CAPTIVE GENSETS DON'T NEED CAPACITORS — RIGHT? WRON G!
SYNOPSIS:

The application of LT capacitor banks for the twinjectives of reducing kVA
demand from the utility and effecting voltage imgement in the LT network has
frequently caused Genset users into believingdhpacitors are superfluous when
Gensets operate in standalone mode.

What is often not realized is that Gensets havéduability to meet sudden, large
demands of reactive power as in encountered iaiogptocess industries. This results
in sizing the Genset too liberally, leading to hagpital cost. Moreover, the running
costs are high too, due to part-load efficiencieGensets being very poor. Part load
operation affects engine life as well. Judicioupl&ation of fast acting capacitive
compensation can be beneficial to users on alltsoun

This paper describes the reactive power requiresriemgosed on Gensets by different
types of loads, their effect on the engine andgéeerator and the role of dynamic
compensation in optimising the investment on Genset

1. INTRODUCTION:

1.1 The role of power capacitors in improving tlesvpr factor and reducing total cost
of electricity in an industrial installation is Welstablished with regard to supply of
power from the electricity boards/utilities.

1.2 It is thus logical to extend the above appiocadbf power capacitors when power
is drawn from captive diesel gensets to optimisér fperformance.

1.3 It is, however, a common practice that DG setrsigenerally switch off
capacitors or do not install capacitors at all wtienDG set is in use.

1.4 The primary reason for this situation is theagal opinion that capacitors should
not be used along with the loads when the DG sataperation.

1.5 The basis for such an opinion is the apprebartbiat the DG set may get over
loaded due to the fact that the current deliverethb DG set is generally considered
as the indicator of output by most DG set useris. Well known that use of capacitors
will reduce the current drawn from the DG set aadld thus tempt the user to add
more loads on a given DG set. The other reasosuicin an opinion is related to the
risks arising due to sustained leading power faoboditions that would occur with
the use of fixed capacitors in variable load siaret. The ill effects of leading power
factor on the behaviour of the DG sets are welbgetsed.

1.6 Technological developments in the recent ykave, however, resulted in
development of suitable capacitor based REACTIVEMER COMPENSATION
(RPC) Systems which are capable of being used alithgDG sets in a reliable and
safe manner.



1.7 It is also observed that judicious applicatbithis modern technology can
improve the overall efficiency of DG set operataond result in considerable
economic benefits to the DG set user.

1.8 This paper therefore outlines the various factdhich influence the economics of
operation of DG sets and then proceeds to idetitéyspecific REACTIVE POWER
COMPENSATION solutions which could be used to aghia reduction in cost of
energy generated by DG sets.

2. RELEVANCE OF 0.8 POWER FACTOR:

It is widely believed that the average power faetioiwhich a DG Set should operate
is 0.8. The facts stated below are specificallgdoect this is technically erroneous
conclusion.

2.1 Alternators are rated in Volt-Amperes (kVA).igTs logical in the sense that it
specifies the maximum current the alternator cdineleat the system voltage.

2.2 To specify the appropriate power rating ofesdl engine for a particular
Alternator we have to first convert kVA to kW arieteafter kW to BHP. This can
only be done if we assume a certain average Poaaoi-(PF) under which the DG
set would operate.

2.3 The power factor so assumed should be in litke tive average power factor
prevalent in the industry. A typical industrial tbaomprises of induction motors
(typical PF of 0.8 to 0.85), non-linear loads (tgdiPF of 0.5 to 0.6) and combination
of unity PF loads (Resistive heating and incandedgghting). Hence assuming an
average power factor of 0.8 for typical industtegds is considered acceptable by
convention.

2.4 Consequently a power factor of 0.8 is useaéteulating the kW, which is then
converted to the BHP rating of the prime mover. Wimg the BHP it is now possible
to calculate the power rating of the engine.

2.5 It is, however, important to ensure that ureddual operating conditions the kW
loading and current loading should not be exceeded.

2.6 Power Factor of loads supplied by DG sets karefore be improved closer to
unity by use of suitable Reactive Power Compens&igstems keeping in view the
conditions stated in 2.5.

3. Parameters Influencing Economics of DG Set Opetian:

The two major factors that influence the economit®G set operation are:
- Mechanical Factors

- Electrical Factors



The mechanical factors are related to the various engine aspects such as, proper
lubrication, cooling, air intake systems, maintenance etc., since these issues are
considered common to all situations and they are not dealt with in this paper. |t
however isto be understood that for proper performance of the engine these factors
are paramount and should be addressed with great care on a continuous basis.

The electrical factors can be broadly classifigd the following:
- Alternator Efficiency

- Power losses occurring in the electrical distidrunetwork.

- Average kW loading on the DG Set.

3.1. Alternator Efficiency:

The efficiency of an alternator is a function of tiotal losses that occur within the
alternator. For practical purpose we can constuesd as iron and copper losses,
since other losses such as windage and fricti@etostc are negligible. The iron
losses are generally considered to be constaspentive of loading of the machine.
However the copper losses in the alternator anegotional to the square of the
current delivered by it.

Hence any reduction in current supplied by theradtr shall result in reduced
losses. These losses shall be equivalent to a givexunt of energy, which is a
function of the time for which the alternator oger Since this energy is supplied by
the prime mover, loss reduction ultimately leadesser fuel consumption. The
simplest technology for reducing current in a gilead is to ensure that it operates at
the highest feasible power factor.

The following example gives an approximate caldéatato show the impact of
improvement of alternator efficiency:

Consider a 3 Phase, 415V, 50Hz, 500 kVA DG set used Industry for 6000
hours/year with an average load of approximately R at 0.65 PF. What is the fuel
saving if PF is improved to 0.93? The full load peploss of the alternator is 12 kW
and average yield of the DG set is 3 kWh / litrdugfl (HSD).

Rated Current of Alternator = 695.60 A

Current at 0.65 PF =535 A

Copper loss at this current = 7.1 kW

Current at 0.93 PF =374 A

Copper loss at this current = 3.5 kW

Saving in copper losses = 7.1-3.5 kW



= 3.6 kW

For 6000 hour operation = 3.6 x 6000 kWh

= 21,600 kWh

DG set yield = 3 kWh / litre of HSD,

Potential Saving in HSD fuel = 21600/3 litres peay

= 7,200 litres per year

Potential Savings in Rs. @ Rs. 15/ litre = Rs8,1000 per year.

After due consideration to changes in loading patt®sses occurring in P.F
improvement systems etc., practically about 50%hisfsaving can be achieved.

The equipment required to achieve this power faichprovement is a REACTIVE
POWER COMPENSATION system, the pay back periodmboich could be less than
2 years. The risks of overloading of the DG Set sustained leading Power Factor
conditions occurring are totally eliminated witlethse of this technology.

NOTE: Itisto be ensured under all operating conditions that the effective kW
loading of the machine should never exceed the capability of the prime mover
irrespective of all other issues.

3.2.Power Losses occurring in the Electrical distributon network:

The total losses occurring in the electrical disttion network, is a function of the
current flowing through the network and the resis&offered by the current carrying
conductors/switchgear used.

Consequently, reduction of current can be realsenhstalling RPC Systems in the
network as close to the load as feasible. Thishalle the added benefit of reducing
losses between the alternator and the point ofexdtion of the RPC Systems thereby
resulting in further fuel savings.

While the exact savings will be case specific tcheaetwork, it will be reasonably
accurate to say that savings similar to those raeed in 3.1 can be achieved by the
use of a well-engineered scheme.

3.3. Average kW loading pattern on the alternator:

3.3.1This is the most significant factor in terms of finel consumed by a DG set.
One can get a graph from the DG Set manufactuagmgikies a typical curve of
kWh/litre yield of DG sets versus the percentageliog of the set. It can be seen
from the graph that most optimum performance iseagu as the loading tends
towards 80% of the capability of the machine. Cqnsetly, it should be the
endeavour of all the DG set users, particularhséhwho are using the set as the
prime source of power supply, to achieve optimuading.



3.3.2In order to understand typical loading patterb@f sets, it is necessary to go
into the process of how a DG set rating is seleciéd selection process of a DG set
involves the following steps:

- STEP 1 Listing of all loads in terms of their operatikg/ and Power Factor.

- STEP 2 Aggregate loading based on the step 1 multifded suitable demand
factor. (Since all loads may not operate simultasgg.

- STEP 3 Providing additional kW capacity to meet shortrigpeak load
requirements which arise due to various load chearatics such as starting of
induction motors, operation of traction loads sasHifts, cranes etc., intermittent
operation of welding machines etc.,

- STEP 4 Providing yet more additional kW capacity in fbem of a derating factor,
due to the fact that some loads are harmonic géngraads. Typical examples are
DC motors, variable speed drives and other devigbgh have thyristor based
operation.

- STEP 5 Provision of additional kW capacity to meet fugtureeds.

Consequently, the resultant rating of the DG s&text at by this process is generally
higher than needed for regular operation. It isrdéfore, quite common to find that
most DG sets are loaded only between 40 to 60%edf tapacity for a majority of
the operating period.

As a result the practical kwh /litre of HSD achidvs lower than the actual
capability of the machine. It is therefore obvidliat if the loading can be increased
significant savings in fuel economy can be achieved

For example: -

- If total units generated = 10,00,000 kWh/year

HSD Consumption @ 60% loading = 10,00,000/3.0ditre

= 3,33,335 litres

HSD Consumption @ 80% loading = 10,00,000/3.6ditre

= 2,77,780 litres

- Annual Savings in HSD = 55,555 litres

- Annual Savings in Rs. = 55,555 x Rs.15/litre

= Rs. 8,33,325 /-

- Saving in Rs./kWh = Rs. 0.83 per unit generated.



REACTIVE POWER COMPENSATION SYSTEMS can enable D.G set usersto
reconfigure their loads/ D.G sets to achieve better percentage loading on the
machines. As a result reduction in cost / kWh can be attained.

4 In order to highlight the practical issues and ligmevolved in using RPC
SYSTEMS,

typical cases are given below:
4.1 Case 1:

4.1.1 PROBLEM:

An Industry has power supply connection from theckElicity Board and has a captive
DG set, which is used if there is an interruptiortlectricity Board Power Supply or
when incoming Power Quality is considered unsuiabhe DG set, therefore,
operates for an average of 2000 hrs per year.

This industry has a 250 kVA DG set which is loadédn average of 120 kW at 0.7
PF. In addition, there are 40 kW of other load$imithe same installation, which are
not loaded on the DG set due to capacity restristihat arise during occurrence of
short-term peak loads, such as motor startingjratedmittent welding load.

Due to this, productivity in the Industry is lowdre&shen the DG Set is in operation.

During the period when Electricity Board supplyisilable all loads can be
operated.

Is it possible to:

- Reduce the cost of electricity consumed from the Electricity Board?

- | mprove Productivity when DG Set isin operation?

- Reduce the cost of electricity generated by the DG Set?

4.1.2 SOLUTION:

A well-designed Reactive Power Compensation Scheameprovide the solution as
follows:

- During the period when the Industry is using $yffom the Electricity Board the
RPC system can ensure consistently high PF, thexrettngving demand savings and
reduction in losses and elimination of any PF pgn&lonsequently, cost of
electricity consumed from the EB will be minimised.

- The same RPC system can be also used when t&ing using supply from the
DG set.



- The fast acting property of the RPC system willuce the peak load requirements
that are to be met from the DG set. This is aclildweproviding instantaneous
compensation from the RPC system during conditimsn motors are started and /
or welding machines are being operated. This willde the Industry to transfer the
40 kW of additional load on to the DG set and eashat productivity is improved
when the DG set is in operation.

- Due to better loading, the DG set efficiency wilprove in line with the graph.
Consequently the cost per unit of Electricity gated by the DG set will reduce from
Rs. 5.30/kWh to Rs 4.50/kWh i.e. a saving of 15%gsained below.

- Before the use of RPC System, the loading fadft@’G set was 60%, consequently
giving an yield of 3 kWh/litre. Taking into accouRs. 0.30/unit of electricity
generated towards the cost of maintenance and ppigeef DG set, the cost per unit
of electricity generated works out to be Rs. 5.9k

- After connecting the RPC system and transfettiegadditional 40 kW load to DG,
the loading factor would improve to 80% and consadjy the yield would improve

to 3.6 kWhl/litre. Taking into account the cost aintenance of DG, the cost per unit
of electricity generated works out to be Rs. 4.9k

- Hence a net saving of Rs. 0.80/kWh generatediigaving of approximately 15% is
achieved.

4.2 Case 2:

4.2.1 PROBLEM:

An Industry has no power supply connection fromltieal Electricity Board. It has
captive DG sets that are used as the supply solineeDG sets, therefore, operate for
an average of 5000 hrs per year.

This industry has a 1 x 1000 kVA + 2 x 500 kVA D&ssoperating in parallel and
loaded at an average of 960 kW at 0.7 PF.

The loading of DG sets is done keeping a provisborshort- term peak load
requirements that arise due to starting of indmctimtors, and operation of lifting
cranes. In addition extra provision is also madecéstain non-linear loads (thyristor
loads) which generate harmonics i.e. DC motorslda8 systems. The total energy
generated per year is 48,00,000 kwWh. Total fuelatntenance costs of the DG Sets
is Rs. 255 lakhs per year resulting in a cost of3R&1 per kWh.

- Can the cost of electricity generated by the 2Gb@ reduced?

4.2.2 SOLUTION:

A well designed Reactive Power Compensation and/Agtilter System can provide
the solution as follows:



- The fast acting property of the RPC system willuce the peak load requirements
that are to be met from the DG set. This is aclildueproviding instantaneous
compensation from the RPC system during conditwmsn motor starting/crane
operation is taking place.

- The harmonics generated by the non-linear loallbeveliminated by the Active
Filter System

- Lastly the current drawn from the DG Sets witluee

- Consequently the same 960 kW load can now bdiedgpmpm 1 x1000 kVA +1 x
500 kVA operating in parallel.

- One 500 kVA DG set need not be operated.

- Due to better loading, the DG set efficiency wilprove. Consequently, the cost per
unit of electricity generated by the DG set willluee as shown in the calculation
below.

- DG Sets were initially operating at 60% loadiagtbr. The DG set yield at 60%
loading factor is 3 kWh / Litre. The total diesehsumption for 1 no. 1000 kVA and
2 no's 500 kVA DG set is 16,00,000 litres.

- When the 960 kW load is transferred to 1 no. 1008 and 1 no. 500 kVA DG
sets, the loading factor will improve to 80% ane G set yield will be now 3.6
kWh / litre. The total diesel consumption will bevn 13,40,000 litres.

- The annual saving in diesel consumption will 200 litres, which amounts to
approximately Rs.40 Lakhs per year.

- Total savings per year (5000 hrs. operation) R4 akhs.
- Taking into account a fixed cost of Rs. 0.30 Ikidwvards maintenance and upkeep

of DG set, the net savings / kWh of generationletteicity works out to be Rs. 0.80 /
kWh. This is about 15 % of saving.

5. Reactive Power Compensation and

Active Filter Solutions

Reactive Power Compensation systems basically dsenpf a microprocessor
controller to sense the load power factor and/adiee power/ current and give
commands to connect or disconnect the required k¥A&thieve the desired
conditions as programmed in the controller.

The kVAR is provided by suitably sized power capasi/ reactors arranged in
appropriate steps. The RPC system hence shouldshiétedle switching devices to



connect or disconnect the power capacitors alotig pvbtection devices like fuses
and relays.

The type of switching and controlling devices useRPC system depends upon how
fast the reactive power is to be introduced intavidhdrawn from the electrical
system. This, in turn, is dependent upon the typeztrical load to be compensated.
If the response time " of the system is greater than or equal to 5 sgégotontactor
switching with suitable discharge devices can lesluslowever if t " is less than 5
seconds, controlled switching using thyristorseiguired. If t " is less than or equal
to 1 second, it is necessary to use a fast agiega purpose controller to operate
the whole system.

The contactor-switched Reactive Power compensatistems are popularly referred
to asAutomatic Power Factor Correction (APFC) systems.

The thyristor switched systems are knowmgaamic Compensation Systems

(DCS).

5.1 Contactor Switched APFC Systems:

APFC systems have a response time, which is quitieient for fairly steady and / or
slow varying loads. When a contactor switches affjpacitor, a voltage equal to the
value of line voltage at the instant of switchirf§ @ retained at the capacitor
terminals. Before this capacitor can be reconnestéfficient time has to be given for
the terminal voltage across it to discharge tofe galue, so as to avoid damaging the
capacitor.

5.2 Dynamic Compensation

This system features controlled switching of powsagpacitors using thyristors and
associated control / firing circuits for reducedpense time. In this system, it is
possible to switch in capacitors at the instantmitevoltage is equal to that of line
voltage, thereby eliminating the need for capasitordischarge. Based upon the
point of sensing dynamic compensation system caniassified a©pen or Closed
loop.

5.2.10pen Loop

If the load operation / switching is sensed digeatid feedback given to the dynamic
compensation system, this is termed as open lopardic compensation system. The
response time in this arrangement is very shortemte this scheme is usually used
for instantaneous compensation. It is also possibtgerate this system by an
external command, which is given just before therafon of the load. Consequently
this system can be operated in " pre- trigger " enaiald therefore has the smallest
response time.

5.2.2 Closed Loop




If the load conditions are sensed as the combimatidoad and capacitor currents,
then this is termed as closed loop dynamic compiemsdn this arrangement the
dynamic compensation system works similar to aawnot switched APFC system,
but with a much faster response.

5.3 Active Filter

Active filter is the state of the art technologyuion for eliminating harmonics
generated from LT non-linear loads, like varialverjtiency drives, UPS, etc. The
active filter works on the principle of generaticmunter-harmonic currents in phase
opposition to that generated by the non-linear lwhith results in cancellation of all
harmonic currents. Thus the non-linear load in dowatiion with active filter presents
itself as a harmonic free load to the network. &bive filter adapts itself to the
requirements of the load on a continuous real bas.

6. CONCLUSION

It is a general practice to oversize the ratin@iesel Generator Sets due to various
technical and other reasons.

Over-sizing results in a lower loading factor on Béts during their normal
operation, leading to increased running cost. \{eriother issues such as load
sharing, escalating fuel cost also have adversadirip terms of productivity and
profitability for the DG Set user.

It has been a practice to avoid the use of capadiicnetworks that are supplied by
DG Sets.

The evolution of Capacitor Application technologyautlined in this paper makes it
practical to improve loading factor on DG setsumzpower losses and finally, lower
the cost per kWh generated.

The judicious use of well-engineered capacitor ddeactive Power Compensation
technologies can therefore result in improved DGpseformance, reduced energy
cost and better productivity in installations /wetks supplied by Diesel Generating
Sets.



