is the amount of time needed to 

achieve the transformation. More specifically, transformation must be implemented by 

municipal legislation bodies, which always need short-term solutions too.[citation needed] Another 

obstacle to achieving sustainability in water supply systems is the insufficient practical 

experience with the technologies required, and the missing know-how about the organization and 

the transition process. 

Possible ways to improve this situation is simulating of the network, implementing pilot projects, 

learning from the costs involved and the benefits achieved. 
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PLUMBING SERVICES 

 

A plumbing system is a long-term investment and should be so designed that it does not become 

outdated and need replacement while its major parts are still serviceable. This requires careful 

estimation of current and future demand so that the correct capacity can be specified. The 

capacity and dimensions of component parts in a plumbing installation should be adequate to 

meet both immediate needs and anticipated future use. However, perfection in design is 

frequently compromised by cost, especially in poor and developing communities. Good design of 

plumbing systems is an important step in ensuring that the installations are efficient, safe and 

affordable. It should take into account the special needs and limitations of developing countries 

and should also ensure that the installations are appropriate for the different situations they serve. 

An understanding of the technical requirements and regulatory restrictions is vital for the 

provision of good plumbing services. This chapter includes design recommendations for 

plumbing installations in single dwellings, multiple dwellings and multi-storey buildings. It deals 

with special issues related to industrial and other special purposes, hot water and other dual 

supply systems and storm water drainage. It includes guidelines on capacities of plumbing 

systems, plumbing materials and products, and the use of protective devices to prevent 

backsiphonage and backflow. 11.1 Drinking-water supply pipes and specifications Table 11.1 

lists the typical unit water demands for the design of plumbing systems for various classes of 

buildings. In each case the actual values will depend on local conditions, but no water service 

pipe should be of less than 20 millimetres (0.75 inch) diameter and all water service pipes should 

be laid so as to avoid high points where air may become trapped. Usually the water service pipe 

between the public main and the curb cock (the water authority’s main water shut-off valve) at 

the boundary of the property belongs to the water authority, which assumes responsibility for its 

future maintenance, and the remainder of the service pipe is the responsibility of the owner of the 

property (in many cases, the responsibility of the water authority is extended up to the meter). 

HEALTH ASPECTS OF PLUMBING 58 59 The depth at which the service pipe should be laid 

will depend on climatic and other circumstances. In areas subject to frost, the depth specified 

should be sufficient to avoid damage from freezing, and a depth of 1 metre (3 feet) or even more 

may be required. However, a maximum depth should be specified to facilitate future 

maintenance and installation procedures and to enable the pipe to be tracked if required. In 

tropical areas it is desirable that the incoming water should be kept cool, and a depth of 0.5 

metres (20 inches) may be suitable. Where the ground is under cultivation, a depth of 0.8 metres 

(30 inches) should provide adequate protection. Distance requirements from other services such 

as electric, telecommunications and gas pipes should be specified. Under no circumstances 

should a service pipe be permitted to pass through a sewer, access chamber or inspection 

chamber. Table 11.2 shows the minimum diameter of water pipes needed to supply various types 

of plumbing fixtures. 11.2 Drainpipes Each separately occupied building should have its own 

drain connection terminating at the public sewer. Such drains should be of adequate size, and 



laid at a constant gradient that will permit their contents to discharge at a self-cleansing velocity. 

Drains carrying human wastes need to have a diameter of at least 100 millimetres (4 inches) for a 

single dwelling and at least 150 millimetres (6 inches) if more than one property is served. 

Where a number of plumbing systems have  TYPICAL DEMANDS FOR VARIOUS USES 

Class of building Consumption per day (litres) Dwelling houses and apartments, per occupant 

40–120 Industrial and commercial premises, staff sanitary facilities, per staff member 10–30 

Addition per staff member, if showers or baths are provided 10–15 Motels, per occupant plus 

staff: With communal baths 100–200 With private bathrooms for each bedroom 200–400 Luxury 

hotels in the tropics 400–600 Hospitals, per bed, including catering and laundry 350–500 Nurses’ 

homes and medical quarters, per occupant 115–150 Schools, per occupant plus staff: Day 

schools 15–30 Boarding schools 100–200 Cinemas, theatres, per seat 8–15 Restaurants, per seat 

plus staff 75–100 Laundries, per kg dry laundry: Hand operated 30–40 Mechanized 60–90 

Airports, bus or railway terminals, per passenger catered for plus staff 15–45 Addition per 

passenger catered for, if showers or baths are provided 10–15 Source: Taylor & Wood 1982 (p. 

55). HEALTH ASPECTS OF PLUMBING 58 59 11. DESIGN OF PLUMBING SYSTEMS 

TABLE 11.2 MINIMUM INTERNAL DIAMETER OF WATER PIPES TO PLUMBING 

FIXTURES Plumbing fixture Minimum internal diameter Drinking fountain, washbasin, water 

closet with flush tank 10 mm (0.375 inch) Bathtub, domestic dishwasher, hose connection, 

domestic water heater, shower, sink, urinal with flush tank 15 mm (0.5 inch) Commercial sink, 

urinal with flush valve 20 mm (0.75 inch) Water closet with flush valve 25 mm (1 inch) Source: 

Taylor & Wood 1982 (p. 60). a single connection to the sewer, the plumbing authority may 

require a combined drainage agreement or other documentation to ensure that disputes do not 

arise over the apportionment of maintenance responsibility. Although internal and external drains 

are often referred to as “horizontal”, they should never be laid level, but at a constant gradient 

that will ensure satisfactory drainage. A minimum velocity of 0.6 metres (2 feet) per second will 

prevent solids building up to block the pipe, and if the maximum velocity is limited to 3 metres 

(10 feet) per second this will prevent scouring and damage to the pipes. Table 11.3 shows the 

gradients at which these velocities are reached in pipes of various diameters and the approximate 

quantities that will be carried at such velocities. TABLE 11.3 GRADIENTS TO PRODUCE 

MINIMUM AND MAXIMUM VELOCITIES IN DRAINS Minimum velocity 0.6 metres 

Maximum velocity 3 metres (2 feet) per second (10 feet) per second Diameter Grade Carrying 

capacity Grade Carrying capacity of pipe per second per second US UK US UK mm Inches % 

Litres gallons gallons % Litres gallons It may be necessary to use a pipe with a larger diameter if 

the relative levels of the building and the sewer are such that the appropriate gradient is 

inadequate to give a self-cleansing velocity for a particular size of pipe. However, a larger pipe 

will also have a tendency to lower velocity due to the fact that more of the water is in proximity 

to the frictional bed (contact surface between water and pipe). If the slope of the ground would 

cause the maximum velocity or gradient to be exceeded, the drain should be stepped, with the 

base of each vertical riser being adequately supported and the vertical section of the drain 



securely held in place. Such vertical sections can be more readily secured inside an access 

chamber. 
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