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Preamble
In order to ensure energy efficiency and conservation and to determine the future course
of action, Sustainable and Renewable Energy Development Authority (SREDA) has
developed the Energy Efficiency & Conservation Master Plan up to 2030 in 2016.
Accordingto this plan, the target of energy saving has been set 20% pebgRE30
which will be achieved by the use of energy efficient machinery and equipment as well as
by improving energy management system in the dersisied

In order to achieve thabove mentioned target & to ensure the energy efficiency and
conservation in industrial & commercial sector, SREDA has formulated the Energy Audit
Regul ati on62018. Based on this regulation
Certification Examination tareate energy auditors and energy managers in Bangladesh.

SREDA has prepared the following modules as reading material for four paper
examinations in cooperation with various National and Foreign partner organizations.

Module No | Examination Pape Subjed

Module 01 Paper 01 Fundamentals of Energy Management and En|
Audit

Module 02 Paper 02 Energy Efficiency in Thermal Systems

Module 04 Paper 04 Energy Performance Assessment for Equipn
and Utility Systems

This module @ on Energy Efficiency in Electrical Systenssthe reading material for the
preparation of PapeiBExamination for prospective candidates.

We hope that these modules wilbalact as valuable resource for practicing engineers in
comprehending and implementing energy efficiency measures in the facilities.

Since it is the first iteration of these modules, in some areas there might be a lack of
information. Upgradation of these modules is an ongoing process. Any suggestion and
comments (please email éol.eaa@sreda.gov.hban the contents of those modules will

be highly appreciated.
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Chapter 1: Electrical Systems

1.1Introduction to Electric Power Supply Systems

An electricpowersupplysystemin acountryis comprisef generatinginitsthatproduce
electricity; high voltagetransmissiorines that transportelectricity over long distances;
distribution lines that deliver the electricity to customerssubstationghat connectthe
pieces toeach other; and energy control centersto coordinatethe operationof the
components. Figurelshows a simple electric supply systemwith transmissionand
distributionnetwork and linkages from electricity sources to-asdr.

QENERATION - TRANSMISSION

CUSTOMERSE -_: DISTRIDUTION

Figure 1.1: Electric supply system
Power Generation Plant

Fossilfuelssuchascoal,oil andNatural Gas,nuclearenergy andfalling water(hydel)are
commonlyusedenergysourcesn the powergeneratinglant. A wide andgrowingvariety
of unconventionageneratiortechnologiesandfuels alsohavebeendevelopedincluding
cogeneration, solagnergy, wind generators, and waste mateAbbut 58% of power
generatiorcapacityin Bangladeslis from Naturalgasbasedoowerplant.

The Installed capacity of Power Generation (by plant tgsepn Sept, 2018 given
below:
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Plant Type Installed CapacitfMW)
Power Import 1160
Solar PV 3
Hydro 230
Steam Turbine 2404
Combined Cycle (CC) 5871
Gas Turbine (GT) 1322
Reciprocating Engine (RE) 6053
Total* 17043

*Including Captive Power & Renewable Energy Total Install@égpacity (17,043 +

2,800+290) = 20,133 MW

Plant-wise Installed Capacity (MW)

7%

0%
1%

W Power Import M Solar PV ¥ Hydro
B Steam Turbine B Combined Cycle (CC) B Gas Turbine (GT)

m Reciprocating Engine (RE)

Figure 1.2 a: Primary Grid System in Bangladesh

Fuel-wise Installed Capacity (MW)

Hydro

1% \

Power Import
7%

Total Installed capacity 17043 MW (Sept, 2018)

Figure 1.2 b: Primary Grid System in Bangladesh

The peak demand is expected to be about 17,304 MW in FY2020 and 25,199 MW in 2025

and 33,708 MW in 203based on 7% GDP growth rate.
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The maximum power station in Bangladesh run via natural gas, some of them are run by
HFO (Heavy fuel oil). Mainly Diesel oil and Furnace oil are used for thermal power plant

Transmission and distribution lines

As per Grid @de of Bangladesh, allowable range for frequency variation is 49.0 to 51.0
Hz. Power plants typically produce 50 cycle/second (Hertz) alternatingcurrent
(AC)electricity with Terminal voltage of different generators are 11 KV, 11.5 KV and
15.75 KV. The transmissionand distribution network include substations,lines and
distribution transformerg\t thepowerplant,the 3-phasevoltageis steppedipto ahigher
voltage for transmissionon cables strung on crosscountry towers. High voltage
transmissions used sdhatsmaller,moreeconomicalvire sizescanbeemployedo carry

the lower currentand toreducelosses Sub-stations,containingstepdown transformers,
reducethe voltagefor distributionto industrialusers.The voltageis further reducedfor
commercialfacilities. Electricity must be generatedas and whenit is neededsince
electricity cannotbe storedvirtually in the systemhereis no difference betweena
transmissiorine anda distributionline exceptfor the voltagdevel andpowerhandling
capability. Transmissionlines are usually capableof transmittinglarge quantities of
electricenergyovergreatdistancesTheyoperateat high voltages.

§
| .
I\
\ ¥

Distribution lines carry limited quantities of power over shorter distardig$ voltage
(HV) andextrahigh voltage (EHV) transmissions the next stagefrom power plantto
transportA.C. power over long distancesat voltageslike; 400kV, 230 kV and 132 kV.
These are called as the primary grid systé&fhere transmissiois over 100(KM, high
voltagedirectcurrenttransmissior{HVDC) is alsofavoredto minimize the losses.

Figure 1.3 Cross Country Tower

Subtransmissiometworkat 230 kV,132kVconstituteshe nextlink towards the end user.

High voltage transmission network that transmits the power to grid substation transformers
to be stepped down at 33 kV, 11 kV and 0.4 kV for delivery to the consumers of various
categories.
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Distribution at 11kV/6.6kV/3.3kV constitute the last link to the consumer,who is
connected directly or through transformers depending upon the drawl level of service.

Voltage dropn thelineisin relation to the resistance and reactance of line, length and the
current drawn. For the same quantity of power handled, lower the voltage, higher the
current drawn and higher the voltage drop. The current drawn is inversely proportional to
the voltagdevel for the same quantity of poweandled.

The power loss in line is proportional to resistance and square of currenLcﬁ'se?llgR).
Higher voltage transmission and distribution thus would help to minimize line voltage drop
in the ratio of voltagesand the line power loss in the ratio of square of voltages. For
instance, if distribution of power is raised from 11 kV to 33 kV, the voltage drop would

be lower by a factor 1/3 and the line loss would be lower by a facto?(:ld?,)l/g. Lower
voltagetransmissioranddistributionalsocallsfor largerquantityof conductoronaccount
of current handling capacity needed.
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POWER GRID COMPANY OF BANGLADESH LTD. (PGCB)

\
) 765 KV, 400 KV, 230 KV & 132 KV GRID NETWORK (EXISTING, U/C & PLANNED) LEGEND
\ p Hagarh Existing Ongoing
> 765 kV Line
] 400KVLING e mm
230 KV Line
y s 230KV UG Cable
/ s 132 KV Line
1324V UG Cable
Substation @&
HVDC BB Station 69
Thermal Power Plant ]
Hydro Power Plant  [m]
Renewable Plant =
GasField ¢
Plan up to 2025
AL
\
Ada':-i:P:P 2a 7\ RARANpUP Néagaon
(‘;HAT'I’OGRAM RING
AKSPL v Raozan
Knulmi@-’\‘,-\\_, g’ ita
g
|
20 40 60 80km
0 20 40 60 mi To Madunaghat o ¢ i
Figure 1.4: Primary Grid System in Bangladesh
(Source: PGCB)
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Cascade Efficiency

The primary function of transmission awléstribution equipment is to transfer power
economically and reliably from one locationanother Conductordan the form of wires
andcablesstrungontowersandpolescarrythe high-voltage, ACelectriccurrent.A large
numberof copperor aluminumconductorsare usedto form the transmissiopath. The
resistancef thelong-distancdransmissiortonductorss to be minimized. Energy loss in

transmission lines is wasted in the form%ﬁ?llosses.

Capacitorsareusedtocorrectpowerfactorbycausingthecurrenttoleadthevoltage.When  the
AC currentsare kept in phasewith the voltage, operatingefficiency of the systemis
maintained at a high level.

Circuit-interrupting devices are switches, relays, cirbvgtakers, and fuses. Each of these
devices is designed to carry and interrupt certain levels of current. Making and breaking
the current carrying conductors in the transmission path with a minimum of arcing is one
of the most important characteristics bist device. Relays sense abnormal voltages,
currents, and frequency and operate to proteciytbiEm.

Transformersare placedat strategiclocationsthroughoutthe systemto minimize power
lossedn the T&D system.Theyareusedto changehe voltagelevel from low-to-highin
stepup transformersandfrom high-to-low in stepdown units. Sincethe powerlossof a

transmissiorine is basedn I2R, lossescanbereducedo areasonablevalueby stepping
up the source voltage to a higalue to proportionally reduce the source current.
The powersourceto enduserenergyefficiencylink is a key factor which influencesthe

P energyinput at the sourceof supply,considerthe electricity flow from
Efficiency n: generatiorio theuser in terms of cascadeaergy efficiency.
Step-up Station | A typical cascade efficiency profile from Generatiorlid83 kV user
'I industry is illustratedbelow:
Tmsfnﬁls‘;'ion & Weightedefficiency for various mix of power generation sources viz.
ns Station (Combined Cycle, Reciprocating Engine, Steam turbine and Gas
i Turbine rangesA0-45 % w.r.t.size plant, vintage of plant and capacity
— | utilization.
Trans@ssion &
Stationns | Stepup to 400 kV to enablEHV transmssion.Envisaged maximum
L losses 1.0 % or efficiency of 99%
Sub-
transmission 1s | EHV/ transmission and substations at 400 kV / 800 Ewvisaged
v maximumlosses 1.0 % or efficiency of 99 %
Distribution
Station ne
l i HV transmission & Substations fdt32/ B0/ 400 kV. Envisaged
e 1 maximum losses 2.5 % or efficiency of 97.5%
Dislribu:;g'l n- L . .
L Subtransmission at 66 / P3kV Envisaged maximum losse&o4or
rr— efficiency of 96%
Premises Stepdownto alevel of 11/ 33kV. Envisagedossed).5%or efficiency
of 99.5%
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Distributionis finally link to enduserat 11/ 33 kV. Envisagedosses maximum 5 % of
efficiency of95 %

Cascade efficiency from Generationtoendusgr= I d2 1T d3 T d4 T d6¢

The cascadeficiency in the T&D system from output of the power plant to the end use
is 87% (i.e,0.995 x 0.99 x 0.975 x 0.96 x 0.995 x 0:9B7%)

Industrial End User

At theindustrialenduserpremisesagainthe plant networkelementdike transformersat
receivingsubstation,switch gear,linesandcables]oadbreakswitches capacitorcause
losses which affect the input received energy.

A typical plant single line diagram of electrical distribution system is shown in Higure

Trivector meter

Figure 1.5: Electrical Distribution Systeni Single Line Diagram

The likely network elementghat are encounteredt industry up to the motor, i.e., pre-
motorsystem can include:

Outdoor circuit breakers with typical full lodolsses of 0.002 0.015%
Receiving transformers with typical operating efficiency of 99 % or above.

Medium voltage switch gear 5.15kVwheremaximum full load lossescan be
betweerD.005- 0.02%

Loadbreakswitcheswheremaximumof full loadlossescanbebetweerD.003
0.025 %

Currentlimiting reactorsanhaveamaximumfull loadlossesangingfrom 0.09%
to 0.3 %.

Medium voltage starters can have a maximum full load losses &G®A.13%6.

= =2 = E E |
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