
Unit-5- Industrial Electrical Systems-II 

Lecture- DG Set and UPS System 

Diesel power station/DG Set 

A generating station in which diesel engine is used as the prime mover for the 

generation of electrical energy is known as diesel power station/DG Set 

In a diesel power station, diesel engine is used as the prime mover. The diesel burns 

inside the engine and the products of this combustion act as the “working fluid” to 

produce mechanical energy. The diesel engine drives the alternator which converts 

mechanical energy into electrical energy. As the generation cost is considerable due 

to high price of diesel, therefore, such power stations are only used to produce small 

power. 

Although steam power stations and hydro-electric plants are invariably used to 

generate bulk power at cheaper cost, yet diesel power stations are finding favor at 

places where demand of power is less, sufficient quantity of coal and water is not 

available and the transportation facilities are inadequate. These plants are also used 

as standby sets for continuity of supply to important points such as hospitals, radio 

stations, cinema houses and telephone exchanges. 

Advantages 

(i) The design and layout of the plant are quite simple. 

(ii) It occupies less space as the number and size of the auxiliaries is small.  

(iii) It can be located at any place. 

(iv) It can be started quickly and can pick up load in a short time. 

(v) There are no standby losses. 

(vi) It requires less quantity of water for cooling. 

(vii) The overall cost is much less than that of steam power station of the same 

capacity. 

(viii) The thermal efficiency of the plant is higher than that of a steam power station. 

(ix) It requires less operating staff. 

Disadvantages 

(i) The plant has high running charges as the fuel (i.e., diesel) used is costly. 

(ii) The plant does not work satisfactorily under overload conditions for a longer 

period. 

(iii) The plant can only generate small power. 

(iv) The cost of lubrication is generally high. 

(v) The maintenance charges are generally high. 



Schematic Arrangement of Diesel Power Station Fig. 5.1 shows the schematic 

arrangement of a typical diesel power station. Apart from the diesel-generator set, 

the plant has the following auxiliaries: 

(i) Fuel supply system. It consists of storage tank, strainers, fuel transfer pump and 

all day fuel tank. The fuel oil is supplied at the plant site by rail or road. This oil is 

stored in the storage tank. From the storage tank, oil is pumped to smaller all day 

tank at daily or short intervals. From this tank, fuel oil is passed through strainers to 

remove suspended impurities. The clean oil is injected into the engine by fuel 

injection pump. 

(ii) Air intake system. This system supplies necessary air to the engine for fuel 

combustion. It consists of pipes for the supply of fresh air to the engine manifold. 

Filters are provided to remove dust particles from air which may act as abrasive in 

the engine cylinder. 

(iii) Exhaust system. This system leads the engine exhaust gas outside the building 

and discharges it into atmosphere. A silencer is usually incorporated in the system to 

reduce the noise level. 

 

Fig-5.1 Schematic arrangement of Diesel Generator Set 

(iv) Cooling system. The heat released by the burning of fuel in the engine cylinder is 

partially converted into work. The remainder part of the heat passes through the 

cylinder walls, piston, rings etc. and may cause damage to the system. In order to 

keep the temperature of the engine parts within the safe operating limits, cooling is 

provided. The cooling system consists of a water source, pump and cooling towers. 

The pump circulates water through cylinder and head jacket. The water takes away 

heat form the engine and itself becomes hot. The hot water is cooled by cooling 

towers and is recirculated for cooling. 



(v) Lubricating system. This system minimizes the wear of rubbing surfaces of the 

engine. It comprises of lubricating oil tank, pump, filter and oil cooler. The 

lubricating oil is drawn from the lubricating oil tank by the pump and is passed 

through filters to remove impurities. The clean lubricating oil is delivered to the 

points which require lubrication. The oil coolers incorporated in the system keep the 

temperature of the oil low. 

(vi) Engine starting system. This is an arrangement to rotate the engine initially, 

while starting, until firing starts and the unit runs with its own power. Small sets are 

started manually by handles but for larger units, compressed air is used for starting. 

In the latter case, air at high pressure is admitted to a few of the cylinders, making 

them to act as reciprocating air motors to turn over the engine shaft. The fuel is 

admitted to the remaining cylinders which makes the engine to start under its own 

power. 

(vii) Alternator. Alternator is salient pole type synchronous generator, self excited 

and self regulated by an excitation unit. The excitation unit consists of choke, CT, 

diodes and condenser. Voltage is adjustable to within 2.5% of the nominal voltage 

from no-load to full load at rated pf. The choke is meant for adjusting the terminal 

voltage at no load. The CT is meant for adjusting the terminal voltage at load 

condition. 

Sizing of a DG Set: 

a) If the DG set is required for 100% standby, then the entire connected load in HP / 

kVA should be added. After finding out the diversity factor, the correct capacity of a 

DG set can be found out. 

Example : 

Connected Load = 650 kW 

Diversity Factor = 0.54 

(Demand / connected load) 

Max. Demand = 650 x 0.54 = 350 kW 

% Loading = 70 

Set rating = 350/0.7 = 500 kW 

At 0.8 PF, rating = 625 kVA 

b) For an existing installation, record the current, voltage and power factors (kWh / 

kVAh) reading at the main bus-bar of the system at every half-an-hour interval for a 

period of 2–3 days and during this period the factory should be having its normal 

operations. The non-essential loads should be switched off to find the realistic 

current taken for running essential equipment. This will give a fair idea about the 

current taken from which the rating of the set can be calculated. 

 



For existing installation: 

kVA = √3 V I 

kVA Rating = kVA / Load Factor 

where Load factor = Average kVA / Maximum kVA 

c) For a new installation, an approximate method of estimating the capacity of a DG 

set is to add full load currents of all the proposed loads to be run in DG set. Then, 

applying a diversity factor depending on the industry, process involved and 

guidelines obtained from other similar units, correct capacity can be arrived at.  

Battery Sizing: 

The following information is required for sizing of battery 

(i) Engine manufacturer and model 

(ii) Cubic inch displacement  

(iii) Battery system voltage 

(iv) Min. battery electrolyte temperature 

(v) Number of 10 second cranking cycle 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Uninterruptible Power Supply (UPS) 

A UPS is an uninterruptible power supply.  It is a device which maintains a 

continuous supply of electrical power, even in the event of failure of the mains 

(utility) supply.  A UPS is installed between the mains supply and the equipment to 

be protected. 

UPS are used to safeguard various types of equipment.  One of the common uses is 

computers, particularly in data centres and the critical equipment of large 

organizations. 

UPS Working: 

A UPS works by converting the mains alternating current (a.c.) supply to a direct 

current (d.c.) voltage.  The part of the UPS which does this is called the 

rectifier.  Output from the rectifier is then used to charge batteries, which can supply 

power during a mains failure.  The d.c. voltage from the rectifier (or batteries during 

mains failure) is the converted back to a.c. by the UPS inverter and supplies power to 

the equipment. 

 

Fig.5.2 Operating principle of a UPS 

In a UPS, the energy is generally stored in flywheels, batteries, or super capacitors. 

When compared to other immediate power supply system, UPS have the advantage 

of immediate protection against the input power interruptions. It has very short on -

battery run time; however this time is enough to safely shut down the connected 

apparatus (computers, telecommunication equipment etc) or to switch on a standby 

power source. 

UPS can be used as a protective device for some hardware which can cause serious 

damage or loss with a sudden power disruption. Uninterruptible power source, 

Battery backup and Flywheel back up are the other names often used for UPS. The 

available size of UPS units ranges from 200 VA which is used for a solo computer to 

several large units up to 46 MVA. 

Types of UPS 

Generally, the UPS system is categorized into On-line UPS, Off- line UPS and Line 

interactive UPS. Other designs include Standby on-line hybrid, Standby-Ferro, Delta 

conversion On-Line. 

https://www.electrical4u.com/battery-working-principle-of-batteries/
https://www.electrical4u.com/what-is-capacitor/


Off-line UPS 

This UPS is also called as Standby UPS system which can give only the most basic 

features. Here, the primary source is the filtered AC mains (shown in solid path in 

Fig.5.3). When the power breakage occurs, the transfer switch will select the backup 

source (shown in dashed path in figure 1). Thus we can clearly see that the stand by 

system will start working only when there is any failure in mains. In this system, the 

AC voltage is first rectified and stored in the storage battery connected to the 

rectifier. 

When power breakage occurs, this DC voltage is converted to AC voltage by means of 

a power inverter, and is transferred to the load connected to it. This is the least 

expensive UPS system and it provides surge protection in addition to back up. The 

transfer time can be about 25 milliseconds which can be related to the time taken by 

the UPS system to detect the utility voltage that is lost. The block diagram is shown 

below. 

 

Fig.5.3 Off-line or Standby UPS 

On-line UPS 

In this type of UPS, double conversion method is used. Here, first the AC input is 

converted into DC by rectifying process for storing it in the rechargeable battery. 

This DC is converted into AC by the process of inversion and given to the load or 

equipment which it is connected (Fig. 5.4). This type of UPS is used where electrical 

isolation is mandatory. This system is a bit more costly due to the design of 

constantly running converters and cooling systems. Here, the rectifier which is 

powered with the normal AC current is directly driving the inverter. Hence it is also 

known as Double conversion UPS. The block diagram is shown below. 

https://www.electrical4u.com/power-inverter/
https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/


 

Fig.5.4 On-line UPS 

When there is any power failure, the rectifier have no role in the circuit and the 

steady power stored in the batteries which is connected to the inverter is given to 

the load by means of transfer switch. Once the power is restored, the rectifier begins 

to charge the batteries. To prevent the batteries from overheating due to the high 

power rectifier, the charging current is limited. During a main power breakdown, 

this UPS system operates with zero transfer time. The reason is that the backup 

source acts as a primary source and not the main AC input. But the presence of  

inrush current and large load step current can result in a transfer time of about 4-6 

milliseconds in this system. 

Line Interactive UPS 

For small business and departmental servers and webs, line interactive UPS is used. 

This is more or less same as that of off-line UPS. The difference is the addition of tap 

changing transformer. Voltage regulation is done by this tap-changing transformer 

by changing the tap depending on input voltage. Additional filtering is provided in 

this UPS result in lower transient loss. The block diagram is shown below. 

 

Fig.5.4 Line Interactive UPS 

 

https://www.electrical4u.com/battery-working-principle-of-batteries/
https://www.electrical4u.com/what-is-transformer-definition-working-principle-of-transformer/
https://www.electrical4u.com/voltage-regulation-of-transformer/
https://www.electrical4u.com/voltage-or-electric-potential-difference/


Battery Types:  

Typically the following battery types are used in UPS systems: 

 Lead Acid/Plante Battery 

 Lead Acid/Antimony Battery 

 Lead Acid/Calcium Battery 

 Lead Acid/Calcium, Maintenance-free Liquid Electrolyte Battery 

 Lead Acid/Calcium, Maintenance-free Gelled Electrolyte, Sealed Battery 

 Lead Acid (Special Alloy), Suspended Electrolyte, Maintenance-free, Sealed 

Battery 

 Nickel Cadmium, Pocket Plate Liquid Electrolyte Battery 

 

Battery Sizing: 

Manufacturers provide sizing information for their batteries. Generally this 

information assumes a room temperature of 25oC. Batteries which will be operated 

at different temperatures continuously should be calculated specifically for that 

temperature. 

Batteries are generally sized using; Watts per cell or on Ampere per cell. 

Watts per cell method 

Normally information supplied for lead acid batteries designed for short discharge 

times (5-120 minutes) is in the form of kilowatts per cell tabulated for various back-

up times. The required [Watts] per cell are given by: 

𝐴mperes =  
𝑉𝐴 ×𝑝𝑓

×𝑁
+ 𝐴1  

Where: 

VA    = VA of the load 

pf     = power factor 

η      = efficiency of the UPS 

N     = Number of cells 

Al    = any addition load connected to the batteries (in VA)  

Amperes per cell 

Long term discharge lead acid batteries and most nickel cadmium batteries are sized 

using charts expressed in available amps for specified periods of time. The required 

Amperes per cell is: 

𝐴mperes =  
𝑉𝐴 ×𝑝𝑓

×𝑉𝑑𝑐
+ 𝐴1  

http://myelectrical.com/Portals/0/SunBlogNuke/2/Windows-Live-Writer/UPS-Battery-Sizing_E56B/Image%20%5B4%5D_4.png
http://myelectrical.com/Portals/0/SunBlogNuke/2/Windows-Live-Writer/UPS-Battery-Sizing_E56B/Image%20%5B4%5D_4.png
http://myelectrical.com/Portals/0/SunBlogNuke/2/Windows-Live-Writer/UPS-Battery-Sizing_E56B/image38_2.png


Where: 

VA    = VA of the load 

pf     = power factor 

η      = efficiency of the UPS inverter (dc to ac) 

Vdc   = Average Discharge Voltage 

Al     = any addition load connected to the batteries (in A) 

 


