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Changing patterns of urbanization, technology and
industrialization in many parts of the world has placed a
great demand for more reliable, cost effective and
efficient facilities and methods for the generation of
electrical power.

Electricity is a form of energy produced by an electrical
generator driven by some form of engine, such as a
turbine or an internal combustion engine. Since electricity
cannot be stored on a large scale, it must be produced as
required. However, the demand for electricity can
fluctuate widely throughout the day and from season to
season.

Large-scale power generating facilities are complex plants
and are often described by their use of primary energy,
such as hydro-electric, coal, oil or gas-fired, diesel or
nuclear powered, etc. The type of power generation plant
selected is often determined by the availability of a reliable
source of fuel and on the quality of the fuel itself. Other
forms of energy conversion are used on a smaller scale
such as tidal, ocean thermal, wind, solar, and gasification.

This brochure does not cover electrical power
transmission.

METHODS of POWER GENERATION

Before looking at the specific lubrication needs of the
power generation industry, it is worthwhile to broadly
review the most widely used methods of power generation,
namely hydro-electric, steam generating, and direct
conversion.

. Hydro-electric power stations utilize the force of water
passing through a hydraulic turbine to produce electricity.
While hydro-electric power generation produces the
cheapest electricity, it can only be a viable method of
power generation in areas where suitable rainfall is
available, and where the surrounding topography of the
power station allows water to be stored and the flow of
water to be regulated into the turbine

The type of turbine used is dependent on the available
head of water. However, the principles of electricity
generation are the same, in that the potential energy of
the water is converted to rotational energy in the turbine
which, in turn, rotates a rotor in an electrical generator
(through a coupling) to produce electrical power.



. Steam generating power stations are still the most
widely used facilities for satisfying commercial, industrial,
and domestic electricity requirements on a large scale. ln a
steam generating power station, the principle of power
generation involves the conversion of fuel energy (such as
coal, oil, gas, or nuclear) into heat to convert water into high-
pressure steam in a boiler which, in turn, is used to drive a
turbine coupled to a generator to produce electricity. Smaller
turbines are able to operate at higher rotational speeds for
efficiency and, with these units, reduction gears are used to
reduce the rotational speed to that required for generation

of electricity at the local power frequency (50 or 60 Hz).

ln a coal-fired power station, coal is transported by

conveyors into a coal bunker or hopper. The coal passes

through a pulverizing or grinding mill where it is crushed to

a fine dust, mixed with air and blown into a boiler furnace
to undergo combustion. Because of the wide range of coal
types, and the different quality levels of the coal, coal
handling equipment and boiler design is often very specific
to the coal feedstock used.

For the majority of coal-fired power stations, the boiler
units consist of rows of tubes contained in a boiler housing.
Steam is produced by passing the boiler water through
these rows of tubes in the furnace (to expose as great an

area as possible to the flames).

The hot gases from the furnace are used to superheat the
steam and then heat the water coming into the boiler. The
superheated steam is passed into a steam turbine through
a number of stages where it strikes the blades of the turbine
and causes the shaft to rotate at a controlled high speed.
This rotational energy is then converted into electrical
energy in an electrical generator.

ln an oil-fired steam generating power station, fuel oil is
pumped from tank storage rnto a circulating system, where
it is often pre-heated and centrifuged before injection at

high pressure into burner units fitted through the sides of
the boiler walls. Steam generation and electncity production

occur in a similar way to that described above for coal-fired
power stations.

Fuel quality of distillate and residual fuels can vary
considerably from location to location and consideration
must be given to fuel properties such as sulfur content,

ash level and asphaltenes to ensure correct combustion
and emission levels are maintained.

Gas-fired steam generating power stations are utilized in
locations where coal or oil is not readily available and
transportation logistics may be prohibitive, and the use of
gas, often delivered via a pipeline, is more economically
viable. The major types of gas used on large-scale, gas-
fired steam generating power stations are petroleum gases
such as LPG and natural gas. Power generation principles
are the same as in other fosstl-fueled power plants.

Nuclear-fueled power stations are also utilized to
generate heat to produce steam, and demand very
rigorous and tightly controlled fuel handling procedures
and equipment. Various types of nuclear reactors are used
and generally operate on the same principle of controlled
splitting of certain uranium or plutonium atoms to produce
usable heat. The heat produced is extracted by a suitable
coolant, which could be water, an inert gas such as helium,
or a liquid metal. The coolant is passed through the core of
the reactor and the heat that is transferred into the coolant
is used to produce steam in a secondary water system
which, in turn, is passed through a steam turbine to turn an
electrical generator that produces electricity.

. Direct conversion is a method of power generation in
which fuel is directly converted into rotational energy and
electrical power. ln this method, internal combustion
engines and gas turbines are used to convert fuel energy
(residual oils, diesel, gas) into rotational energy, which in

turn drives an electrical generator and produces electrical
power.

Whilst most direct conversion power generation facilities
are not to the same large scale as steam or hydro-electric
power generation stations, their lower cost and relative
ease and speed of bringing into service have made them a
popular choice for power generation in many developing
economies where the cost of construction of large-scale
conventional power stations is prohibitive.

ln addition, because of their small scale, considerable
development has been carried out using alternate fuel
sources, such as coal-seam gas, landfill gas, and digester
gas in these direct conversion power generation plants.



Turbines are mechanical devices in whrch a medium such
as steam, water, or gas transmits energy to turn a bladed
wheel and shaft to generate power.

Turbines vary in size depending on the application. Large
stationary power plants that produce electricity on a
commercial basis generally use steam turbines or
hydraulic turbines (sometimes referred to as water
turbines) to drive electrical generators, although in recent
years, the use of gas turbines for stationary power plant
use has been gaining wider acceptance"

Hydraulic (Water) Turbines
Hydraulic turbines use water as the medium for transferring
energy into electrical power. They are low-speed units in
comparison to steam turbines, and have different
requirements and configuration. The main types of
hydraulic turbines are classified as either impulse,
reaction, or propeller (suction-jet) turbines AII hydraulic
turbines consist essentially of a casing surrounding a
wheel with curved vanes (buckets), or propellers which
are connected to either a horizontally or vertically
mounted shaft. Vertically mounted shaft layouts are most
commonly encountered with reaction and propeller
turbines"

ln the impulse turbine, high-velocity water issues from a
nozzle and passes with unchanged velocity through the
buckets. ln the reaction turbine, the velocity of the water
increases during its passage through the buckets. ln the
propeller turbine, the water is discharged from a nozzle
into a chamber surrounding the propeller in such a way as
to cause rotation of the propeller with the water flow. The
choice of hydraulic turbine for a particular application will
depend largely on the available head of water, the amount
of water flow through the turbine, and the condition of the
water rtself (such as silt and sediment levels).

The function of the lubricant in a hydraulic turbine is to cool
and lubricate turbine bearings and generator thrust and
guide bearings, and it may also need to act as a hydraulic
medium in the control circuits of the turbine in older
mechanical-hydraulic control systems. While operating
temperatures are lower in hydraulic turbines as compared
to steam or gas turbines (due to the working medium being
cold water), similar oil properties such as long service life,
rust and corrosion protection, and resistance to sludge
formation are still key lubricant requirements.

Steam Turbines
ln the steam turbine, high-pressure, high{emperature
steam expands through an elaborate system of turbine
blades, and converts the heat energy in the steam to
mechanical energy which drives the generator and
produces electricity.

Steam turbines can be classified as either impulse or
reaction turbines, depending on the design of the blades
and the placement and operation of the steam nozzles.
Many steam turbines are coupled direcily to the
generator, and the generator bearings and turbine
bearings are Iubricated with the same lubricant from a
common oil system.

The fan-like blades of the steam turbine vary in diameter
along a central shaft that passes through a number of
chambers. ln compounded turbines, steam is first passed
into the high-pressure chamber while its temperature and
pressure is the highest, and where the turbine blades are
the smallest. After expending some of its energy, the steam
is then passed into the slightly larger bladed intermediate-
pressure chamber of the turbine. As the steam expands
and cools, it is passed into the low-pressure chamber
where the turbine blades increase progressively to their
largest diameter to absorb the reducing energy of the
steam.

The spent steam is passed through a condenser where it
is returned to the liquid phase and cooled prior to being
returned to the boiler for re-use. A considerable amount of
efficiency is gained in the condenser where the large
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pressure drop through the cooling of the steam allows the
maximum amount of heat to be recovered.

The lubrication of steam turbines with the correct types of
lubricant, such as Regal R&O, is vital. Turbines will often be
in operation for many years and while the properties

demanded of the lubricant are not extreme, these properties
must be maintained during continuous operation and a

long service life is therefore expected of the lubricant. The
major function of the lubricant is to cool and lubricate the
turbine and generator bearings, couplings and reduction
gears, as well as protect the entire system from rust,

corrosion and deposits, provide a gas seal and, in some
systems, transmit control impulses from the governor

control system. Turbine oil system capacities are large, so
circulation and purification of the turbine oil is essential to
ensure that acceptable temperature levels are maintained
for the bearings along the turbine shaft, and the turbine oil
is maintained free of contaminating materials such as
water, dirt, sludge, and suspended insoluble matter.

Gas Turbines
The use of gas iurbines for industrial power generation

applications has increased significantly over recent years.

Gas turbines have the ability to be adapted to use a wide
variety of liquid and gaseous fuels, and have found use in
many remote locations for power generation, using locally
available fuels such as condensates, natural gas, coal-
seam gas, landfill gas and digester gas streams.

The basic design and operation of a gas turbine consists of
an air compressor that provides air at high pressure, a

combustion chamber where the air and fuel are mixed and
ignited, and a turbine that drives the compressor. Power
can be taken from the turbine/compressor shaft or from a

separate free turbine that is driven by the hightemperature
exhaust gases. This free turbine can be coupled to a
generator for producing electricity.

Most gas turbine designs fall into one of two categories: (i)

aircraft-type engines, or (ii) conventional heavy-duty
industrial gas turbines:

Aircraft-type gas turbines tend to be used for auxiliary or
emergency power generation because of their high power-

to-weight ratio, low comparative cost, and small size. The
lubricant used in this type of gas turbine must function as a

coolant, as a sealing medium for hot or cold gases and as
a hydraulic medium. lt must protect against rust and
corrosion and must lubricate the ball and roller main
bearings, heavily loaded journal bearings and reduction
gears. Because of the relatively small volume of oil
contained in aircraft-type turbines, synthetic ester lubricants
containing inhibitors and other specialized additives are
used in place of conventional mineral oils.

lndustrial gas turbines require an oil system where large
volumes of oil can be circulated to remove heat from high-
temperature areas quickly and evenly. Because gas
turbines do not have internal cooling to the same degree
as steam or hydraulic turbines, the oil must be capable of
withstanding greater thermal stress and, therefore, may
require the use of a lubricant that can withstand higher oil

temperatures over continuous operating periods.

Some industrial gas turbines have a different bearing
design with a third bearing located near the middle of the
rotor at the compressor discharge. When operating under
severe conditions of high ambient temperatures and high
compressor discharge temperatures, use of conventional
turbine oils may not provide the necessary oxidation
stability required, particularly where seal air temperatures
and portions of the bearing housing exceed 150"C. ln

these conditions Caltex Gas Turbine Oil is the preferred
recommendation.

ln some locations where electricity is not readily available
from a central grid, or where the cost and time frame
required to construct a central power generation facility is
prohibitive, the required power is often produced with
diesel fuel, residual fuel, crude oil, or gas-powered internal
combustion engines coupled to a generating set.

The lubrication needs of the internal combustion engine
will be dependent both on the type of engine fitted and,
most importantly, the type and quality of the fuel.

ln many installations, large low and medium-speed marine-
type engines of either the crosshead or trunk piston
design are used:

Crosshead engines are lubricated by two separate systems,
the cylinder lubrication system, and the circulating oil

system (or system oil) for crankcase lubrication. Caltex
Super DCL series is used for cylinder lubrication, with
the appropriate grade selected on the basis of fuel sulfur
and Base Number requirements, and viscosity grade. ln
some applications where a low Base Number lubricant is

acceptable, Delo 2000, 3000, and 3400 Marine series
may also be used.

The function of the system oil used in crosshead engines
is to cool the pistons (where oil-cooled pistons are used)
and to lubricate the engine journal and thrust bearings, the



crosshead bearing surfaces and, in some cases, the
internal gear sets. Veritas 800 Marine is the system oil
used for this application.

Trunk piston engines have the lower end of the cylinder
open to the crankcase and, in the majority of cases, the
lubricant has the dual role of lubricating both the cylinders
and the crankcase bearings and running gear. With the
increasing use of heavy residual fuel oils with high fuel
sulfur contents, specially developed engine lubricants
need to be used to ensure correct lubrication when these
types of fuels are used.

Where high sulfur content fuels are used, the Base
Number (BN) of the engine lubricant becomes crrtical to
the continued operation of the plant. ln addition to the
correct selection of engine lubricant for its initial BN, in-

service oil monitoring of BN should also be performed, as

well as other in-service testing such as viscosity, fuel
dilution, water content and insolubles.

In locations where residual fuels are used, it may also be
necessary for the fuel to be pre-heated and sometimes
centrifuged to remove water and solid impurities prior to

being injected into the combustion chamber of the engine.

The increasing use of alternate fuels and particularly
gaseous fuels such as landfill gas, coal-seam gas, and
digester gas, has necessitated the development of a

specialized range of engine lubricants to provide correct
lubrication and engine protection when these types of
fuels are utilized.

For lubrication of the governor systems fitted with the
generator units, engine crankcase lubricant is often used.

The electrical
generator is the
principal unit in any
power generation
plant, and its sole
purpose is to

transform mechanical
or rotational energy
into electricitv.

The generator consists of two
main sections - the revolving
section called the rotor,
which is generally directly
coupled to the shaft of the
driving unit, and the stator,
which is a series of coils
grouped cylindrically in a
stationary shell surrounding
the spinning rotor. The rotor
is magnetized by an exciter
and the spinning magnetic
field of the rotor induces
alternating current in the
stationary coils of the stator.

Lubrication of the generator
will generally involve grease

lubrication of bearings on the
smaller units. On larger units driven by turbines rather
than a reciprocating engine, bearings are predominantly
lubricated from the main oil circulating system.

The major function of the governor control system is to
provide a way of controlling the electrical output of the
generator through control of the driving unit that rotates the
generator.

Turbine governor control systems generally fall into one of
three classifications: manual, mechanical-hydraulic, or
electro-hydraulic. The latter two are the most frequently
encountered control systems, with electro-hydraulic being
the most recent developed control mechanism.

Hydraulic Turbines
Governor control systems fitted to hydraulic turbines are
the main oil-using parts of the turbine. Centrifugal
governors are mostly used and the controlling mechanisms
are hydraulic or electro-hydraulically operated. A separate
pump supplies oil from the main turbine oil circulating
system at high pressure to control water flow by operating
valves, gates, or stator vanes This, in turn, controls
turbine speed and power generation through the
generator.

Steam Turbines
ln the case of a steam turbine, the governor control system
operates the high-pressure steam control valves through
electrical signals sent to servo valves and hydraulic
actuators and, thereby, controls turbine speed and power
generation. The governor control system is usually
supplied with oil from the main circulating system.
However, with many electro-hydraulic control systems,
separate oil systems using fire-resistant fluids, such as
RPM FR Fluid 46, have been used mainly because of the



high steam temperatures being encountered and the risk
of fire if the hydraulic fluid lines leak oil into pipe lagging
and onto hot steam pipes and surfaces.

Gas Turbines
Governor control systems in gas turbines operate by
regulating the fuel supply to the nozzles in the combustion
chamber to control turbine speed and power generation.
Because some industrial gas turbines have lubricant
system conditions too severe for conventional mineral-
based turbine oils, synthetic fire-resistant ester-based
fluids are sometimes used in the governor control systems
and may necessitate the use of a separate oil circulation
system.

One of the most important requirements for the long-
term operation of hydraulic and electro-hydraulic control
systems is system-fluid cleanliness, and the need to
ensure that filtration of the hydrauiic fluid is carried out
effectively and regularly.

ln the majority of turbines used in power stations and in
many industrial power generation plants, the turbine is

connected directly to the generator by means of a gear
coupling. These gear couplings can be lubricated with a
high-viscosity oil that is separate from the main turbine oil

circulation system, or may require grease lubrication
using a high-performance grease such as Caltex
Coupling Grease. ln some cases, oil from the main oil
circulation system can also be used.

Because of the high rotational speed of turbines, it may
be necessary to reduce this speed depending on the
particular application involved. While speed reduction
through the use of electric transmissions and hydraulic
torque converters can be used, the use of reduction
gearing is generally more efficient and cost-effective for
industrial applications such as power generation. These
reduction gears can be lubricated with a high-viscosity oil

that is separate from the turbine oil circulation system,
although it is more common to lubricate the reduction
gears with lubricant from the main turbine oil system,
taking the different viscosity requirements of the
reduction gears, turbine bearings and governor control
system into consideration.

The turning gear, which is located centrally on the turbine
shaft, provides a mechanical drive connection to enable
very low-speed rotation of the turbine. lt is necessary to
have the turbine shaft turning before start up and after shut
down to ensure that uniform heating and cooling takes
place throughout the turbine. Uneven heating or cooling can

cause shaft and turbine
blade distortion. A separately

driven oil circulation pump is
utilized to supply oil to the

main bearings of the turbine

so that the hydrostatic
pressure lifts the journals

slightly before the turning
gear is brought into

operation. This protects the

main bearings and reduces

the starting load on the

turning gear. The gears and

bearings of turning gears are

lubricated with oilfrom the

main circulating system,

although the motor bearings

are normally lubricated with a
grease. An auxiliary oil pump is used to supply oil to the
turning gear bearings rather than use the oil pumps driven
from the turbine shaft.

A considerable amount of ancillary equipment that requires
lubrication is used in power generating plant in addition to
that already mentioned.

O Centrifuges used in the oil purification of turbine oil
in oil circulating systems will require lubrication of
bearings and oil pumps.

a Gearboxes, electric motors, pumps and valves
used in areas such as boiler feedwater treatment and
supply, fuel transfer, and cooling water control will
require lubrication.

O Gompressors used for air delivery to gas turbines
or for compressing feed gas will need regular
lubrication.

O Conveyors transporting coal to feed hoppers will
require lubrication of bearings and chain drives.

O Transformers and switchgear used to step up or
step down voltage will require the use of special
low-viscosity oils with excellent dielectric properties,
to insulate and cool windings and coils. Cooling and
extraction fans used on air blowers, turbine units,
reciprocating engine generator set units, and coal
handling equipment will need lubrication of the
motor and fan bearings.
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