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Editorial...

Service Supply Chain Resilience of KSEB Ltd

Our great organisation isone of the best known business entity, where service
supply chainresiliencetakesaprimeseat. Our distributionwing'spreparedness
toreact to any natural calamity anditsresultant shattering of the network iswell
known and isaccepted by the public and the Government dike. Thisisevident
from any of the post-monsoon natural calamity involving rain and storms; the
pace with which we achieve normalcy after the disastrous disturbance is
remarkable.

During August, 2018 most part of our State except Thiruvananthapuram,
Kollam, Kannur, Malappuram and K asargod di strictswas thoroughly inundated
by the devastating flood waters and the Di stribution network and certain Sub-
stationswent under water for afew days. Thecustomer ingtallationswerealso
inundated thereby making it difficult to chargethe system and the premises of
variousinstallationsoncethewater receded. Theteam work of our employees,
contractors, membersof the WiremenAssociationsetc. worked intandemresulting
innormalising the network at avery fast pace, with the help received from the
DISCOMsof the neighbouring states of Tamilnadu, AndhraPradesh, Telangana
etc., both in theform of manpower and essential materialsliketransformers,
metersetc. Whereit wasnot safeto energisetheinsta lations of houses, single
point connectionswere established with the help of kits supplied by various
Engineering Collegesinthe Sate.

Theaboveincident sandsastestimony to our preparednessto tide over any
sort of difficultiesaffecting theintegrity our network and isameasure of our
Service Supply Chain Resilience.

Chief Editor
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MANAGEMENT OF GRID
CONNECTED RENEWABLE ENERGY SOURCES

Er C. P. George, Deputy Chief Engineer, KSEB Ltd

Renewable Energy isno longer “ alternate energy” but
has become a key part of the solution to the nation’s
energy needs. With theresponsbility of framing National
Electricity Policy, Tariff policy and RE policy vested
with Government of Indiaand with theNational Gridin
place; the availability and the scope of RE along with
issuesin harvesting the renewabl e energy need to be
analysedin national perspectiveto havearedistic grasp
on the consequences that affects us in the future
scenario.

The sharp declinein the prices of wind and solar
technologiesin the recent years by about 60% and
62% respectively between 2010 and 2018 (in kWh
terms), hasled to achangeintherelativeimportance
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of energy sources. Tropical countries, including India,
arerichly endowed with the above resources, and can
harnessthemin aninnovative manner to meet energy
regquirementsat decentralised locations. Thehistoric
low tariff for Solar (Rs. 2.44/unit) and for Wind (Rs.
2.64/unit) achieved through the introduction of
transparent reversebidding during 2017. Intherecent
reverse auctions conducted by various state utilities,
thederived value of solar energywas around Rs. 3/-
per unit. Recently, largefluctuationshave been noticed
inthe pricesanditisobserved that thepricevariation
isvery much dependsontheimport policiesingenera
and the imported price of power modules for the
relevant project.
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The following table gives a general idea about the potential and status of the renewable generationin India.

Resources Edtimated Total Capacity (India) Energy GeneratedinMU
Potentia (MW) Ason Oct-2018 (MW) (2017-18)

Wind Power 3,02,000 33,000 52,666

Soler 7,50,000 26,580 25,871

Bio Power 25,000 8,100 15,252

Small Hydro 21,000 4,320 7,692

Totd 10,98,000 72,000 101481

In India, the ground mounted, utility scale solar power industry isgrowing at furious pace. From almost nil
installed capacity prior to 2010, thetotal installed capacity of solar power inIndiaisover 21560 MW ason 31/
03/2018. Inpardlé, therooftop solar sector has started accel erating too. Thefaling solar pandl and installation
price, coupled withincreasing grid tariffsespecially for industrial and commercia consumers, hasmade solar
power an attractive option for consumers.

Fig 1.5: Source wise Estimated Potential of
Renewable Power in India as on 31.03.2017

Total Estimated reserve = 1001132 MW

KSEBEA Hydel 2019 Volume 65
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% The geographic distribution of the estimated potential of renewable power as on
31.03.2016 reveals that Rajasthan has the highest share of about 14% (167276
MW), followed by Gujarat with 13% share (157158 MW) and Maharashtra with
10% share (119893MW), mainly on account of solar power potential.

Fig 1.6: Statewise Estimated Potential of
Renewable Power in India as on 31.03.2017
Andhra
the 1693 Pradesh, 4.95
Uttar
Pradesh, 2.70 =
iy Himachal
Telangana, 2.48 Pradesh, 3.74
. Jammu &
Tamil Nadu, 5.40 Kashmir, 11.27
Karnataka, 8.68
Rajasthan, 16.21
Odisha, 2.96 Maharazhh‘a, 5.0
The Scope & Future

Astheentireenergy security plan of the country isvery much depends on achieving thetargetsenvisaged by the
Nationa Energy Policy laiddown by NITI Aayog; wemay evauate of theVISION which shall provideenough
grasp on the scope and future of the renewabl e energy sourcesto determinethe energy security of the country.

Imstalled Capacily { Fower) in GW
2022 2040
2012
BAU = BAU =
AGW = 1000 MW) (Busingss as Uay) | AWPEOUS | pupygss o5 gy | Ambitious
cw | % | ow % cw | % | ow % cw | %
Cas Pewer Siaiisns 24| 10.9% 34| 61% 39| 7.1% 46 3.8% 70| 5.6%
Coall prwrer siziisns 125| 56.6%%|  266| 47.000| 251 458v6|  441| 36696  330| 2620
Carben rc Siera 0 0.0% 1| 02% 1 02% 26| 229 26| 2.1%
Fossil Fuel Based 149| 67.4%| 301|54.20%| 201|s531%| s513/42.6%| 426/33.8%
Nuclear power 5| 230 12| 2209 12| 2204 23| 1.996 34| 2.79%
Uiyirs Pewr er Gemeration 41| 18.696 61| 11.0% 61| 11.1% 71| 5906 92| 7306
Salar PV 1 05% 50| 10.6% so| 10.896| 237| 10796 275 21.8%%
Selar CEF
0| 0.0% 4| 0.7% 5| 0.0% 28| 239 48| 3.80%%
Drmeclhnre: W ina 17| 7.7% 62| 11200 62| 11396 168 14.09%| 181 14.4%
DiEhere Wind
0 0.0% 2| 0.4% 2| 0.4% 19 16% 20| 2.30%
Wit il S albar PV 0| 0.0% 36| 6.5% 36| 6.6% 102 8.5% 120 9.5%
it Bemewallle Semroex
8 3.6% 18] 320 20| 3.6% 43| 3.6% 56| 4.49%
Renewable Based 72| 32.6%| 254|458%| 257|46.9%| 691]/57.4%| 835 66.2%
Todal 221 555 S48 1204 1261
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Eleciricily Gemeration (Energy) in TWh
2022 2040
2012 BAU BAU
ﬂm = 10 M]J) f’ﬂ!ﬂiﬁzﬂ“ﬂj‘ Lsmal) Ambitious (Hr.uiue.u‘ar Crual) Ambitious
TWh o9 TWh %0 TWh %o TWh L] TWh o9
Gax Pewer Sialisns 115 10.7% 128 54% 154 6.3% 181 3.8% 302 6.3%
Caal prwer chalisns 708 63.7% 1526 64.8% 1482] 62.5% 2606] 54.8% 1084) 41.6%
Carbea Caplure Sisrage (CCS) 0 0.0%% 3 0.2% 3 0.2% 137 2.9%% 137 2.9%
Fossil Fuel Based Electricity 824 76.4%| 1659 70.4%| 1641[69.2%| 2924|61.5%| 2423 50.8%
Nwudlear ppwer 27 25% 82 3.5% 87 3.7% 164 3.5% 237 5.0%%
Hipire Power Generalisn 144 13.4% 214 9.1% 214 0.0% 248 3.2% 324 6.8%
Hyidre and Nudlear 170 15.8% 206 12.6% 301 12.7% 412 8.7%% j61 11.8%
Sebar PV
2 0.2% o9 42% o9 42% 422 8.9% 489 10.2%
Selar CS5P

0 0.0%% 11 0.5% 14 0.6% 103 2.2% 185 3.9%
Dushere Wil 32 300 129 35.5% 129 54% 380 8.2% 423 8.9%

DiEhere Wil
0 0.0% 6 0.3% 6 0.3 % 62 1.3% 02 1.9%
Disiviaied Selar FY 0 0.0%% 33 2.3% 35 2.3% 164 3.5% 193 4.0%%
Dilber Erncwable Searces 46 43% 26 3.7% 101 43% 203 4 3% 281 3 9%
Renewable Based Elecitricity 80| 7.4% 386 | 16.4% 404(17.0%| 1346| 28.3%| 1663 34.8%
| Bledviclyimperix 5 0.5% 15 0.6% 25 1.1% 71 1.5% 126 2.6%

Tolal 1078 2350 2371 4753 4773

Thedataitsdlf issdf-explanatory. Theshareof RES
inthetotd installed capacity isenvisaged tojump from
32%in 2012t047%in 2022 and to 66%in 2040in
ambitiousscenario.

Similarly, the energy sharefrom the Renewable
Energy Sourceswhichwasonly 7.4%during2012is
planned for aleap with 17% during 2022 and thento
34.8%in 2040.

Kindly notethat the Hydro Power generation and
Nuclear Power generation is also considered as
renewableenergy. In caseof Keraa, withtheincluson
of higher capacity hydro, we shall have enough non-
solar renewable generation. Based on the relevant
amendment proposedinthepolicies, Kerdamay bein
a position to sell the non-solar REC (Renewable
Energy Certificates) to other utilitiesfor their RPO
compliance.

Issues with Grid Integration of RES

Whilethe advantages of the Renewablesourcesare
undeniable, some natural constraints should be

considered, such as solar power being generated
only during daytime and its unpredictability and
intermittency createsissuesfor itsgrid integration.
Gridintegration meansminimizing and/or managing
thevariability and uncertainty aspectsof theRenewable
Energy. Unlikefoss| fuel-based electricity that canbe
generated steadily, renewabl eenergy cannot be made
to generate on demand (or be shut down for later
exploitation). Therenewable energy-based generation
may actudly riseor fal suddenly, causinginconvenience
to grid managers. Technically, Solar Energy/ Wind
energy is described as an intermittent source of
electricity, whereintermittency consistsof two distinct
aspects
* “Predictability/Uncertainty” refersto thelack of
accurateknowledge about future Solar/\Wind Energy
generation (e.g. sudden drop in solar power).

*“Variahility” istheknown naturd variaionin Solar
Energy generation just asit exists on the demand

KSEBEA Hydel 2019
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side. (e.g. low demand at |late mid- night and high
demand during late afternoon).

Accordingtothe Expert Group congtituted by NITI
Aayog, meeting the 175 GW renewable installed
capacity target by 2022, would not be as much a
financial challenge as a technical one. In Kerala
Scenario, theintegration of solar withthestategridisa
greater financial aswell astechnical challengedueto
the fact that Kerala Grid is being managed with

13

uncontrollable variations in the peak and off-peak
demands along with wide variationsin the seasonal
demands. Assuch, itisvery important that we choose
and use our resources with great care and vision to
ensure proper financial viability for the organisation
aongwiththetechnica feashility for thegrid operation
aswell asfor ensuring most reasonable pricefor the
consumersinthedate.

A typical demand curve of Kerala System.

Typical Demand Curve
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Intermittency issue with Wind (Tamil Nadu)

Wind Generation pattern on 14.05.12

Wind gen in MW

SOLAR DAILY GENERATION CURVE
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Intermittency issue with Solar(Charanka Solar Park Gujrath)
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Requirement of extra spinning reserve for
harnessing RES.

Assuch, weneed to have spinning reserveswith enough
generation capacity asreserveto ensuregrid stability
andreliability. Asthese unpredictablevariationsaong
with the natural variation inthe generation output of
thesolar and windresultsinthelower capacity utilisation
(lower Plant Load Factor- PLF) of the conventional
generating sourcesto ensuregrid stability and reiability
of thesupply.

Issues in Harnessing RES in Kerala Grid

Itisobserved that thedistribution of consumer pattern
in the Kerala grid do not help us to augment the
aggressivegrowth of renewable energy duetothefact
that nearly 65% of the energy isconsumed by 95%
domestic plusLT commercial consumers and their
demand dominate the time slot beyond solar energy
availability, that is06.00AM to 06.00 PM and peaks
during 6.30 PM to 10.30 PM. Moreover, their
consumption rate is very much depending on the
climatic conditionssuch assummer, rainsor winter.

Harnessing solar energy with battery backup isthe
optionfor these consumers, but itsviability with present
tariff structureisapoint of debate. Theintegration of
the solar power, and particularly theroof top solar in
large scale need careful evaluation of the grid

i gl
2115
22 0§
22 .57
2348

parameters and the existing generation resources
availablewith ustotacklethe possibletechnica aswell
asthefinancid issuesarisng out of itsintegrationtothe
grid. Kindly note that with the present level of
connectivity specificationsand dataintegration, it is
practicaly impossiblefor aGrid Manager to haveclear
assessment of the solar power in the grid and take
appropriate action in the event of demand crashor a
grid eventuality. As such, this necessitates the
introduction of smart gridtechnologiesfor largescae
integration of RESto thegrid. Theimplementation of
smart grid technol ogies needsto go hand in hand with
largescaleintegration of REStothegridtoensuregrid
security and efficient harvesting of renewableenergy.
In case of Kerala & Tamil Nadu, the wind season
(May to September) coincides with the Monsoon.
During the season, thedemandintheKerdlasystemis
the lowest due to monsoon and monsoon related
calamities, thesmall hydro stationsshall be under full
modeof operationswithflooding of rivers, spillagefrom
the small reservoirsand even spill threat from some
major reservoirs. Thus, the investment in wind
generation need somein depth study on the system
requirement, demand forecast etc. Moreover, asinthe
caseof thesolar, thevariability and intermittency issues
need to be tackled through appropriate smart grid
technologies.

KSEBEA Hydel 2019
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Complexity of Kerala Grid and Integration of RES

Generation Resource Capacity/ Average Remark
with Firm Power Share(MW) availability
(MW)
Centra Generating Stations 1650 1320 @ 80% PLF
Long Term Agreement 1200 900 @ 75% PLF
Internal Hydro ++ 2050 1600 Subject towater availability
Total 5800 3820 Tota availability isLessthan 4011
MW, therecorded peak

Asalready stated, the complexity withtheKerala
Gridisitsvariability in the demand which normally
variesfrom 2000MW during night off peak (01.00—
04.00 hrs) to 4000 MW during night peak (18.00 —
22.00 hrs). Thedemand variationisfurther complicated
with unprecedented consumption dueto the soaring
heat during summer and heavy demand crash during
therainy seasons. With theintegration of solar with

variability andintermittency, thesystemwill get further
complicated with the management of unpredictable
loads and unpredi ctabl e generating sources.

To evaluate the technical issue and its financial
conseguences, let usmakean eva uation ontheannua
energy requirement for 2018-19 along with average
MW demand of thestategrid for varioustimedotina
day, asfurnished inthetablebel ow.

F¥-HIE-19 Arerage Demand 2 A nnwal emergy requiremest 2t rame Gme shis i a day
Time St M- | GN-BMN  BN-1IIN | BN-IEN | ZN0-HA | Ted
MWMU WW | MU | WW | MU | MW | MU | MW | MUV | MW | MU | MU
Average Demand / Amsm 1 Ene 1y 4290 =25 3M0| XTXS| 94 40S0) S9M0) 3000 2260 25602
Gemeratinn S omrces
Central Generatmp: Strines: - 1650 MW
(Avepeavabbliy@ MPLEBOMW) | 13X 2008  13M)] 146 13X 4R1E 13M) 1977 133 % 11163
Losp Term Apreement (LTAY 1200 MW
{Averape awmbblity i 75 PLF =900 MW} 900 168 900  9%e5 00) 3ES|  WO) 134 9 &7 TS
Hyho Mampement
(10 MW Averape mar avabiblity) 4m T B3 W XN0p 16 133 10m &7 6
Total Avaihbilily wibeul Sehr 26M) 431 NN 32T TN 101 WM 5577 3| 278 25602
Ercesy’ defici without selar |l 9| & ®m| @ wgze| B m
With 1000 MW Sobar (@ 4000 wets/MWiday 0 0 0 0 4y ¢ ? 0 0
Exrew/ deficit with sdur dwring the duy 2 a 45 33 M a2 g333 im Ji.]
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It isobserved that even without much penetration
of solar inthe grid we have excess energy and power
during al the time slot except the peak time.The
aggressiveintegration of solar shall lead to further
excessenergy during the day timedot (08.00-18.00)
except the night peak ot of 18.00—22.00 hrs. And
during the night peaks, we have seriousdeficiency in
theavailability of generation resourcesand solar isnot
asolution. Further excessenergy during theday time
dot (08.00-18.00) and will further complicatetechnica
issuesinthegrid management a ong with thefinancia
viability of the organisation. If wearenot ableto find
market to ensure sale of these excess electricity at
reasonabl erate, theentireinvestment shall be subjected
to therisk of not getting areasonablereturn and its
consequence shall adversely affect KSEBL and the
state energy sector.

Itisobserved that the average cost of ectricity is
muchlessthan Rs.3/- per unitintheday ahead markets
and power exchangesduring the 08.00—18.000time
slot when the solar energy isavailable. Thisexcess
energy has been estimated consequent to the bare
minimum must run hydro power capacity of 550MW
frominterna hydro and further reduction of hydro may
not be possible. As the backing down the roof top
solar isnot technicaly feasblewith the present level of
grid technology, the grid manager shall beforced to
maintain LGB (Load Generation Balance) by
surrendering the energy from Central Generating
Sationsor theLTA. Assuch, KSEBL shall beforced
to pay at least the Capacity charges (FC) of
surrendered power and ended up in payment of
subgtantialy higher per unit energy chargesduringthe
time slot between 08.00 -18.00 hrs. Moreover, the
running of Hydro Stationswith technical minimum
throughout the day dot can lead to theunderutilisation
of water resourcesand spillage of reservoirs

Inthe present scenario of singleNational Gridwith
aNationa Policy for open accesswithout transmission
charges, surcharges and transmission losses for
encouraging solar and wind energy, the investment
in solar projects shall be competitive only if the
per unit charges are comparable with that of other
states. Though the capacity utilisation factor (CUF) of
the solar has been specified as19% by CERC, dueto
thehighest rainfal for 3-4 months, itisobserved that
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the CUFinKerdaispracticaly 16% only. Thismeans
lessthan 4 unitsof energy per day per kWp of solar in
Keraawhereas4.6t0 4.8 unitsof energy per day per
kKWp of solar from other major states like AP,
Karnataka, TN, Gujrat, Rgjasthan etc. In addition, the
O&M cost for maintainingthesolar pand inKerdais
practicaly at higher sdeduetothehighest rainfal and
humid conditionaong with higher [abour cost prevailing
in the state. This shall have great impact on the
competitivenessof the projectson commercia aspect
assame shall ended up at higher cost for solar energy
generated in the State. The saving in loss reduction
aspect shall be nullified and over compensated by
such state specific heads of expenses.

Extra investments and costs involvedin
Harnessing RES and its complexities

Following extracostsand investmentsareinvolved
intheintegration of solar andwindtothegrid.

1. Grid Infrastructure Cost

a. Grid connection Cogt:includethe cost of anew
transmission linefromthevariable RES plant
totheexigting grid, whichwould behigher than
those for a coal-based plant, due to lower
CUF. This cost depends basically on the
distance between the plant and the grid, the
voltagelevel of the connection line, and the
availability of standard equipment.

I. For Solar, the grid connection cost is
estimated to be up to 5% of the project
investment cost for Solar;

ii. For onshorewindfarms; it rangesbetween
11% and 14% of thetotal capital cost

b. Grid upgradation Cost: include the cost of
additional network equipment needed to
strengthen the grid in order to integrate
renewable power into theexisting grids. They
depend mostly on the amount of renewable
capacity, thelocation of the power plantsand
thestructureof theexigting grid. Thiscostfor a
systemwith 20% to 30% Renewabl e energy
share is estimated as Rs. 40/- to Rs.240 /-
per MWh

2. System Operation Cost: Refer to extracosts
incurred in the conventiona part of the power system
to accommodatetheintegration of RESinthegrid.
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a. ProfileCogt: isabroad concept that captures
all threeimpacts of thetemporal mismatch
between VRE generation and load profile: 1)
capacity costs (adequacy costs) duetoalow
VRE capacity credit; 2) reduced average
utilization of thermal power plants; and 3)
curtailed VRE generation to maintain grid
security when power supply exceedsdemand.

i. For 30%-40% wind/solar
penetrationthecos isestimatedintherange
of Rs.1200-2000/MWh

b. Short-term system baancing costs: Duetothe
variability and uncertainty properties of VRE
generators, the reserve capacity needed for up-and
down-regulation increases as compared to the case
wherethe sameenergy isdelivered by conventional
generation. Theincreased requirementsfor reserve
power lead to the extracostsfor the conventional part
of thepower system. These extracostsoriginatefrom
the measures taken to ascertain increased reserve
power, for example, by the operation of conventional
plantsat partid |oad, the start-up costsand contribution
of conventiona power plantswith higher operating costs
in the power system, increased wear-and-tear and
maintenancecogsof plants. Kindly notethet aflexibility

of 30%isalowed in scheduling of solar & windinthe
prevailingABT regimeand at least that much reserve
isrequired in the system to ensure grid security and
dahility.

Appropriate investment and devel opment of the
exiging gridtothetuneof smart gridisthepre-requisite
for proper integration of renewabl e energy sourcesto
the grid. Aggressive investment in the renewable
energy sources with out appropriate investment in
the grid infrastructure will lead to great financial
risks consequent to grid operational complexities
in harvesting the RES. This can end up at grid
security issues and inefficiencies in economic
utilisation of resources and inefficient harvesting
of the renewable energy from the resources.

The Renewable Purchase Obligation (RPO)

Based on KSERC'’s (Renewable Energy)
AmendmentRegulations, 2017, the non-solar RPO
requirement is 7% of the energy consumed excluding
hydro power and solar RPO requirement is 2.75%
theenergy consumed excluding hydro. Thetablebe ow,
whichisbased on honourable KSERC's (Renewable
Energy) AmendmentRegulations, 2017, providessome
insight into the actua requirement of ‘ Solar RPO’ for
KSEBL.

Financial Consumption Solar RPO MU  Requirement of Solar
year (excluding hydro | % of total consumption Capacity
power) (excluding hydro) in MW for the
RPO energy
2018-19 13833 2.75 380 261

As per the KSERC’s (Renewable Energy)
AmendmentRegulations, 2017; Solar energy during
2018-19 is estimated as 380 MU. Based on the
average energy production from the solar plant in
Kerala, the estimated requirement of solar capacity for
generation of 38B0MU is 261 MW only. As per the
dataavailablein KSEBL official website, we have
118MW of Solar availablewithusnow in Keralaand
various projectsup to 21MW isnearing completion.
In addition, 70 MW floating solar by NTPC

Kaymakam and 50 MW floating solar by NHPC along
withthe grid connected solar roof top fromindividual
consumersaregetting integrated tothe systeminabig
way. As such, we have more than 261 MW of solar
plantsinthestateduring thisfinancia yesar.

Another important aspect is the introduction of
“renewable generation obligation” and mandatory
requirement of bundled purchase of renewableenergy
for thefuture purchases of electricity from coal and
lignite sources. Moreover, tariff policy recommends
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bundled sale of renewableenergy even by theexisting
coal and lignite generators by setting up additional
renewabl e generation plants. Solar REC (Renewable
Energy Certificate) isoneof thebest optionsto comply
theRPO requirement anditisabundantly availablefor
Rs.1/- per unit whereasnon-solar REC cost Rs.1.20/
- per unit. As per the KSERC's (Renewabl e Energy)
AmendmentRegulations, 2017; thenet levelized tariff
for Solar PV is Rs.5.08 per unit in Kerala. With
electricity availablein the market at much cheaper rate
during the of f - peak hours, the best optionisdirect
purchase of solar from short term market or the RPO
requirement REC (Renewable Energy Certificate)
route. In short, there shall be adverse impact with
respect tofinancia aswell asgrid operationa aspects
in the policy of direct investment by KSEBL for
aggressiveintegration of roof top solar generating plants
intheKerdaGrid.
Conclusion

Renewable energy is a great opportunity. The
integration of Renewable Energy SourcetotheKerala
gridisagreater financial aswell astechnica chalenge
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duetothefact that KerdlaGrid isbeing managed with
uncontrollable demand variationsduring the peak and
off-peak timedotsalong with widevariationsin the
seasonal demands. With theintegration of solar and
windwithvariability and intermittency, thesysemwill
get further complicated with the management of
unpredictable loads and unpredictable generating
sources. Assuch, itisvery important that we choose
and use our resourceswith great care and vision to
ensure proper financial viability for the organisation
aongwiththetechnica feashility for thegrid operation
aswell asfor ensuring most reasonable pricefor the
electricity sold the consumers in the state.The
implementation of smart grid technologiesneedsto go
handin hand withlarge scaleintegration of REStothe
gridto ensuregrid security and efficient harvesting of
renewable energy. Thelarge-scaeintegration of RES
without in-depth studiesin demandforecast and without
timely implementation of smart grid technologiesshndll
end up inadverse consequencesin grid security agpects
aswell asto the per unit cost of electricity soldtothe
consumers.

National Energy Conservation Day

14t of December.

National energy conservation day is celebrated every year by the people all over the
India on 14" of December. The Energy Conservation Act in India was executed by the
Bureau of Energy Efficiency (BEE) in the year 2001. The Bureau of Energy Efficiency
is a constitutional body which comes under Government of India and helps in the
development of policies and strategies in order to reduce the energy use. The Energy
Conservation Act in India act aims to employ the professional, qualified and energetic
managers as well as auditors who are with expertise in managing the energy, projects,

policy analysis, finance or implementing the energy efficiency projects.
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Absract: Educationd Inditutionsarethemgjor con-
tributorsto energy intensive operationsin India. En-
ergy cost isoneof theproblemsintheingtitute’ sbud-
get. Electricity consumption can bereduced with tar-
geted effortsand by using various energy manage-
ment methods. Resultant energy saving providesavenue
for thereinvestment in the educationd ingtituteitself.
Thispaper presentsan energy audit of the collegesite
(Amal Jyothi College of Engineering, Kottayam). The
review beginsby gathering dataof dl thefeedersinthe
collegeand thepast record of dectricity bills. Thisdata
istheninspected to realize how much energy isused.
Theload curveof eachfeeder inthecollegeaongwith
the power consumption datawas obtained. Fromthe
above datawe noticed that some buildings consume
more energy. So, we mainly concentrated on these
buildingsthat are RB (Resource Block), STP (Sew-
age Treatment Plant), Laundry and Kitchen. Thedata
are obtained using somedevices such as power qual -
ity and energy analyzer, clamp meter and lux meter.
Power quality anayzer technol ogy tracks numerous
electrical parameterswhichincludevoltage, current,
frequency, peak demand, harmonic distortion etc. Lux
meter isused to measurethelumensand clamp meter
isused to measurethe power respectively. After andy-
ses of thisreadings, we have suggested some of the
energy and demand side management that can be
implemented in each of thisbuildings so that energy
consumption can bereduced toaminimum level. Time
of working of al thebuildingswasaso andyzed aong
withthedata.

Keywords. Energy Audit, Power Quaity Analyzer,
Clamp meter, Lux meter

I. INTRODUCTION

Energy hasbeenin use by the humanity for severa
yearsnow and demand has beenrising day by day.

Heat
Light
Electrical
Energy Mechanical
Chemical
Nuclear

Figure 1: Classification of Energy

Coal and other fossil fuelslike Petrol, Diesel, which
havetaken threemillionyearsto form, arelikely to
deplete near future dueto lack of conscious energy
use. Inthelast two hundred years, we have consumed
60% of all resources. For sustainable development,
we need to adopt energy efficiency measures. Today,
85% of primary energy comesfrom non-renewable
and fossil sources(cod, ail, etc.). Thesereservesare
continualy diminishingwithincreesng consumptionand
will not exist for future generations. In this paper we
study energy conservation and energy efficiency by
how to reduce energy demand to reasonable minimum
Cog, recover and re-use heat where possibleand aso
study the useof energy efficient equipment and pro-
videameansto manage use of energy and study how
to carry out energy audit.
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Energy Auditisthekey to asystematic approach
for decision-makingintheareaof energy management.
It attemptsto balancethetotal energy inputswithits
useand servestoidentify all theenergy streamsina
facility. It quantifiesenergy usageaccordingtoitsdis-
cretefunctions. Energy Audit isthetrandation of con-
sarvationidessintoredities, by lending technicaly fea-
sible solutionswith economic and other organizationa
congderationswithinaspecified timeframe.

Il. LITERATURE SURVEY

An Energy auditisaninspection survey and an anay-
ssof energy flowsfor energy conservationinabuild-
ing. It may include aprocessor system to reducethe
amount of energy input into the system without nega-
tively affectingtheoutput. Lighting congtitutesamajor
portion of electricity consumptionincommercia and
industrial sector [1].Thise ectricity consumption can
only by reduced by detailed study of energy consump-
tion of the selected buildings and by energy manage-
ment methods. Power Qudity Audit alowsthetrans-
formation of conservationidessintoreditiesfor techno-
Economic solution for an organization within aspeci-
fied timeframe[2]. LEED certification helpsinthe
designing for rating new and existing commercid, In-
dtitutional and residentia buildings[4].Kitchen, Laun-
dry and Sewage Treatment Plant- Thisbuildingsare
selected for the study of energy consumption patterns
and various suggestionsare given to providewaysfor
theenergy management inthisbuildings.

1. ABOUTINSTITUTE

Amal Jyothi Collegeof Engineeringis havingNAAC
accreditation with* A’ grade and to securethe presti-
giousNBA accreditation for primedepartments. The
college campusis spread over 60 acreswith nearly
1,650,000 squarefeet. Theingtitute offers 20 courses
(B.tech,M.tech and others) and provideshoste facili-
tieswith acapacity of 2500 (including boysand girls).
Thenumber of studentsand staffsin collegeare 3725
and 397 respectively. The campus hasits own two
100 Kw solar and 1120 KVA power plant.

IV. ELECTRICAL DISTRIBUTION SYSTEM

The 11kV, 3 phase supply iscoming to “ Amal Jyothi
College’ from Keralastate Electricity Distribution
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(KSEB). Itisstep downto 415V by step down trans-
former. The power supply isfor the academic sector
and alsothehostel isprovided with the sametrans-
former. An APFC panel of 20 kVVAr, is provided to
maintain power factor closeto unity. Theincoming sup-
ply to collegeis11kV whichisstep downto 415V by
using 500kVA transformers. The DG st providescon-
tinuoussupply if thereisany cutoff from KSEB by any
fault or by any reasons. Thereare 4 DG setswhere,
500k VA and 380k VA are connected to thewhole cam-
pus, 160k VA to kitchen and 82.5kVVA to Resource
Block section. The central block and PG block are
installed with 50kW solar panel and the 100kW solar
panel isequipped on automobileblock. Thefollowing
figure2 givesthesnglelinediagram.

L
. | _t i
LY,
R

Y Y Y Y Y Y

Figure2: Singleline diagram of the electrical distribu-
tion of the college

V. METHODOLOGY

Theenergy auditisdefined as*the verification, moni-
toring, and analysisof the use of energy including sub-
mission of technical report containing arecommenda:
tion for improving energy efficiency with cost-benefit
analysisand an action plan to reduce energy consump-
tion”. Theenergy audit isoneof the essential toolsfor
energy conservation so asto accomplish energy effi-
ciency. Itincludesmonitoring and analysisof various
energy consuming equipment and convenient action
plan to reduce additional energy consumptioninthe
building. Energy auditing of any indtituteor buildingcan
be done by collecting energy-consuming data (el ec-
tricity bills) and analyzethat information to find out
unnecessary utilization of energy. Following method-
ology adopted for an energy audit.
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A.DataCollection

Datacollectionisthevery first step in energy audit.
Datacollectionincludes.

1.Collected data like

block ismeasured and presented intable 1. Theelec-
trical load can be categorizedintolighting, AC and oth-
erssuch ascomputers, printers.

electricity bills of three

years (2016,2017, and Name of Load Quantity Measured

2018). CFL 26(11W), 24 (10W), 24 (15 W), 29 {13 W), 71 {22 W), § (42 W)

2. List of lighting load, Lighting Load | Flurescent Tube 42 (40W)

fan, computer, and air LED S(10W)

conditioner of Resource — —

Block. 3.List of lighting EANLoad g Fan 16EW

loads, motor, and other Table Fan 16 (60 W)

loadsin S.T.P, Laundry, AC 6 (1.5 Ton), 2 (8.5 Ton), I {1 Ton)

and Kitchen. Refrigerator 1(490W)

3. List of lighting loads, Computers 35 (200 W)

motor and other loadsin Printer 13 (250'W), 5 (1100W)

S.T. R L aundry and Other Loads Projector 12 (270 W), 1 (450 W)

Kitchen. Heater 1(3KW)

4. Voltage, Current and .J"Lu!iu:l Loads 2 (800 W, 6 (200 W)

Power are measured at Aar Cooler 2183 W)

cach feeder. UPs 16 KVA*0 893=14 32 kW

v 1(110 W), 4(80 W)

B.DataAndysis Total Load: 103.6 kW

Dataandysisisthenext step
after data collection. Here
weidentify theareasfor implementation and energy
conservation opportunities. Thusfinally focuson 4
feeders, which are Resource block, Laundry Sewage
treatment plant(S.T.P) and Kitchen. Thisresult isob-
tained from the energy consumption graph of thecam-
pus(includesal feeders).

C.ActionsTaken

Actionstakeninvolvestheimplementation of oppor-
tunitiesbased onthemeasurement of actua energy con-
sumptionin each feeder.

VI. RESOURCE BLOCK

The RB(Resource Block) section consumes more
power during class-hoursand on any events(such as
arena(sportstournaments), azure(tech fest), confer-
ences, etc )conducted in the auditorium, basketball
court or connected to the RB and UPS supply of 16
kVA isasoprovided. Thesurvey of theelectrical load
iscarried out to determinethe connected | oad of the
block. The measured valve of connected load inthe

Figure 3: Electrical Load

Power quality analyzer isused for the measurement of
power inthisbuilding and the below graphisplotted
with respect to the measured value.

Figure4: Power Curveplotted for Resource Block
Power consumption graph for thewhol e collegewith
respect to the measurement taken
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tionforwashingmachine
Power Consumption of College and dryer aswell asfor
ssp00q 2193271429 275848 201586.3333 operation of ironing
"""" | 2605885 [ yp3m 61611 o T 240895 BAG2 press. Thewaste water
0000 —f BB g f - e coming out of the plant
. 750000 I"i]EE i siias 157220 O \57800.1838 o |spassed toST.P.
= , l wooen 7080 mooods 21162
me
Figure5: Power Curveplotted for College
campus Admission No ;
VIl. LAUNDRY ~Checking Sorting

Laundry energy consumption usually de-
pendsupon thetypeand quantity of clothes.
Laundry servicesworksinaway to main-
tainthequality of materia required by cus-
tomers.

Inour college, Laundry servicesstartin
themorning hoursafter collecting clothes
from both ladies and men hostels. Our
Laundry has power loads of 3 washing
machinesand 3 driersaligned oppositeto
each other for easy operation. Each motor
inwashing machine hasaconnected load
of each 1.5 kW motors for washing and
extraction. Dryer hastwo 1.5 kW motor
with heat pump and blower motor. The
plant has 6 tubelights, 1 fanload, with an
elevator with 1.5kW motor. An uniform
ironing presswith 9 kW heater and 0.37
kW suction motor handlesal theuniforms
like shirts, pants, overcoat, etc[8]. Other
non-uniformsare switchedtovacuumtable

Air Compressar

Shirts Pants Others ( -\\
§‘Was her

J[}rycr
L.PG \ ¢ [
: DBullcr

Uniform Ironing

Press E IJ_J.I !
“INon-Uniform

. . . . Ironing
ironing with steam spray. An air compres- .
sor with 4 kW motor for pressurising air Sorting and Storage —
also used for door operation and extrac-
Figure 6: Process Diagram of Laundry
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Power quality analyzer and Clamp meter isused for

water entersfirstin thetreatment plant. During thepri-

themeasurement of power inthisbuildingandthebe-  mary treatment suspended particlesareremoved and
low graphisplotted with respect tothemeasuredvdue.  preparing it for the next stage. In secondary treat-

ment both BOD(biologica oxy-

70000 5B5RY.42989

Power Consumption of Laundry

60778.83333 P
50000 STR0393L L ss010.16567 L 5636108
7 30000 4404208333
3
= 40000
-
& 30000
3
& 20000
10000
0
O00am 10:00am 1L00am 1200pm 100pm  200pm  300pm

Time

4504016667

&00pm  5:00pm

gendemand) and COD(chemica
oxygen demand) can bereduced
by using An-aerobic operation
incorporated with
SAFF(Submerged An-aerobic
Fixed Film Reactor) followed by
Aeraobic reactor incorporated
withMBBR(MovingBed Bicofilm
Reactor).In tertiary treatment
product water after disinfection
andfiltration canbecollectedin
atank can be used for flushing
of toilets, for gardening and ag-
ricultura purpose.

Power quality analyzer and
Clamp meter isused for themea
surement of power inthisbuild-
ing and the below graphisplot-
ted with respect to the measured

45501.26761

Figure7: Power Curve plotted for Laundry

VIII. SEWAGETREATMENT

PLANT(STP)

vaue

Power Consumptionof S.T.P

Wastewater treatment isthe pro-
cessof removing contaminantsfrom
wastewater and household waste.
Thephysica, chemica and biologi-
cal processisused to remove con-
taminants from wastewater. The
sewagetreatment plant in our col-

lege is having the capacity of o 40K

6,00,000 litres per day. The pro-
cessesinvolvedinthetreatment are
preliminary trestment, primary treet-
ment, secondary treatment and ter-
tiary treatment.

-----

5 Pi-B PM

&55ELS

B PHE-7 P

TPH-B P

Lo kY]
SHLED248

I-‘I:lE
WFAPM 9PM-10 7N 10 PNELDPAY 11 PM-E2 PN 13 AN-1AM

Time

Preliminary treatment consist of

separating solid wastes such as sand, organic food
materials, debris etc. Treatments such asbar screen,
gritchamber and oil greasetrgpareused asthewaste-

Figure 8: Power Curve plotted for STP
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IX. KITCHEN
Kitchen consume moreenergy inour
campusthan any other buildingsas

Connected load Power rating (kW) | thefood making processstartsearly
Blower 1 22 5 in the morning from 3:30am till
Blower 2 22.5 1:00pmintheafternoon. Asthecam-

e pusenhances
?ﬂm‘ ;ﬂej pump _1} g;g more than 2300 students, the food
1her feed pump = ' makingfor themisamgor partinthe
Sludge pump 1 3.75 day to day program and major en-
Sludge pump 2 3.75 ergy consumption unitinthecampus.
Feed pump 1 3.75 From cutting of vegetablesto making
Feed pump 2 3.75 different dishesare performed by dif-
Storage pump 1 7.5 ferent dternatively digned machines
Storage pump 2 3 75 which havedifferent power ratings.
usesenergiessuchas gas, seam from
Total Load: 79.95 KW cooking etc. Our study in kitchen

Mens E lostel

Kitchen Laundry Canteen Ladies Hostel
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THAMISER

CLARIFIER
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SANDY ACTIVATEL
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Figure 9: Process Diagram of STP

revealsthat the overall energy can
only bereduced by demand sideman-
agement asdevicessuch asdish washers,

Power Consuption of Kitchen

T T T ——
S FoEELL] TR IEEGT
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Figure 10: Power Curve plotted for Kitchen
X. DEVICESUSED FORMEASUREMENT

A . Power Qudity and Energy Analyzer

Thepower qudity andyzer isamulti-function power
analyzer devicethat measuresprecisaly direct current,
alternating current, AC-Voltage, DC-Voltage, thein-
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tengity of DC or AC, phaserotation and idle, apparent
and effective power. Thereading of AC power iscon-
sidered thereal value and has a maximum range of
6000Wetts.

Power quality analyzer have many featuressuch as
insulated current input, measurement of harmonics, AC
and DC current measurement , AC and DC voltage
measurement, Frequency measurement, phaserota
tion measurement. All thisdatacan also belogged and
analyze withthe delivered PC-software. Power ana-
lyzers of the type PCE-PA 6000 can determine the
energy insngle-phasesystems. Power quaity andyzer
of type PCE-PA 62 allow the energy measurement in
symmetrica |oaded three-phase systems. Power ana-
lyzers of type PCE PA-8000, PCE-360 and PCE-
830 support professional power and energy measure-
mentsin singleand three-phase systems.

Figure11: Power Quality Analyzer

B. Clamp Meter

Current clamp or current probeisan electrical de-
vicewhich usesjawslikeopeningto alow clamping
around an electrical conductor. Thisallowsmeasure-
ment of the current in aconductor without theneed to
make physical contact withit and to disconnect it for
insertion through the probe. Current clampsaretypi-
cally used to read the magnitude Of alternating current
(AC) andwithadditiona instrumentation. Thephase
and waveform can a so be measured using thismeter.

Some clamps meters can measure currentsof 1000A
and even more. Hall effect and vanetype clampscan
alsomeasuredirect (DC).

A clamp meter measuresthe vector sum of thecur-
rentsflowinginall the conductors passing throughthe
probe which depends on the phase rel ationship of the
currents. Only one conductor is normally passed
through the probe. In particular if theclampisclosed
around a two-conductor cable carrying power to
equipment. The same current flows down one con-
ductor and up the other then the meter correctly reads
anet current of zero.

Figure 12: Clamp meter with its components

C.Lux Meter

A lux meter isan equipment that measuresbright-
nessof light falling onanobject at aparticular area. In
other words, it properly gaugestheintensity at which
brightnessgppearstothehumaneye. Alux meter works
by making use of aphoto cell to capturelight. Thelux
meter the convertsthislight to an electrical current
stream and after measuring thiscurrent, thedeviced-
lowsto calculatethelux valueof thelight whichit has
captured. Lux metersare used for measuring bright-
nessinlux, fc or cd/m2 Somelux metersare equipped
withaninterna memory or datalogger to record and
save measurements. Themeasurementsof light inten-
sty with alux meter isbecoming increasingly impor-
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tant in theworkpl ace dueto safety concerns. Thelux
meterswith dataloggersarehighly regardedinthein-
dustry duetothedevicescosnecorrection of theangle
of incident light. Many lux metersinclude softwarefor
detailed andysisand offer different interfacesfor trans-
ferring measured datato acomputer.

TheLux meter auditing of dl theselected buildings
where quiet accurate with respect to the | S 3646(1n-
dian Standard codefor recommended illumination) and
thebuildingswithillumination problemswhere solved
by the addition of moreLED lights.

Figure 13: Lux Meter

RECOMMENDATIONS
A. KITCHEN

The proposed design for dishwasher inthekitchenis
that the water after cooking (water from washing of
vegetables, rice etc.) isalowedtoflow into thewater
tank. Thisnormal water ismoved to the flash mixer
wherethe mixing of steam from boiler or from solar
heater takesplace. Therearetwowaysfor the heating
of water. Firt, thesteamfrom boiler isalowed to pass
to theflash mixer, thissteam can providetemperature
up to 80°c whichistherequired temperaturefor the
dish washer thenthe hot water isdirectly passed into
the hot water storagetank.
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Second, thetemperature provided by thesteam can
sometimevary asthistemperature can sometimeonly
reach upto 70°c so arelay circuit is provided for
turning onthesolar heater whichwill latter providethe
remaining heat or temperature(10°c) tothewater. An
electric heater isalso provided for the standby pur-
poseincaseof any failurefrom theremaining sources.
Thisproposal isenergy efficient asit doesnot useany
electricity for itsusage so the dish washing process
used now whichworksfully on dectricity can now be
reduced whichinturnreducetheoveral eectricity bill
inthekitchen.

Warer after
Cocking

Beller
[ \_—l_ (% d
- H v Electric Heater

Water Tank |:> Flash Mixer e _/

Steam from

Hot water

storage

L1

Relay Circuit for
Switching

F Y

Digh Washer

Solar
Heater

Figure 14: Process diagram for Dish Washer

B. LAUNDRY

Washing machines used now should be reas-
sembled or replaced with other washing machines
which can befully operated with the help of solar en-
ergy.

C. SEWAGETREATMENT PLANT

STPhasmore CFL lighting loadswhich should ei-
ther bereplaced by LED lightsor thelighting circuit
should bereducedtoaminimum level asthebuilding
has only one occupant (Operator) and thelightsare
awaysturned on, whichisnot requiredinthisbuilding
soreduction of lighting loads can reducethe energy
bill toaminimum|evd.

CONCLUSION
Energy audit was conducted in the abovebuildings
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to know the energy consumption patternsof the build-
ings. From the graphs plotted it is seemed that the
working processof al the buildingscannot be stopped
during theworking hoursand the energy can only be
conserved by implementation of energy management
methods. Solar energy isthebest optioned methodin
thisbuildings asthe above mentioned buildingstake
electricity directly fromthe K SEB supply. Thisenergy
isthe best method asit isanon-renewabl e source of
energy and will not cause any problemsto the envi-
ronment. Other implementationsin thebuildingsare
discussed in the above chapter.
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Earth Day-April 22

Earth Day isan annual event, celebrated on April 22, on which day eventsworldwide are held to demonstrate support
for environmental protection. It was first celebrated in 1970, and is now coordinated globally by the Earth Day
Network,[1] and celebrated in more than 192 countries each year.

When is Earth Day? : Earth Day isobserved around theworld on April 22, although larger events such asfestivalsand
rallies are often organized for the weekends before or after April 22. Many communities also observe Earth Week or
Earth Month, organizing a series of environmental activities throughout the month of April.

Why do we need an Earth Day? : Because it works! Earth Day broadens the base of support for environmental
programs, rekindles public commitment and builds community activism around the world through a broad range of
eventsand activities. Earth Day isthelargest civic event in the world, cel ebrated simultaneously around the globe by
people of all backgrounds, faiths and nationalities. M ore than abillion people participatein our campaigns every year.

What can | do for Earth Day? : Thepossihilitiesfor getting involved are endless! Volunteer. Go to afestival. Install
solar panels on your roof. Organize an event in your community. Change a habit. Help launch a community garden.
Communicate your priorities to your elected representatives. Do something nice for the Earth, have fun, meet new
people, and make adifference. But you needn’t wait for April 22! Earth Day isEvery Day. To build abetter future, we
al must commit to protect our environment year-round.

What is Earth Day Network? : Founded by the organizers of thefirst Earth Day in 1970, Earth Day Network (EDN)
promotes year-round environmental citizenship and action, worldwide. Earth Day Network isadriving force, steering
environmental awareness around theworld. Through Earth Day Network, activists connect, interact and impact their
communities, and create positive changein local, national, and global policies. EDN’sinternational network reaches
over 22,000 organizations in 192 countries, while the domestic program assists over 30,000 educators, coordinating
thousands of community development and environmental protection activities throughout the year.
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ANOVEL CONTROL TECHNIQUE FOR
POWER QUALITY ASSESSMENT OF
RAILWAY TRACTION USING RPC

Vineetha P Joseph, Snehapriya Sebastian
vineethapj @gmail.com, snehapriyasebastian@mbcpeermade.com

Abstract— Railway traction has become an
important part of power system. It creates power
quality issues in the grid. Negative sequence and
harmonic currents have become the main issues
in high speed train traction systems. A V/V
traction transformer has been adopted for power
supply to the traction. Railway static power
conditioner (RPC) has been developed to mitigate
the power quality issues. A comprehensive
technique for compensation of negative sequence
and harmonic currents has been discussed. RPC
is a back to back connected converter with a dc
link. The controller also provides a constant dc
link voltage and thus helps in the compensation
of power quality problem. Thus RPC improves the
power quality in railway traction.

Keywords— Power Quality, Harmonics,
Negative sequence current, V/V transformer
l. INTRODUCTION

Railway transport isbeing considered asthe most
popular mode of public transport. Increase in
passenger journey and goods deliveringin both short
and long distances have maderailway transportation
highly demanding. To provide power propulsionand
to get higher-speed, more stable and reliable sources
arerequired. From severa decades, € ectrification has
been thefirst choice when modernizing most of the
railway system acrosstheworld.

The growing complexity of theeectrified rallway
systems in terms of both new technologies and
automation requiresacareful control of power quality
disturbancesthey cause; thedisturbances depend upon
thetraction system structure. Electrictransport systems

have power electronic devices which have adirect
impact onthenormal operating conditions.

The power quality problem that can appear are:
voltagefluctuations, voltage and current distortion,
voltage sags, voltage and current unbalances. The
above mentioned problemsaredueto non-linear loads.
Thisisthecaseintraction systemsbecause the power
demand on the substationsisnon- linear dueto heavy
vehicletraffic. AC traction hasrectifier a theload side
used to supply dc to the motor driving theengine. It
produceswaveform distortion and harmonic current
generation. Also the power factor of thegrid reduces
duetousehighly inductivecircuitsand dsoinjection of
negative sequence current to grid. Thewidespread use
of static converters in the locomotive drives has
produced additional increase of current and voltage
harmonic pollutioninsdethetraction systemswhere
thedistorting effects of the el ectronic devicesadd on
to the other harmonicissues.

Both AC and DC traction systems generate
disturbances to the power quality. In AC traction
negative sequence current and harmonic current are
themajor problems. Thiscreatesadverseimpactson
thedectrica devicesand threatsthe safe operation of
thegrid, such asincreasing power lossesof theedectric
devicesand feeder line, reducing the output ability of
the traction transformer, disturbing the relaying
protection devicesto do mis-operation. The amount
of negative sequence current dependsuponthetraction
power system, bagcally thetransformer used. Typically
trandformersused are Scott transformers, Woodbridge
transformer and V/V transformers. When balanced
transformersare used, no negative sequencecurrent is
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injected into the grid when both the phasesarel oaded.
For thetraction power systemwith V/V transformer,
negative sequence current isinjected intothegrid. But
duetotheir smplegructureand high capacity utilization
they arewidely used.

Severa methodsareavailabletoimprovethe power
quality issuesin traction. They are shunt capacitor
compensation, static synchronous compensator,
thyristor controlled capacitor- Fixed capacitor
arrangements, static var compensator, UPFC etc. Here
anew topology for compensation isadopted, that is
Railway Static Power Conditioner (RPC). RPCwhich
contain two converters connected back to back by a
common dc capacitor, which can compensatefor the
negative sequence current and harmonic currentsfor
thetraction system. A reasonable control strategy to
adjust the output currents of two converters, it would
transfer the active power from one power supply arm
to another thus providing the suitable compensation.
The control strategy adopted isimplemented withthe
fuzzy hysteresiscontroller. Also thedc-link capacitor
voltageiscontrolled using aPl controller inorder to
maintain aconstant dc voltagefor the converter action
to be performed.

The paper, analysethe principle of RPC with three
phase V/V transformers to compensate negative
sequence and harmonic current and a method to
provide the compensating current references. In
particular, the stable control of dc- link voltageisthe
prerequisitefor normal operation of RPC.

I1. Train Traction Power Supply Systems

Thestructure of railway static power regulator is
showninFig. 1. Three phase 220 kV highvoltageis
stepped down into two single phase power supply
voltagesof 27.5kV by theV/V transformer. RPCis
made of two back to back connected voltage source
converters and a common dc capacitor, which can
provideastabledc link voltage. Two convertersare
connected to V/V transformer’s secondary power
arms through the output reactance and step down
transformer. A reasonabl e control strategy to adjust
theoutput currentsof two converters, it would transfer
theactive power from onepower supply armto another

thus providing the suitable compensation. Theturn's
ratio of theV/V transformerisK .

The step down transformer ratio is K. The two
reactancesareL_andL,.U_and U, arethesecondary
voltagesof theV/V transformer

¥
2z

Fig. 1 Topology of RPC

I11. ANALYSIS OF CoMPENSATION PRINCIPLE AND
REFERENCE SIGNAL ACQUISITION

A. Analysis Of Negative- Sequence Current
Compensation

In order to analyse the compensation principle of
NSC, weassumetheratio of V/V transformer ask .
Theleft sde of thefeeder sectionisphaseaand right
sideisphase b. Thethree phase primary voltages of
thetractiontransformer areU,,, U, and U ..

Three phase voltagesof the power grid are

UA = Ue_juo
e = Ueit2o

(1)

The currents of both the feeder arein phase with
U,.and U, and can be expressed as

C_ -j30°
‘ILa - jr.LctJi"'E J
C_ —jop0°
Iy = Ipre™

(2)

where | . denotes the rms value of Phase a
(fundamental) currentand | isthermsvalueof Phase
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b (fundamental) current. Thethree phase currents of
the power grid arethen

* ILaf . -
[, =—=e~/30
AT K

3)

The phasor diagram of the system without compensa-
tionisshowninFig. 2. Fromthefigureitisclear that
thethree phase currents of the grid are not balanced.
PhaseA current lags Phase A voltage by :-. Phase B
current leads Phase B voltage by so-;

Fig. 2 Phasor diagram of the system without
compensation

A. Shift of Active Power

Before RPC’'scompensation, a phase power arm has
load current |, and the b- phase power has load
current | . The RPC can shift half of the current
difference of thetwo section currentsfromthe heavily
loaded section to the lightly loaded section. Fig. 3
showsthe phasor diagram when the RPC shiftsAl =
(121 ;- fromPhaseato Phaseb, whichispurely
active. Thisbringsthe current of PhaseA and Phase B
to

31

. LAl
IJA:IA__E_"EO =
K, 2K,

(Ipag + Ipp)e ™2

Y AR | o
Ig = Ig +?v9 %0 :E(Imf‘l'fwf}e 20
4)

Phase A and Phase B havethe samermsvalue but
Phase C doesnot. PhaseA current lags PhaseA voltage
by 30=,"; Phase B current leads Phase B voltage by z0-;”
and Phase C current isin phasewith Phase C voltage.

Y

7
Fig. 3 Phasor diagram after shifting the active power
difference

C. Compensation of Reactive Power

In order to makethethree phase currentsbalanced, it
Isnecessary to add certain reactive current to phase a
and phase b to shift the phase angleto the currentsto
bein phasewiththe phasevoltage. It can beseenfrom
Fig. 4 that thereactive current to be compensated by
the convertersshould be

1 P
z—m{fmﬁfﬁ,f}mnan-

()

Phase a generates reactive power and Phase b
consumesreactive power. Thisbringsthethree phase
currentsi,, T,and T_onthegrid sidebalanced and in
phasewith the grid phase voltages, respectively. The
peak valueof thethree- phase currentsi,, T and 1 .is
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The phasor diagram on the secondary side of theV/
V transformer after shifting the active power and
compensating thereactivepower isshownFig. 4. The
phase currentson the secondary sideare

= _{II.E_,I" +I;_E,‘,-'}S[ﬂ|:}:."t

:-Ei'_f = ::II_E{I:-E;F +If.ii'_|l'-} Siﬂ{ﬁdt —_ 12[]::]
(7)
Hence, the compensating current of two RPC
converterscan beobtained as

:-r':: - :c,r' tra
lrp = tpp —irp
(8
The positivedirection of thecompensating currents
isthedirection when the currentsflow into the RPC.

IV. ConTroL oF RPC CoNVERTERS

A. Real-Time Implementation Of Compensation Principle

The current reference for the RPC converter
developed from equation (8) and isdepicted in Fig.5,
whereu, and u, arethevoltages of Phaseaand Phase
b respectively.RPC iscomposed of two back to back
convertersconnected by adc capacitor essentidly, and
we can independently control thetwo converters.

Fig.4 Phasor diagram on the secondary side of the V/V
transformer after compensation

Oneconverter canbeusedfor rectification absorbing
active power (Pa—Pb)/2to maintain thedc-link volt-
age, whiletheother oneisusedfor inversonreleasing
energy for dc-link capacitor to providethetrain with
activepower . Inthisway they cantransfer theactive
power and correspondingly output the reactive power
and reference currentsfor compensation of NSC and
harmonic compensation. FBD method isadopted for
thereference current generation.

Fig.5 Generation of current reference for RPC

When the phaseangle évariesbetween OR” and 6,
theconverter isused for rectification and the energy of
power grid flows to dc capacitor and as € varies
between OrR” and—0, theconverter isused for inverson
andtheenergy of dclink will flow to thetraction power
arm. For harmonic suppression, the total harmonic
distortion (THD) of traction power supply voltage
should belessthan 5% according to | EEE standards.

A. Current Tracking Controller for the RPC
Converter

Themain function of theRPC converter isto track
thereferencecurrentsi _andi_, respectively, which
includethe active, reactive and harmonic components
needed to compensate the negative sequence current
and harmonic currents. A fuzzy threshold bandwidth
hysteresiscurrent tracking control isadopted. In order
to solve the high switching frequency fluctuation
problemintraditiona hysteres smethod, thehysteresis
bandwidth, H isdesigned to be dynamically changed.
Fuzzy control has good dynamic characteristicsand
good robustness and is not sensitive to changes of
system parametersand can overcomethe effectsdue
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to some non-linear factors in the system. Also the
hysteresis controller has high precision and fast
response. Both thefuzzy and hysteresiswhen added
up will provide all these advantages and thus better
control.

y ]
— |y Comverter T
v |coxtr —f Histeresis 1 i
7| DLLER coniroller

Traction {—
system
voltage

Reference
current detection

P FUIn
a T covIR.

curreat OLLER

| Histeresis b uvorter
controller b

RPC

Fig.6 Structure of RPC current controller with fuzzy
hysteresiscontrol

Theinput of fuzzy controller containstwo parts: Al
thedeviation of reference current and the sensed actual

FUZZY CONTROLLER
Ir Alr

Languags rudey
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min synthetic method is used asfuzzy interference
method. After fuzzy inference, de-fuzzificationis
required to obtain the correct value of hysteresis
bandwidth H. This paper adopts centroid method of
de-fuzzification. Therequired H bandwidthisgivento
thehysteresiscontroller to track thereference current
and thus provide harmonic and negative sequence
compensation. Thecontrol sgnalsfromthehysteresis
controller isgiventotheconverter aand b gatesignas
inorder to vary thefiring angle of the converter andto
obtainthe require compensation.

C. DC- Link Voltage Controller

In order to make surethat the RPC converterstrack
thereferencecurrentsi  andi  properly astabledc—
link isessentia. Thetwo converterscan be considered
asindependent partsand the dc-link voltage hasto be
kept steady by the convertersabsorbing or releasing
active power. The converters should chargethe dc-
link capacitor when the voltage U . is below the
referencevalueU . Ontheother hand, thedcink

capacitor should be
discharged when the
voltage is above the
referencevalue. This
can be achieved by
re——— adding aPl controller.
' | "~ Theoutputismultiplied
with the synchronous
voltage signal sothat
thecurrentisin phase
withthecorresponding
voltages of Phase a
and Phaseb.

V. RESULTS AND
DISCUSSION

Fig 7 Schematic diagram of Fuzzy Controller

current and ==, therate of changeof current deviation.
The fig 7 shows the schematic diagram of fuzzy
controller. Threelinguistic valuesfor threelinguistic
variables are considered: Big (B), Middle (M) and
Smadl (S). Triangular functionisdevelopedisselected

asfuzzy variablemembership functions. Mamdani max-

Simulations were
carriedin MATLAB tool. Section B wasloaded and
its power is4800kW. The THD for the locomotive
current was 11.5% without compensation. Thegrid
currents|, I,and | areshownintheFig. 8 without
compensation. The corresponding THD valuesare
5.4%, 11.4% and 11.3% without compensation. RPC
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was introduced to the system after 0.1 sec and the
corresponding power quality issueswere mitigated.
After switching RPC, acertainamount of active power
wastransferred from Phase b to Phasea. The THD
valuewasreduced to 3% for thegrid current.

Fig.8 Grid current with ;\--0 compensation

The total reference currents required for
compensating the negative sequence current and
harmonic currentswere obtained. Thetotal reference
current needed for compensationisshowninFig. 9
andFig. 10. Thesecondary current of V/V transformer
ie; the phase a and phase b currents become equal
after compensationisshowninfig.11. Thethree phase
grid current after compensationisshowninfig.12.

e

Fig.10 Reference current for Phaseb

Fig. 11 Phase a and b current after compensation

V1. CoNcLUSIONS

A dtrategy to compensatethe negative-sequenceand
harmonic currentsin high-speed train traction power
supply systems with three-phase V/V traction
transformersis proposed in this paper. The current
references for the RPC converters are generated
according to theload currentson both sections of the
traction power supply system and current controllers
are designed to track the current references. A Pl
controller isadded into the system to maintain the dc-
link voltage.

Fig.12 Grid Current after Compensation
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ENGINEERS' DAY

September 15

- Bharat Rathna %
Sir MOKSHAGUNDAM VISVESVARAYA
1860-1962

September 15 is celebrated every year in India as
Engineers Day to commemorate the birthday of the
legendary Engineer Sir M. Visvesvaraya (1860-1962).

The KSEBEA observesthe Engineers day every year.
Thisiscelebrated throughout the state through al our
units.

Er. Mokshagundam Vishveshwariah, (popularly
known as Sir MV)was a notable Indian engineer,
scholar, statesman and the Diwan of Mysore during
1912 to 1918. He was a recipient of the Indian
Republic’shighest honour, the Bharat Ratna, in 1955.
Hewasknighted asaCommander of theBritish Indian
Empireby King GeorgeV for hismyriad contributions
to the public good. Every year, 15 September is
celebrated as Engineers Day inIndiain hismemory.
Heisheldin high regard as an eminent engineer of

India. Hewasthe Chief Designer of theflood protection system for the city of Hyderabad, now capital city of
AndhraPradesh, aswell asthe Chief Engineer responsiblefor the construction of the KrishnaRagjaSagaradam
in Mysore. Hewasbornin Muddenahalli in Karnatakastate.
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Symmetrical components-Simplified

Er Amal Ashok, Assistant Engineer, KSEB Ltd

Part-1: Symmetrical components
Symmetrical componentsisamathematical tool to
analyse conditionsin athree phase power system. In
1918, Dr. C. L. Fortescue wrote a paper entitled
“Method of Symmetrical CoordinatesAppliedtothe
Solution of Polyphase Networks.” In the paper Dr.
Fortescue described how arbitrary unbaanced 3-phase
voltages(or currents) could betransformed into 3 sets
of balanced 3-phase components. He called these
components* symmetrica components.”

Theseare used inrelay and protection schemesin
identifying certain condition and explaining anomalies
happeninginour system.

BascRules

1. Phasorsrotate in counter clockwise direction

2. Counter clockwiseistheleading direction

3. Clockwiseisthelagging direction

4. System values are the sum of three symmetrical
components

1.Positive sequence components. The following are
the properties of positive sequence components

a. All phasorsare equal in magnitude

b.There is 120 degree separation between the
phasors

c. They are symmetrical and has the same phase
seguence as the system

d.They are expressed as V1 or |1.

2. Negative sequence components: Thefollow-
ing arethe propertiesof negative sequencecom-
ponents
a. All phasorsareequa inmagnitude

b. Thereis120 degree separation betweenthe
phasors

c. They aresymmetrical and hasthe opposite
phase sequence asthe system

d. They areexpressedasV2or|2.

3. Zero sequence components: Thefollowing are
the properties of negative sequence compo-
nents
a. All phasorsareequa inmagnitude
b. They havecommon anglebetweenthe

phasors
c. They areasymmetrical and no phasese-
quence

d. They areexpressedasVOor I0.
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Hencethe zero sequence component iszero for abal-
anced 3 phase system.
Theaoperator

The a operator is a 120 degree counter clockwise
operator.It shifts the phasor by 120 degreesin the
counter clockwisedirection. Thea2 isa 240 degree
counter clockwise operator.lt shiftsthe phasor by 240
degreeinthecounter clockwisedirection

L etsnow approach themath
Taking A phase asreferencewe canwrite

[0=IA0=1/3(IA+IB+IC)
11=1A1=1/3(IA+alB+a2
IC)

12=1A2=1/3(1A+ a2
|B+alC)

So neutral current measured by neutral current trans-
former inaprotection systemis3I0.

Now letstake abalance system

|A=10A<QO _ _
IB=10A<-1200 Now |etsfind the negative sequence components
|C=10A<+1200 for thebdancegl sysem
Zero sequence component 10=IAO=1/3(IA+IB+IC |IA=10A<0

> P ( ) IB=10A<-120"
Sofirst letsadd the 3 phasors IC=10A<+120°

Negative sequence component [2=1A2=1/3(I1A+ a2
IB+alC)
So letsadded the phasor 1A with I B (phase shifted
by 240° and | C(phase shifted by 120°%)

On adding the three phasors we came to the point
wherewe started ,so the sumiszero.

KSEBEA Hydel 2019 Volume 65



38

Now Again on adding the phasorswe cameto the
point we started,so the sum iszero.Hencethe negative
seguence components is zero for a balanced three
phase system.

Now letsfind the positive sequence components
for thebalanced system

IA=10A<Q°
IB=10A<-120°
IC=10A<+120"

Positive sequence component 11=1A1=1/
3(lIA+alB+a21C)

Soletsadded the phasor | A with I B (phase shifted
by 120%) and | C(phase shifted by 240°)

So11=1a1=1/3(10+10+10)=10<00

So for a balanced system the resultant is 100%
positive sequence.

Part-2 : Unbalanced System

Inthe previouspart of thispaper we haveanaysed
abalanced system and found that for abalanced sys-
tem theresultant is 100% positive sequence.

Now letstakethe example of an unbalanced sys-
tem.

IA=5A<0
IB=2A<-120
IC=5A<120

Zero sequence component 10=lA0=1/3(IA+IB+IC)
Low letsadd thethree phasors.

When we add the 3 phasors we get aresultant R
whichisat anangleof 60 degreesto thereference

withamagnitude of 3Amps

R=3A<60"

So 1A0=1/3(3<60%)=1<60"

So theA phase zero sequencecurrent is 1<60°
smilary wecantransformtheother phase. Thezero
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seguence componentsof al phaseswill haveamag-
nitude of 1Ampsand angle of 60°

Zero sequence components

Now letsfind the negative sequence components

Negative sequence component 12=IA2=1/3(1A+
a21B+alC)

Soletsadded the phasor 1A with I B (phase shifted
by 240°) and I C(phase shifted by 120

When we add the 3 phasorswe get aresultant R
whichisat an angleof -60 degreesto thereference

withamagnitude of 3SAmps

R=3A<-60°

So IA2=1/3(3<-60%)=1<-60"

So the A phase negative sequence current is 1<-

39

60° similary we can transform the other phase. The
zero sequence components of all phaseswill havea
magnitude of 1JAmpsand angle of 60° laggingangle.

Negative sequence components

Now the negative sequence components are 60
degreeslagging the phase components.Wea so notice
that thefollowing pointsfor negative sequence com-
ponents

1. Phasesequenceisreversed compared to phase
current.

2. They ared| equa in magnitude
3. They arehaving aphasedifferent of 120°.
Now letsfind the positive sequence components
Positive sequence component 11=1A1=1/
3(IA+alB+a21C)
Soletsadded the phasor 1A with I B (phase shifted
by 120% and | C(phase shifted by 240°)

Now if we add the three phaseswe get the resul t-
ant R=12A<(’.

SO 1A1=1/3(12<0%=4A<60"
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Positive sequence components
Wenoticethat thefollowing pointsfor positive se-

quence components

1. Phase sequenceissame compared to phase cur
rent.

2. They aredll equa inmagnitude
3. They arehaving aphasedifferent of 1200.

For an unbal anced system the magnitude of posi-
tive sequenceislesscompared to aba anced system

For getting our system va ueswe can add our posi-
tive sequence,negative sequence and zero sequence
vaues.

Positive sequence
components

Negative sequence
components

We are doing the summation by keeping the
positive, hegative and zero sequence componentsend
toend.

So letstaketheA phase

IA=IATHA2+IAO
=IA1+R1
=(4<0)+(1<0)=5A<0"

Now for B phase when we keep the components
end to end we noticethat negative and zero sequence
componentsarein opposite phaseto the positive se-
quence components.

IB=IB1-1B2-1BO
=2A<-120°

Similary for C phase

[C=IC1+IC2+IC3
=IC1+R2
=5A<120°

Now we haveverified the math.
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Abstract.- Inthe modern power systemvoltagein-
stability isthemost prevalent issuewhich occurscon-
tinually and mandatesthe system operator to find the
remedy in order to havetheefficient and reliable op-
eration of equipment connected to the system. This
literature emphasizeson thevoltageingability issue of
power systemsand al so an approach which can over-
comethe problem whenever the systemis subjected
to an aforementioned problemwhichisusudly accom-
plished by deploying compensation deviceof suitable
size. Inthis paper, teaching learning-based optimiza-
tion techniqueisused to find the appropriate size of
thecompensatory device, whenever thevoltageviola
tion occurs due to the increased demand for active
power aswell asreactive power inthe system. dv/dq
index ispreferred to find thel ocation of compensatory
devicedlocetion. Inthisliterature, STATCOM isused
asacompensatory device and thisapproach isvali-
dated for IEEE 30 bussystem onthe MATLAB plat-
form.

Keywords.- STATCOM, voltagestability, optimal
location, TLBO, lossminimization.

1 Introduction

Therapidincreasein modernization and the stan-
dard of living are somehow the major cause of the
drasticincreaseinload demand and the problem of
voltageversatility andlossesin thetransmissionline.
Tomitigatethisissue Power Electronicsbased devices
named asFACT Sareeffectively used for lossminimi-
zation andtoimprovevoltage stability and power flow
control [1]. FACTSdevicesare quite expensiveand
their placeimplementation and Szecaculaionisacru-

cia factor [1]. To solvethese FACTS optimization
problemsthere are numerous methodslikeclassical,
technical, heuristic and mixed techniquesbut al these
methods have some disadvantagesbesidesal thead-
vantages.

Classica methodshaveacomputationa limit asthe
sizeincreaseswhiletheresults of technical methods
arenot aglobal optimum. Heuristicstechniquesare
ableto calibratethe optimum resultswith fewer com-
plexitiesusedin[2].

Thesetechniquesare popul ation-based and derived
from human behavior or natural phenomenaand have
better convergence and al so ableto converge prob-
lemswhich have anon-continuous and not differen-
tiableobjectivefunction, sothey aremoreflexiblethan
other methods and possessthe capability towork be-
yond thelimitsof continuity and differentiability of a
functionusedin[3].

Mixed methodsare addressed asthe FACT S opti-
mizationissuewith technica aswell asheuristic meth-
ods. The problem of optimal allocation of FACTS
devicesissolved by applying technical methodsand
subsequently, the settingsof FACT Sdevicesare opti-
mized with classical or heuristic methodsto alleviate
the computationa effortswith globa optima resultsas
usedin[4][5].

In this paper, STATCOM isemployed asacom-
pensatory deviceand to find the optimal location for
STATCOM allocation dv/dq index method isused,
whichisvery easy to cd culate from the Jacobean ma-
trix during load flow. TLBO is implemented in
MATLAB coding for sizing and parameter setting of
the STATCOM. N-R method is used for load flow
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with STATCOM in order to optimize the objective Min (F) =w1*min (f1) + w2*min (f2) 4)
function. Herew1 and w2 areweight factors
2. Placement and Sizing of Facts Devices 4 Static Synchronous Compensator
FACTSdevicesplay animportant rolefor stability (STATCOM)
enhancement and toimprovethetransmission capac- STATCOM classified under shunt connected

ity of thetranamissionlinebut th pend : ) )
'yol the Issionlinebutthesearevery ex ve FACTSdevices. A coupling Transformer isused to

and call for attention on the perspective somefactors o )
asan appropriate size of devices, sizeof FACTSde- dfili at_e t.h evo Itage source converter (VSC) withthe
transmissonline.

viceandlocation wherethe FACTSdevicesareto be :

deployed. Thesefactorsplay avitd roleinminimizing ~ STATCOM sérvesthe purposeof supplying to or
theinstallation cost of the FACTS device associated  @0S0rbing from depending upontheviolation of line
with therequired reactive power compensationtoim-  "éactivepower. M ode of operation of the STATCOM

provethe stability of the power system. dependsuponthevariationinvoltageof theline. When
The optimal location for placement is necessary thetermind voltagefdlsoff thelower limit STATCOM

because of thefact that minimum no. of compensation suppliesreective power andif thetermindl voltegeex-
devicesarerequired at theoptimal location [7]. Inor-  Ceedstheupper limit STATCOM absorbsthe reac-
der to find out the optimal location for factsdevices, tvepower fromtheline[11].

the weakest bus of the system should be known be-

causethelocation of weak busesisthe best suitable |
location for the FACTS installation. dv/dq index
method isused in this paper, thisindex containsthe Bus i LA./ U\_J Bus k
information about the voltage variationsin each and = Magnetic

every bus according to the load variation. The bus MM coupling

which showsthemaximum deviationinthevoltagepro- Vi b
filewith load changes are named asthe weakest bus \|/ \|/
of that system. Sizingisanimportant factor in order to
reduce theinstallation cost of FACTS devices. Ex- ‘fS’O“{ige Controlling
pressionsfor the cost function of STATCOM isgiven comvorter parameter
below [6][8]:
CSTATCOM = 0.000375S2 + 0.3041S + 162.4 I—‘Ii'J
(US$/KVAI') (1) Fig. | Functional block diagram of STATCOM
3 ProblemFormulation
3.1 Objective Function STATCOM isasemiconductor device soits out-

Objectivefunction isthe mathematical expression put 'S , :
of objectives. FACTS devices are taken in use be- limited to the defined maximum voltageand current

causeof their multi-functionality. Thesedevicesareable  aINg:

to achievemorethan singleobjectiveas: Thefollowing redl and reactive power equationsare
3.L1Firstobjective- Minimizationof lossesasin[g]  Obtained for the converter placed at busi asin
N 2 2 [10] [11] '
fi = XL, gV + Vi" — ZViVjcost(6; — §;) (2)
3.1.2 Second objective- minimization of the Pyt = VVeeysn sin(® + 0) — Ve sin(@) (3)
Voltagedeviation Qst = ViVeryen cos(@ — @) — Viygy, cos(@) (6)
2
f, = EjE{L|VJ‘ - Vj-ref| - - (3) Here,
Final objective function Vi = Gridvoltage; Vst = STATCOM voltage
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From above equationswe can say, reactive power

injectionisdepend on phaseangle (4) and (4) can
be calculated from below equation [11], where Ca-
pacitor voltage V ¢ should be constant

Visin(8+@)
K=s‘1n(a)sin(%)

Here,

K= constant

() = Phase angle and y==width of DC voltage
pulse on the capacitor

Real and reactive component of compensation cur-
rent

can beexpressed asin[11]:

V, = (7

= Icos(Z - 6) (8)
lg = *lsin(Z - 6) 9)
Where,
[ = V—smB (10)
v
V ref /‘
|
|
|
|
|
|
]
Imin Imax
capacitive inductive

Fig. 2: V-I Characteristics for STATCOM

5 Teaching Learning Based Optimization

(TLBO)

TLBOdgorithmisingpired by classroom behavior or
process of teaching and learning in the classroom.
TLBO ispopulation-based techniquelike PSO. The
property which definesTLBO algorithm to beadvan-
tageousisthe absence of user-defined or tuning pa-
rameter and makesit popular and very easy tobeimple-
mented. According to the classroom behavior, TLBO

Teaching Phass

2 the ka Yes Accept the
i |previous solution update solution
i

i [previous selution

43

algorithm involvestwo steps during implementation
whichareteaching andlearning phase.

| Initialization parameters and members |

[ Calculate the fitness value |
-

L
| Select the teacher, calculate the average grade |

[ Update teaching phase |

Save th Accept th

Learning

| Update learning phase |
Phase

Accept the
update solution

Save the Na Yes

| l

>p

Finish Mo

condition?

Fig. 3: Flow chart of TLBO

5.1 Teaching phase

Populationiscond dered aslearnershavingthesame
objectivesasinaclassroom. Best oneamong theadl is
treated asateacher and al thelearnersstart to shift
towardsteacher (thismay bealocal optimum or glo-
ba optimum) in given spaceasshownin equations (11-
12). Thisprocessworkslike ateacher teachesthe stu-
dents.

X[*W = x; 4 Difference meany

(1)
(12)

Difference meany = rand(M§™ — TF = My)

Here, Md

Here, M3®" = new mean value
My = old mean value
TF = Teaching factor

5.2 Learning phase

After theteaching phaseall learnersare updated
according totheaboveequations. Inthelearning phase,
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each learner interactswith all othersand the best solu-
tionwill be considered asnew learner or solution. If
thisisthegloba optimumfor given spaceit will befind
solution elseit passesto the next iteration asin equa-
tions(13-14).

new _—_ o New new NEW Y . if FRew new
XEW = x] +I'and(x,— - X ) JFEREY < f; (13)

new

XMW = %P 4 rand(x" -

i x]_ne W‘:] : lf fil'lE'W - f]_ne W ( 14)

6 Results and Discussion

The proposed algorithmiswritten and resultsare
validated in MATLAB with the consideration of the
|EEE 30 bus system as atest system. The IEEE 30
bus system consisting of 5 generator buses, 24 |oad
buses and one slack bus (busno. 1). For better com-

pensation, the STATCOM isemployed at the weak-
est among all buses. In this system, the 26th busis
found to be the weakest one and the task is accom-
plished by performing the dv/dq index method. Fur-
ther to show the superiority of the proposed method-
ology over theexisting system acomparison hasbeen
madewhich reflects, the proposed methodol ogy to be
beneficia over theexisting system. For the compari-
sonof power lossat distinct loadsistaken into con-
Sideration asan attribute.

Table 1. Power loss comparison at different |oad-
ing conditions.

Fromtheabovetable, itisclear that with the pro-
posed methodol ogy power lossin the systemismini-

mized with asubstantial reduction at ahigher value of
loading.

Load Active power loss(MW) . L
(%) Without STATCOM With STATCOM Another comparison hasbeen mede consdering the
100 17.503 17.456 voltageprofileat different loading conditions. Withthe
110 21.752 21.678 implementation of the proposed methodology, it can
: ;g i‘?;zg 2?;‘32 be observed that enhancement in voltege profileisac-
' — complished over theexisting system.
Hut Bace load 110% load L 20% load 130% Load
n Wizhout With Withe With Withour Wik Without Witk
STATCOM  STATCO STATCO  STATCO  STATCOD  STATCD  STATOO
2] STATCD) L M Lh| 2] LY
bzl
1.0&0 1060 1064 1.060 1.060 1060 1060 1.0&0
z 1.043 1043 1043 1.043 1.043 1.043 1.043 1.043
3 1.027 1028 1025 1.024 1022 .02 1018 1.019
F 1.020 1021 LM7 1.018 1.0143 1.3 1o 1.012
5 1.010 1.0 Log 1.010 1010 1.0 LoD 1.010
§ 1.015 (T L3 104 1011 1Lz 1,008 1.010
7 1,008 1005 1003 1.004 1.00 1.00] 0.998 0.999
§ 1.010 1.0 Log 1.010 1010 1.0 LoD 1.010
- 1036 1337 1333 1.035 1028 1.03] 1.025 1.02%
1] 1.024 1024 Log 1.023 1.013 LT 1.007 1.012
. 11 1.0RZ 1082 1.OR2 1.082 1.082 1082 1.082 1.0R2
Table 2. Voltage Profile Com- 12 1.035 135 131 1033 1.027 1029 1.023 1.025
i i it 13 1.071 1471 1071 1.071 1071 1.07] 1071 1.071
parisonwith Existing System 14 1.020 1021 LS 1.7 1,008 1.1 1.003 1.007
. 15 1.01& L7 Log 1.013 1.004 1.007 0.998 1.002
The observations show that 6 1023 1.024 Lal7 1.020 1012 1015 1008 1.010
Wlth thel mpleﬂne']tal on Of pro_ - Df 30 12 1| i‘ 1 D6 1310 0.59% 1.004
I8 1.00 1008 0.909 1.003 0.592 0.905 0.984 0.989
posed methodol ogy the result 9 1.004 1905 09s7 1.000 0588 0.992 0.980 1.986
; ; ; o 1.00% (B 1001 1.005 0.594 0.997 0586 0.99!
obtained is satlsfactory and 2 1.009 101 1001 1.007 0.594 0.909 0586 0.993
hence ensuresthe assuagement 22 1.015 L7 1008 1015 1.0l 1008 0694 1.003
f iStesof s bk 1008 101 1001 1.004 0.593 0.959 0586 0.993
Ol requisites oI acompensator. 24 1.002 1005 0.993 1.005 0,585 0.998 0.576 0.99!
2 0.995 1.g02 0987 103 0.87% 1.003 0871 1.003
2% 1,976 0.993 0.967 1.023 0.857 1.009 0.947 1.017
7 1,939 1004 0.993 1011 0,586 1.003 0578 1.002
28 1.014 Lana L1 104 1.00% 1.1 1,006 1.009
m 1,970 0924 0.970 0.989 0,941 0.97% 0851 0.975
30 0.957 0972 0957 0.974 0,547 0.954 0935 1.950
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7 Conclusion

From the results obtained it can be observed that
placement of STATCOM asFACT Sdeviceand ap-
plication of TLBO algorithm havetheir own advan-
tagesonthe perspectiveof varioustermssuch aspower
lossminimization and voltage profileimprovement. Al-
though, fromtheresults, itisclear that by minimizing
the system power | osses the proposed methodol ogy
has proven to be an economically efficient system.
However, to get the precise economic efficiency of a
deviceitisrequired to perform an operation because
theinstallation cost of the FACTSdeviceisasoin-
volved.
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inthe Mojave Desert in Californiaisthe World'slargest
solar power plant. An engineering marvel in itself,
Ivanpah usesover 3,00,000 mirrors (heliostats) to reflect
heat and light from the Sun onto boilers atop three of
the towers here. Each of these towersis 150 feet taller
than the Statue of Liberty.

As water in
the towers gets
heated, steam is
created and
moves turbines.
This produces
enough clean
and green
electricity to power up 1,40,000 homes (about 392
megawatts).

Fromadistance, mirrorslook likealakeinthemiddle
of a desert which is about four times larger than the
Central Park intheNew York City. It can be seenfromthe
International Space Station.

Solar thermal projects like Ivanpah are said to be
more suited for Indiaaswe have plentiful land and Solar

irradiation.
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Innovations in Storage Battery Technology

Dr Krishnakumar M, Assistant Engineer, KSEB Ltd

Battery research has been a priority in present day
technology and structura devel opment. The successful
of atechnology dependson the easinessin accessing
the power and energy, especially through stored
sources. Thefollowing three power supply and battery
innovationsthat could changetheway we energize our
world.

Redox Flow Batteries

Vanadium Redox-flow batteries(VRFBS) isdready
inuse toimprovegrid andlarge-scaleenergy storage.
Thisform of battery wasinvented decades ago, but
wasonly recently adopted asaviable option to lead
theindustria battery charge.

VRFBsareappropriatefor grid-scaleusage, which
meansthey store hundreds of megawatt-hours. For
example, awind farm or solar farmmay useaVVRFB
to capture the excess energy created by these
renewabl e energy sources during peak production
times. The benefits of VRFBs compared to Li-on
power cells are durability, scalability and longer
discharge cycle. Vanadium-based Dedox-flow
batteriesa soincur lower costsdueto higher abundance
of vanadium.

RFB works more like areversible fuel cell: To
discharge, the battery takesthe chemica energy stored
inliquid electrolytes and convertsit into electrical
current, reversing the processto charge. Other battery
formsrely on charged el ectrodes, increasing firerisk.
VRFBsare safer, especially when built around non-
flammablematerias.

Thistechnology over comesthe shorter discharge
cycle; two hoursor less. Inthecaseof industrid Li-on
batteriesat grid-scaleLikeakalinebatteries.
Alkaline Solid-State Battery

Alkaine Solid-State Battery technology isinvented
by Michael Zimmerman. The advantages of this

technology indludessafety, efficiency and sustainability.
Thisresearch hasmadethefurther advancementsunder
theleadership of Billy Joy at lonic Materials.

Higtoricaly, consumershaverelied ontwo kindsof
batteries. Alkaline batteries which use zinc and
manganese dioxide. However, they are not
rechargeable. Laer chargegblelithiumion batteries (Li-
on) areintroduced to over thisshortfal.. A traditional
Li-on battery, likewhat powerscell phonesand dectric
vehicles, usesaliquid lithium el ectrolyte sol ution that
carriesions. Li-on batteries can beunsafe. They can
catchfire, especialy if theliquid gets corrupted with
another substancethat createsachemical reaction.

Inasolid-state battery, theliquidisreplaced witha
plagtic. Thepolymer ismadeof dkainemateriads which
are far more abundant than lithium and cheaper to
source and use. The polymer is naturally flame
retardant, an important quality, and arerechargeable.
They have the potential to be reformatted as large
batteries for grid storage due to their efficiency.
Drawbacksto thistechnology includeweight/density
Issuesand inadequate cycleamounts.

Sodium Solid State Battery

All-Solid-State, Sodium-based Battery hasfaster
charging with an increased storage capacity and
improved safety. Besides using sodium asthe solid
electrolyte, their material choicesfor other essentid
battery partsinhibit dendriteformation. Dendritesare
electrolytic growths, looking like chemical vines, that
cut battery life spans short. The technology uses a
boron-based substance that would conduct the sodium
ions.Asaninorganicmaterid, itwill not catchfirewhile
charging.

Theresearchisin progresstoimprovethe charge
dischargeto 1200 cycles, whichisthe current market
standard.
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Modeling and Simulation of Standalone Wind Energy
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Abgtract: With the current scenario of availability of
depositsof conventional energy sources, itwasonly a
matter of time before energy generation with renew-
ableenergy sourcestook charge. With renewableen-
ergy sourcesavailablein abundance, it hasbecome
possibleto harnessand usethisenergy extensively. One
such energy sourceisWind. Thispaper focusesonthe
modelling and simul ation of standalonewind energy
conversion system for small scale operations. The
open-loop simulation is carried out in MATLAB
Smulink. Thesystem consistsof Wind turbine Smulink
model, DC generator and Full Bridge DC-DC con-
verter followed by theload.

Keywords: Renewable, Wind Turbine, DC-DC
Converter, DC Generator, Open loop.

INTRODUCTION

The conventional sourceshaveawaysbeen at the
forefront asfar aselectric power productioniscon-
cerned. Theonly major hurdles are the emission of
gases and the pollution of environment which eventu-
aly contributeto theglobal warming. Thus, the use of
renewabl e sourcesfor electric power generation has
increased ferocioudly.

Renewable sourcesare clean sources, thus, it has
an added advantage that emission of harmful gasesare
minimized to agreater extent. Also, thesesourcesare
availablein abundanceamost al thetime. One such
renewable sourceiswind energy. Thefact that windis
aclean and inexhaustible source of energy and also
that itisreadily availablein environment makesit a
popular choice among therenewable sources. Sinceit
doesnot the pollutethe environment during itsopera-
tion, it has become one of the most desired energy
systemsfor minimizing theenvironmental problems,
both nationally and globally [1].

Thispaper focuseson modelling and devel opment
of standalone wind energy conversion system. The
sysemismode led for operating low and medium scade
loads, basically residential loads, primarily inremote
areas.

Theblock diagram of standalonewind energy sys-
temisshowninFig.1. The system consists of wind
turbinemodel, DC Generator, DC-DC converter and
theload.

DC-DC
Full Bridge [ ™
Converter

Wind | DC
Turbine Generator
Model

LOAD

Fig.1 Block Diagram of open loop standalonewind
energy conversion system

Theoutput of thewind turbinemodd iscoupledto
the DC Generator. Thus, output from the Generator
obtainedisin DC form. Thisisfed totheFull Bridge
DC-DC converter whichisacting in boost mode, as
thedesired output requiredishigher. Thisoutput isthen
fedtotheload. The simulation resultsfor the system
showninFig.1 area so shown.

WORKING PRINCIPLE OF WIND TUR-
BINES

Windturbinesbasicaly convert thedynamic energy
of wind into mechanical power. Thisconversion of
mechanical power into electrical energy can be
achieved withthe help of Generators. Thisconversion
iIsachieved dueto the sleek forcethat ishatched by
rotor blades of turbine. Asthewind gushes passthe
blades, thereisanonconformity intheair pressureon
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elther sdesof blade. Thisnonconformity acrosseither
sidesof thebladesgivesrise tolifting and dragging
action[2].

Thegyration of rotor beginswhenthelifting force
of bladesishigher thanthedraggingforce. Therotor
isfurther coupled to the Generator with the help of a
shaft. Thisshift from deek force of therotor bladesto
thegyration of generator givesrisetodectricity. Higher
is thegyration speed, higher isthe electricity gener-
ated.

MATHEMATICAL MODELING OF WIND
TURBINE

Themoddling of thesystemisdonekeegpinginmind
the practical parametersaswell asideal conditions.
Themechanical output power of turbineisexpressed
as"(1)",

Pm=Cp(+.0)*p*A2*v3wind(1)
P /

Performance of coefficient of Wind Turbineturbine
isexpressedas”(2)”,

Cp(Lp)y=cl(c2/ i—c3f—cd)e(—c5/4i) +cb64(2)

Thecoefficientscltocb are,

c1=0.5176,
c2=116,
c3=04,
c4=5,
c5=21and

¢c6=0.0068.
Also,

1/4i=(1/;+0.088)—(0.035/(83+1)  (3)

Thetip speedratioisexpressed as’ (4)”,
r=WR/v 4

Pm =M echanical power output

Cp= Performance coefficient
A=Tipspeedratio

f =PRitchangle

w=angular velocity of windturbine
v=wind speedinm/s
p=Dengty of airinkg/m3
A=Areaswept by rotor [3]

(T—1
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X
il dvsm|
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. i
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s — fyun
— lanidabel
(G
Fitgh aaghe deq]

Fig 2: Wind Turbine Simulink M odel

The output port gives usthetorque generated by
theturbine. Thetorque output isthen madeavailableto
the DC machine.Inthissystem, theDC machineismade
towork asDC Generator. Thisis achieved by revers-
ingthetorque.

Thisgenerator isa separately excited DC genera-
tor. Thefield winding isexcited separately. Thevolt-
ageand current are observed at theload.

Theequationfor output voltageintermsof excita-
tionvoltageisexpressed as” (5)”

V=Eg-laRa (5)

where,

V=Termind Voltage
la=Armature Current
Ra=Armature Resistance

Fig.3 istherepresentation of coupling of Wind Tur-
binemodel and DC Generator Model
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Fig 3: Matlab Mode of Wind turbineand DC Generator

Theoutput voltage and current of theentiresystem
ismonitoredacrossthe L oad.

DC-DC Full Bridge Converter

Theoutput of DC generator isthen cascaded to the
Full bridge converter. Thisconverter isspecificaly used
whenwe need asteep increasein voltage[5]. There
aretwo operating stagesinthisconverter:

1) DCtoAC conversion
2)ACtoDC conversion

DCtoAC trandation ispossiblewith the help of
IGBT switcheswhichareinverting thevoltage. Thegate
pulsesaretriggering the switcheswhich arescheduled
after acertain delay with respect to each other.This
inverted voltageisthen fed tothetransformer. Thetrans-
former amplifiesthevoltage. The stepped up voltage
isthenfedtotherectifier circuit. Theresultingwaveisa

DCwithripples.Inorder tonullify thisripplesfilter cir-
cuit isused [6]. TheL and Cvaluesare so designed
to negatethe rippleinvoltage and current.

Thevaueof inductor isexpressed as“(6)”
L=D*Vin/(2*dI*Fs)

Thevalue of capacitor isexpressed as”(7)”
C=dI/(8*dV*Fs)

where,

(6)

(7)

D - duty cycle,

Fs- switching frequency,

dI- ripplecurrent (1%of inductor current),
dV-ripplevoltage (1% of output voltage).

Theva ueof inductor was 35mH and the val ue of
capacitor was470 micrufarads.
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The Matlab model of DC-DC Full Bridge Con-
verteris

showninFig.4.

Fig4: Matlab mode of DC-DC Full Bridge Converter

DC-DC Full Bridge Converter consistsof single
phaseinverter, step-up transformer and arectifier.

Theabovesystemisoperated at 6.5V input which
isstepped to the desired voltage at theload of 145V.
Theswitching frequency isset at 10Khz whilethe op-
erating duty cycleis50%.

The obtained values of Inductor and Capacitor are
10.83mH and 62.5uF respectively.

OBSERVED RESULTS

The simulation of Wind Turbine Model and DC
generator gavethefollowing output for voltage and

current waveformsareshowninfig.6. -
1g.
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The obtained voltagewas 24.12V and current ob-
tained wasaso around 4.78A for aresistiveload.

Thesmulationfor Full Bridge Converter wasaso
carried out. The Output DC voltage isshowninFig.7
and Current waveformisshowninFig.8.

Fig.7

o

Fig.8
The output voltage of the entire system was ob-
served to be around 94 DC and the current obtained
wasaround 0.97A.. Thus, the power delivered at the
output is91.18W.

CONCLUSION

Themodeling and design of openloop stlandalone
wind energy conversion systemwasdiscussedinthis
paper. Theworking principlesof Wind Turbinesys-
tems, DC Generator wasalso briefly discussed. The
need and working of Full Bridge DC-DC Converter
wasal so discussed.

Theaim of thisproject wasto implement acom-
pact Energy systemwhich can beusedto provideeec-
tricity in the remote areas where the electricity is
scarcely available. The system was observed to de-
liver apower of 2.25KW whichwould be enough for

ol

alighting up afew housesinremote aress.

Thesmulation resultsfor the systemwereaso
observed in this paper.
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Earth Hour

Earth Hour is aworldwide movement for the planet
organized by the World Wide Fund for Nature
(WWF). The event is held worldwide annually
encouraging individuals,
communities, households
and businessesto turn off
their non-essential lights
for onehour, from8:30to
9:30 p.m. on the last
Saturday in March, as a
symbol for their
commitment to the
planet. It was famously started as a lights-off event
in Sydney, Australiain 2007. Sincethen it hasgrown
to engage more than 7000 cities and towns
worldwide. Today, Earth Hour engages a massive
mainstream community on a broad range of
environmental issues. The one-hour event continues
toremain thekey driver of the now larger movement.

EARTH HOUR
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The FLOOD 2018 - an analysis based on data analytics

Er Shine Sebastian, Assistant Engineer, KSEB Ltd

It wasatough timefor Keralitesand departments
inthe previousyear dueto flood. The most wanted
peoplefor thistragedy wasK SEBL intheview of press
and media. So| thought of having an analysisbased
on analyticstools(Microsoft POWER Bl isused for
analysis). The softwareishaving basic reporting and
anayticstechniques. Sinceit'safreeversonithassome
limited functionscomparedto thefull verson. Thefirst
thing whichwe haveto understand isthat some places
of keralausedto haveflood during monsoon, especidly
inthelow lineareaof Kuttanad and aluvaM anapuram.
| till recollect thestuationin 2013 wheremy colleagues

houseat Aluvawasunder water. Soitsnot anew thing
for us. Then what happened now?? Why everyone
blame us??1 worked most of thetimein Generating
gationsand having avery good understanding of Kerda
DAMsand Hydrology. Thedatacollected fromWRIS,
NLDC, SRLDC, SLDC are presented here for an
academic purpose.

The analytics will give us the answers for our
guestions. Even the google sheets provide alot of
optionsto explore. You can aso run various scriptsto
get accurate results. The reporting tool requires

Analysis of Idukki Inflow from 1960-2018

@7cal @JUN BIUL $AUG

Picture (1)

J 2.770.24
N 407.05
843.82

Inwhich year we have received the maximum inflow for August month?
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historical data. This technique is known as data
warehousing. Nothing but awarehouse of data. The
mostimportant thingisthat nodatainthiswill bedd eted
and usually hasatime stamp. The dataanayticsand
reporting isneed of the hour and Indiaisthebestin
this. | have seen that WR-1S has good collection of
data and hence these sites are used for academic
purpose.

If westudy the dataof |dukki reservoir for the past
few yearswe can understand what happened during
flood 2018.

For Eg: what isthe averageinflow of water into

Idukki reservoir during variousmonthsof monsoon (The
dottedlines)?

Analysis:
AVERAGEINFLOW BY YEAR
2770 2779
2579 i
2018 1981 1971
Picture(2)
Analysis:

It is seen that strong inflow (2500M CM and above)
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Thisisbeen shown inthe picture 1 and it isFor
June - 226MCM, July- 438MCM, August -
376MCM. Now if we compare these values with
inflow received in 2018, theresultswill give uswhat
happened during flood???

Analysis:

We can see during 2018 we have received maximum
inflow in the august month. So the graphical
representationwill dwayshelp usto haveaclear picture
onvariousissues.

Heaviest Inflow

Now theaverageinflow intoidukki for the period of
1960 to 2019(Data up to September) is calculated
and drilled downto seethetop few years.(Picture 2

2680
2487 I

1361 1933

in to the dam used to occur in aperiod of 10 years

between 1933 and 1943 and 1961,1971 and 1981 etc.
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Worst Inflow

Moreover theworst inflow in to idukki reservoir happened in the year 2012,2003 and 1987(around 900
MCM) as shown below.

AYERAGEINFLOW  BY YEAR

|||Iil||| |||Ill|||
2ma2 2003
Picture (3)

Considering these aspectswewill go back to our previousanaysis- “What happened in 2018?°. So| have
taken anew graph whichisknown as* Ribbon’

JUL, AUG AND JUN BY YEAR

UL BAUS BN Inflow during monsoon périna' is analysed for the

higest trends. We can see that the year 2018 is
quite different from other years{August inflow is
almost doubled). THE 2018 also got the highest inflow in the monsoon

2018 1992 1981 1971 1961 1943 1933
Year
Picture(4)
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Inflow for each monthisshowninthepicture(4). It
clearly says what happened during the peak of
monsoon. The reason for heavy inflow during 2018
is due to heavy rains and no dams in kerala
generated floods. Here the discussion is for

constructing more reservoirs like IDUKKI. This
isonly the second time (first being 1981) wereceived

heavy inflow during august month. If this happened
in July or June then we would have had the
cushion for accommodating this massive in flow.
But dangerously it happened in the month of
august. That too 360 percentage above the
average inflow (376 MCM).

Rule Curve

So coming to the next level of analysisto handle
such asituation, we need to consider rulecurve. Rule
curve shall betherefor all damsand thiscurvewill
haveinformation about itsoperationa capability.

After thederivationof initid rulecurvesfor different
purposes, theoperation analysis

iscarried out for thereservoir and therule curves
arefine-tunedtill the performance of the system could
be improved. Finally derived rule curves are the
operation rule curveswhich will beusedto guidethe
operation of reservoir inactua field conditions. At any
time, the reservoir is operated according to the
prevaent water level and the elevation of different rule
curvelevelsfor thecorresponding time. Let usassume
that areservoir is meant to serve for water supply
(highest priority), irrigation (next priority),
and hydropower (least priority). For these purposes,
threeoperating rulecurvesare prepared, say curve' W
for water supply, Curve‘l’ for irrigation, and curve
“H’ for hydropower. In addition to these, one upper
rulecurve, say curve‘U’ isprepared.

The typical procedure for rule curve based
operationisgiveninfollowing steps.

e At any timestep, if the present water level inthe
reservoir exceedsleve ‘U’ then spill ismadefromthe
reservoir andthewater level isbroughttoLevel *U’.

o |f the present reservoir level falsbelow leve ‘U’
but exceedsleve ‘H’, full supply is madefor meseting
al demandsfromthereservoir but no spill ismade.
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generationiscurtailed (say, by 25%) whilefull demands
of irrigation and water supply are made from the
reservoir.

o If thepresent reservoir level falsbelow leve ‘I’
but exceedslevel ‘W', then supply for theirrigationis
curtailed (say, by 25%) while minimum demandsfor
hydropower (if any) and full water supply demandsare
madefromthereservoir.

o |f thepresent reservoir leve fdlsbelow leve *W,
thenrdease(full or partid) ismadeonly for water supply
demands and no release is made for irrigation
or hydropower demands.

| have seenthistypical patterninall our damsand
especially inlrrigation purpose damslike Chimmony
Peechi etc. Herein peechi thereisadifferent penstock
for drinking water purpose aone, thislevel ismuch
below theirrigation and hydro outlets. So our interest
isbasicdly for fixing theupper leve for flood absorption
I.eflood control zone.

Flood Control Zone

spill zone

flood control zone

Reservoir zones for various purpose

Picture (5)
o |f the present reservoir level falsbelow leve ‘H’ o

but exceedslevel ‘I’ , then supply for the hydropower

KSEBEA Hydel 2019 Volume 65



56

Thenormal operation policy istoreleaseasmuch as
possiblewhenthereservoir isinthespill zone, torelease
asmuch asposs blewithout causing flood damagesto
downstreamwhenthereservoir isinflood control zone,
andto bring thereservoir to thetop of the conservation
zoneat theearliest possibletime. Thereleasefromthe
conservation zoneisgoverned by therequirementsof
water for various purposesintended to be met by the

stored water and the day-to-day releases may be
adjusted based on theinflow anticipated and future
requirementsup to theend of operating horizons. When
theamount of water isantici pated to be short compared
todemand, releasesmay becurtalled. Limitsof various
zones may vary with time. So the time is the most
important thing. As | said earlier if this inflow
happened in June then the situation would have
been normal.

Let's see what is the level of Idukki on 1* of august 2018.

Level on 01-08-2018

Reservoir FRL Current  Reservoir | Live Capacity at | Current Live | CURRENT
Name {m) Level (m) FRL (BCM) Storage (BCM) YEAR
Idukki

Reservoir | 732.43 | 730.246 1.46 1.338 91.64
STORAGE AS % OF LIVE CAPACITY AT FRL

LAST YEAR LAST 10 YEARS AVERAGE

23.84 41.3

As on august 1%t 2018 the reservoir had 91.64%
water compared to the last year average of 23.84
and last 10 year average of 41.3%. This data was
taken from WRIS.

Herein 2018 wereceived the heaviest inflow inthe
month of august for thefirgt timeafter thecommissioning
of idukki. That meansour reservoir was supposed to
haveacushion to meet theflood control zone. At least
this could have been decided if we have some of the
analytical toolsso that thetrend of inflow will decide
the operational rulecurve. If welook at theinflow vs
averageinflow during similar years, we can seethat
2018 almost match with 1961 and 1971(picture 4).
Moreover theinflow received during 2018 isalmost
the double of averageinflow for these month(Thisis
been shown in the picture 1 and it is For June -
226MCM, July- 438MCM, August - 376MCM). So
what we could have done is that . to create flood

cushion to meet double of average inflow for

august month i.e 2*376=752 MCM. If thedamwas
lowered by 752MCM or haf thelive storagethenwe

could have easily absorb 725 MCM of 1371 MCM
(total inflow for august) and theimpact inthe periyar

region could have been set to NULL. This would
have made keralites to build 10 more idukki dams
to protect kerala from floods.

But unfortunately we missed thisopportunity. But if
we analyse the situation of 1961 with 2018, | can
surdly say that |dukki HEP and thisreservoir hassaved
Peopleof Kerala. | haveworked in Neriamangalam
which is at panamkutty. The panamkutty is the
confluenceof Muthirapuzhaand Periyar. During 1961
flood, the switch yard structures were damaged at
neriamangdam. Even| heard fomthen SEO, that during
1992 flood the bridge waswater topped and he could
hardly reach office. But in 2018 year , we could run
all the machine safely and that’s just because of
Idukki Reservoir. This is the only power house
which has the best design to meet the flood
discharge of both the rivers. Moreover we had
managed 2018 better than 1961 and 1992. So my
point isthat | dukki reservoir andidukki power house
saved keralaites. |dukki Power housedischarged close
to 10 MCM daily into moovatupuzhariver and thus
diverted someflood water into theinter basin. Thisis
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agood concept and we could have donesimilar things
in Chalakkudy and Ildamaayar. But unfortunately we
haveno gatesto control theflood water intoidamalyar.
All we haveis some pipesat wachumaram and it got
stuck dueto debris. Soletshopethat wewill havethis
inter-basin control to minimise the flood issues at
chaakkudy.

CHALAKUDY THEWORST EFFECTEDAREA
IN FLOOD 2018

Inmy experience chal akkudy was devastated in flood
2018. Thereasonispretty smple, poringa kuthu dam
has no flood cushion. It has only 30 MCM storage
and received dmost 10timesof thiswater in 3daysas
per CWC report. Wehad aproposa for Poringal kuthu
Right bank dam with 500 MCM storage. If thisdam
was there then chalakudy would have been saved.
Moreover Tamil Nadu has al their major damsin
chalakuddy river( Nirar, lower nirar, parambikulam,
thunacadavu, upper sholayar) inour area. All these
damswere constructed after Poringalkuthu Dam and
congructed withthesupport of PAPagreement. During
flood 2018, water from Parambikulam ,thunacadavu
and upper sholayar flood discharged in to our
poringal kuthu and we end up with no option but to
takeall the surge. The dam wasovertopped for more
than 24 hoursbut still not seen any study reportinthis
front. Soflowing andlysisismade after collecting data
fromWRIS.

o Design flood discharge of Sholayar
and Parambikulam is 1820 and 1687
cumecs respectively. Thunacadavu has a
flood discharge of 500, means
poringalkuthu shall have flood discharge
capacity of 4007 cumecs and more to
divert the flood water. But unfortunately
the dam has only 2265 cumecs flood
discharge capacity. The 1742 cumecs
water will definitely has to take some other
path and hence dam overtopped.
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. The wachumaram diversion is
supposed to carry the excess water from
poringalkuthu reservoir in to Idamalayar.
But thisdivers onwasblocked completely due
to accumulation of logsand other debris. So
the chance of diverting theflood water into
Idamalyar has ceased. Thereis no gatesto
control the flood water in this inter-basin

project( the best example is periayar and
moovatupuzha using IHEP).

o All the dams in the upstream of
poringalkuthu(upper and lower Sholayar,
Parambikukam and Thunacadavu) discharged
flood water into thisgravity dam. The dam
withstood a similar issues earlier too. The
coordinationwith TAMIL NADU authorities
isneed of thehour since Right bank project is
not yet envisaged.

o Also PRB Schemewill play amajor role
intheflood management sinceit will bethe
biggest Snglegenerating station recommended
sofarin Chadakudy River. Moreover thisDam
can impound 523MCM water. The CWC
recommended anew dam in the upstream of
poringal kuthu for flood management. Hence
thisold proposal may berevisited rigoroudy
for the people of KERALA.

o The report of CWC says that
Parambikulam hasrel eased morewater into
chaakuddy river(poringal dam) whichismore
thanther inflow!! Theseissuescan bemitigated
only withintegration of data.

Conclude:

The reason for heavy inflow during 2018 or flood
in other terms is due to heavy rains and no dams
in kerala generated floods. Here the discussion

is for constructing more reservoirs like IDUKKI
and use dataanalytics and other reporting techniques

for better operations.
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Role Of Energy Management In Climate Change
And National Development

K.Svadasan

Former Deputy Chief Engineer, KSEBL
Moh:9496410857, email:sivadasan.k@gmail.com

Introduction

Thisisaworld of competition. History teachesthat
whoever command larger energy could stand tall
among the competitorsand lead theworld. Regionsin
theworld were colonized by nationswho commanded
larger energy. Oldest reference about energy isrelated
tothe Sun. The Rig Vedadeclaresthat “ Suryaisthe
Soul, both of the moving and unmoving beings’.
Civilizationswereevolved to higher level sbased on
efficient use of energy. Higher generation and better
management of energy congtitutesthemain criteriato
winover competitors. Thislineof thinking took manto
thepresent day practice of generation and consumption
of eectricity, choosing various sourcesof energy such
asfossl fue, Uranium, Renewablesetc

Energy and civilization

Progressof civilization, inthepresent day definition,
has an intrinsic relationship with GDP. Thereis a
correlation between energy generation and GDP of a
nation. Toraise GDPevery nationtriesevery possible
meansto generate maximum energy. Inthiswild run
for energy, nationsturned tofossl fuelsand Uranium.
Incidentally, fossil fuelsand Uranium arelimited'in
availahility.

Climate change and industrialization

Climate change agreement ParisCOP21 wasthe
result of therealisation of aprecariouslevel of carbon
pollution as per the Keeling Curve shownin Fig 1.
Findingsof Dr.Kedingleadtothestudy of historicCO,
concentration. CO, concentration increased fast from
260 ppm after 1750 (Industrial Revolution). Notethe
gradual rise in carbon pollution from use of steam
engine (1770), 1C engine (1870) and el ectric motor
(1890). It getsfaster with theinvention of electricity
grid. The abnormal rise after 1960 is due to global

competitivemodeof industriaisation. It was 315 ppm
in 1960. It crosses 414.96 ppm on 25.5.2019 and
moving towards 450 ppm when temperature would
riseby 2 degreefromthepre- industria period.

e Our Current Path: 450ppm by ~2034

450ppm CO2 Is cited as driving dangerous 2.0C warming

= Latest CO; reading 414.96 Ppm
May 25, 2019

| lce-core data before 1958, Mauna Loa data after 1958

CO2

380l Safe CO2 Limit

400

CO_ Concentration (ppm)

Riseof earth’ stemperature causes unpredictable
andviolent climatemishaps- riseof oceantemperature,
melting of ice, rise of sealevel, heat waves, extreme
weether eventslikehurricane, heavy rainfal, floodsand
landslides. Scientists predict catastrophe after 1.5
DegreeCrise.

“Thescienceistelling usthat if wego above 1.5UC,
we could experiencean ‘ extinctiontsunami’ resulting
in the collapse of many key ecosystems’ The Paris
summit reached aconsensusto curtail aglobal risein
temperature to 2°C while trying to achieve amore
ambitioustarget of 1.5°C by 2100. The agreement
calsfor carbon neutrality after 2050 and reducing the
useof foss| fuesinfavour of renewables.
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Since 1980, greenhouse gas emissions have
doubled, raising averagegloba temperaturesby at least
0.7 degrees Celsius — with climate change already
impacting naturefrom thelevel of ecosystemsto that
of genetics’. Thereisacampaign ‘ Global Deal for
Nature'3 spearheaded by the NGO, One Earth. Aim
isto get back tothelevel of CO,concentration of pre-
industria period.

India’s mitigation strategies

India saction planemphasi zed* striking abalance
between emission reduction and sustainable
development. Indiavoluntarilypledgedfits”Intended
Nationally Determined Contribution” (INDC) toUN
in 2015 according to which India has to reduce
emissionintensity of GDP by 30-35% by 2030 from
the2005 levd . Mitigation Strategiesareenumeratedin
the pledge. India has an ambitious programme for
renewable generation. It aims to add 175 GW
renewabl e capacity by 2022, and 500 GW by 2030.

Power System Planning

PLF of thermal plantsdeclinesfrom 75%in 2011
to 60% in 2018. It will decline further when more
renewablesare added to thegrid. An acute shortagePof
coa isimminent. Therewill besharpincreaseingrid
tariff withtheuseof imported cod. Imported cod costs
around Rs7100 per ton whilelndian coa costsRs2800
per ton.(2018). Resource nationalismwill play havoc
infuture priceof codl.

KSEBL’s contribution to climate change
mitigation

Keralahasto rai serenewabl e generation to support
India sambitious programme. 70% of consumptionin
Keralacomesfromfossil fuel source. Keralahasto
revise the energy mix to enable supply of power at
reasonable cost. Thisisto keep unit priceof industrial
productscompetitive.

Kerdahasarooftop solar potential of 30000 MW
as estimated’by WISE, a consultant engaged by
KSEBL.Accordingto Dr.Kaam, Keralacan become
energy independent by exploiting rooftop potentia 16
years. Hesaid it in 2014. With avibrant rooftop solar
policy Keralacan raise solar generation fast enough.
Doubt, the proposed K eralaPower Policy 2019 will
accomplish the target. KSEBL has to change its
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busnessmode®inlinewiththechangesinglobd energy
sector. Accommodate the technol ogy disruptionsin
energy sector.

Conclusion

Energy isaprimary input toindustry. Itisunfortunete
thevested interestsarguein favour of depleting fossil
resource. Let usnot get trappedintheditch thatisdug
onthepathtoindudridisation. Thereisnogrester threat
to our security, to our economic growth, tothesurvival
of future generationsthan Climate Change. L et our
policy of industrialisation stick to mitigation of climate
change. Let ustransfer the gift wereceived from our
forefathersto future generations.
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Abstract—Intheeraof energy criss, wearefacing
issues of rising the energy costsand carbon footprint.
So the efficient use of energy isbecoming animpor-
tant aspect intheworld. Theenergy management sys-
tem allowsusto monitor, manage and preservethe
amount of energy consumed and hel psto usetheen-
ergy inamoreefficient way. Thusthecustomer isable
to control the applianceswhen he or sheisaway from
the house. Here an energy management and produc-
tion strategy is presented. The main objective of the
work isto decrease theeectricity bill andtomaintain
agreen environment. Inthissystem each homeisable
to produceitsown energy at free of cost. For thiswe
areintroducing astrategy for producing thedectricity
from wastewater by meansof amicrobial fuel cell.
Theédectricity isstored inastorage system and during
the peak hoursthisenergy isused which enablesusto
reducethe energy cost. The system providesaprovi-
sonfor shiftingthestarting timeof delay tolerant home
appliancesfrom peak hoursto off peak hours. This
reducesthe peak load and cost of electricity. Techno-
logical advancement is the new revolutionthat the
21<t century is facing now. One such revolutionary
technology is thelnternet of Things (1oT).

Internet of Things(loT) is a world-wide network
connectingall the smart objectstogether. It is the
way inwhichall thingsareenabledtotalk with each
other. Theemerging technologiesof Internet of Things
(IoT) areused to monitor and manage the energy con-
sumption. Thecustomer isableto view the power con-
sumption of each deviceandthe overall power con-
sumption. Thisalowsthe customersto understand the
contribution of each devicetowardsthe overall elec-

VISHNUV.S.

Assistant Professor
Sree Buddha College of Engineering
Alappuzha, Kerala, India

tricity bill they receive. Thesystemdlows thefacility
for onlinebill generation and onlinebill payment.

Keywords- Internet of Things, microbia fud cell;
peak load; energy consumption

I.INTRODUCTION

Energy isan essential aspect of today’s modern
life. Astheenergy consumptionisincreasing day by
day, the natural resourcesaredepleting gradually. In
developing nation like India, about 49% of total
energy isutilizedinindustries. The primary objective
of energy managementisto provideserviceswithless
cost and environmental effect. Theriseinhomeenergy
consumptionisdueto increasing populaionandimple-
mentation of smart appliances. Inorder to minimisethe
energy utilisationinhomeitisnecessary togofor an
energy management sysemwhich helpsto control the
eectricity bill andtomaintain the sustainability. Thus
the consumer isableto monitor, control and conserve
theenergy consumption. Toretain asustainable soci-
ety isoneof themost important challengesof the 21t
century. AnloT based energy management systemis
an effective solutiontofacethischalenge. Theproper
use of energy enablesusto reducesthe energy cost,
decreasesglobal emissionsand reduces carbon foot-
print at alargescale.

The existing system hassevera drawbacks such
astheproblems related with datastorage, organisation
and analysis. To overcomethese drawbacks I nternet
of Things(loT) isincluded inthesystem. |oT pro-
videsapervasive measuring platform to monitor, con-
trol and conservetheenergy consumption of each de-
vice. Thisreal timedataenablesthe usersto achieve
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the necessary information about the energy consump-
tion of each applianceinthehomeand alowsthemto
take appropriate decision to minimisethe electricity
price. Theuseof 10T hel psthe consumer to control
the household appliancesremotely. That isthey can
ON/OFF the devicesthrough acomputer or amobile
phone.

Increasein the economic growth leadsto arapid
growthinthe energy demand. Sincethe main source
of energy isthefossil fuels, theresourceisdepleting
day by day thusincreasing thefuel cost and resultsin
anincreaseinenergy cost. Asfossil fuelsisburnt, the
concentration of green house gasesin theatmosphere
increases|eading to animba ancein the environmental
conditions. Sowearetryingtofind andternativesource
of energy. Theproposing work describesamethod
of producing dectricity fromthewastewater by means
of amicrobia fuel cdll. Thisenergy canbeused during
the peak hour inorder to reducethe electricity bill.
Theéectricity cost can befurther reduced by decreas-
ing the peak |oad. Thiscan beachieved by shiftingthe
starting time of delay tolerant appliancesfrom peak
hour to off peak hour.

[1.10T BASED ENERGY MANAGEMENT SYS
TEM

Thelnternet of Things(loT) isasystem of inter-
connected computing devices, that are provided with
distinctiveidentifiers. Thisallowsthe consumersto
connect and control the devicesremotely and auto-
matically without any humanintruson. Theobjectsare
connected with oneanother through a network allow-
ing alarge amount of automation and control without
any humaninteraction.

Thebasic requirementsof thesystem are:

e Thecontroller should collect the dataabout the
energy consumption of each device.

¢ The system should be scalable so that the data
can be collected and analyzed eadily.

¢ The system should be secure to guarantee the
protection of thecommunication of system.

e Thecommunication should beprivateto prevent
illega usersfrominterfering over thedata. Theenergy
management systemisessential becauseit enablesus
o
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¢ Reduce costs— thisisbecomingincreasingly
significant asenergy costsrise. Higher demand for en-
ergy increasesfue cost whichinturnincreasestheen-
ergy costs.

¢ Reduce carbon emissionsand theenvironmenta
damagethat they cause— burning of foss| fuels causes
carbonemission

¢ Reducerisk — by reducing your demand for en-
ergy and by controlling it so asto makeit more pre-
dictable.

[1l.SYSTEM IMPLEMENTATION

The overall system consists of two sections:
energy production and energy management. Theen-
ergy production section generateselectricity fromthe
wastewater by using afuel cell.

The energy management section performs moni-
toring and controlling theenergy consumption and bill-
ingthedectricity utilization.

STORAGE

CONVERTER :> UNIT

MODULE

LOAD

v

Fig1: Energy production system

Theblock diagram for the energy production sys-
temisshowninfig.1. Themainpart of thesystemisa
microbial fuel cell Themicrobial fuel cell has three
parts. anode,cathode and a proton exchange
membrane(PEM). Microbial fuel cell isadevicethat
convertschemical energy directly into electrical en-
ergy. Thisconversion is performed with the help of
microbes present inthewaste water.

RESISTANCE

K

PROTON EXCHANGE MEMBRAME

PROTON

ANAEROBIC CHAMBER

AEROBIC CHAMBER

Fig2: Microbid fud cdll
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Themicroorganisms presentintheanodic cham-
ber are provided with asympathetic substratewhichis
degraded inthe absence of air to discharge elec-
tronswhich are carried from the anodeto the cathode
throughthe externd resistor and the protons produced
aresd ectively passed through theexchangemembrane.
Theoutput of thefuel cell isfedtoadctodc converter
to boost upitsoutput voltage. Theoutput isstored in
astorage system and issupplied to theload only dur-
ing the peak hour. Thisplaysan essential roleinthe
reduction of energy cost.

LOAD PEAK HOUR
SWITCHING DEVISE

.

BIC & CHANNEL

Lo ]

Loan2

BOWER
SURPLY

MICROCONTROLLER RELAY

LoADS

B
I8, s
!,Lu% ENSOR

AMNDROID DEVICE

MONITORING

CONTROLUNG

Fig 3: Energy management system

Theblock diagramfor theenergy management sys-
temisshown in Fig 3. .The controller used hereis
PIC16F877A. Thecurrent sensor isused to sensethe
current through each load and the datais sent to the
PIC controller for cal culating the power consumption.
ACS 712 isthe current sensor used here. It works
based on hall effect and cal cul ates current upto 20A.

Hall effect isthe generation of apotential differ-

ence acrossan € ectrical conductor, when an eectric
current flowsthroughit.

Thefour channel relay isused to ON/OFF thede-
vices. The power consumption detailsand the status

of each load is transmitted by the IoT module
ESP8266. It isasdf controlled system on chipin
which TCP/IP protocol stack isincluded that cangive
any microcontroller accessto theWiFi network. These
dataare stored on acloud server andisdisplayed on
themobile phone. Also an option for paying theelec-
tricity bill isprovided inthe gpp. Thesystemiscapable
of performing load shifting, that isthe delay tolerant
devicesshiftsthe starting timefrom peak hour to off
peak hour. Thishelpsto reducethe peak |oad and the
electricity bill. The peak hour switching devicewhich
iIsarelay that isused for this purpose. The status of
each device can beviewed on themobile phone. The
devicecontrolling and billing function canbeperformed
through amobile phone.

V. RESULT

Inthedevice automation section , thestatusof each
devicewhether it isON/OFF can be known and also
it is possible to change the state of the device. The
user is able to ON/OFF the device when he/sheis
away fromthehome.

Control Loads

Load1 Off

Fig 4 Remote control of devices

These dataare displayed on amobile phone and
more devices can be added in thissetup. This helps
the consumer to turn off the unused devicesremotely.
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H}F 8:44 AM

Fig 5: Bill payment

The power consumed and theamount of electricity
bill isdisplayed on themobile phone.

Fig 6: Hardware
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Theentire hardwareisshowninfig 6. Theloads
arecontrolled vialoT. Thefuel cell producesenergy
and isused during the peak hour.

V CONCLUSION

Inthispaper an energy management system  that
aimsto reducetheelectricity bill isdescribed. The
system providesthefacility for controlling thedevices
remotely and onlinebill payment. Thisalowsustore-
ducethe energy cost by aconsiderable amount. The
ability of thesystem to shift the starting time of the de-
lay tolerant devicesfrom the peak hour to off peak
hour decreasesthe electricity bill further. The use of
fuel cell enables usto conserveenergy Thelnternet
of Things(loT) isthe coretechnology used for this
purpose. It providesacomputing platform to monitor
and control thedevices.
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DEVICE NUMBERS AND THEIR NOMENCLATURE
2 Time Delay Starting or closing relay 62 Time-delay stopping or apening relay
3 Checking or interlocking relay 63 Liquid or Gas pressure, Level or Flow relay
21 Distance relay 64 Ground Protection relay
25 Check synchronizing relay 67 AC Directional over current relay
27 Undervoltage relay 68 Blocking relay
29 Isolating Contactor 74 Alarm relay
30 Annunicator relay 76 D.C. Over current relay
32 Directional power [Reverse power) relay || 78 Fhase angle measuring or our of step relay
37 Under current or Under power relay 79 AC Auto reclose relay

a0 Monitoring loss of DC supply
a1 Frequency relay

40 Field failure [loss of excitation) relay

46 Negative phase sequence relay -
e oh VoIt I - 81U | Under frequency
4; Y a_-?;-le.-seqm'eljlce : 258 -r_;:} Trel 810 | Over frequency relay
achine or Transformer Thermal relay 23 Automatic selective control or transfer relay
50 Instantaneous Overcurrent relay - - - -
- 83 Carrier or pilot wire receive relay
21 AC. Time Over current relay 86 Locking out relay [Tripping relay)
5Za :!IZirr_'ult breaker ﬁkulx:illary Switch a7 Differential relay
Normally open” ('a contact) 87G | Generator differential relay
52b | Circuit breaker Auxiliary Switch 87GT | Overall differential relay
"Normally close” (b’ contact) 87U | UAT differential relay
55 Power Factor relay 87NT | Restricted earth fault relay
56 Field Application relay 95 | Trip circuit supervision relay
5g Over vaoltage relay Ek Overflux relay
&0 Voltage balance relay 1864 | Auto reclose lockout relay
61 Current balance relay 1B6E | Auto reclaose lockout relay
CODE OF PRACTICE - LEAD IDENTIFICATION
(CONTROL WIRING - PROTECTION & METERING CIRCUITS )
A C.T secondaries for special protection; H
. Al, A2, A3 ete. (Distance /Differential / | LT AC supply; H1, HZ, H3 etc
series ) series
REF Protection}
B C.T secondary for Bus bar protection; ] . . . .
series |B1 B2, B3 ete. series Main DC incoming; [1 (+ve] [2 [-ve]) etc.
c C.T Secondary for protection circuits; K |controls, closing tripping
series C1, C2Z,C3 etc. (Back up Protection Over series| K1 K2, K3 etc
Current & Earth Fault) T ‘
D C.T secondaries for metering circuits; L |Alarm indication and annunciation;
series | D1, D2, D3 etc. series| L1, L2, L3 etc
Potential T fo daries; .
E OFETHE Transormer seconcanes P | DC Supply for Bus Bar Protection and
. E1, E2,E3 etc. (For protection and . - A
SETies ! series| LBB protection Circuit.
metering)
- _J
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Abstract—Thearriva of novel organic andinor-
ganic nanomaterials in recent years, particularly
nanostructured carbons, conducting polymers, and
metal oxides, has enabled the fabrication of various
energy devices with enhanced performance. A
coventional method isutilized for the preparation of
reduced graphene oxide/polyaniline (rGO/PANI) com-
posite, where ammonium persulfate (APS) isadded
to the acidic solution of graphene oxide (GO) and
anilinemonomer and further reduced using hydrazine.
Herein-situ polymerization isconducted to polymer-
izetheanilinemonomer. Aninvestigationiscarried out
by varying theamount of GO whilekeeping amount of
aniline constant to obtain the best composition. The
characterizationsreveal thestructural property, purity
of the composite, thevibrationa and rotational char-
acteristicsand further shows proper loading of PANI
onrGO. Asinvestigated earlier rtGO/PANI compos-
itethen to have an energy density of about 13.9 Wh
kg-1 and specific capacitance around 600 Fg-1.
Therefore electrodes made out of rGO/PANI com-
posite can be cons dered asapromising milestonefor
the fabrication of low cost, better performance

supercapacitor.

Keywords—Reduced Graphene Oxide,
Polyaniline. Supercapacitor Energy density.

I. INTRODUCTION

Energy storage playsasignificant roleintoday’s
lifestyle. Thereare different type of electric energy
storage devices that are based on non faradaic or
faradaic charging/discharging at e ectrode/d ectrolyte
interface, which meansion adsorption or redox reac-

tiontakes place at the electrodesto store el ectric en-
ergy[1,2]. Batterieshave high energy density but low
power density, hence supercapacitor act asacomple-
ment to them providing high power density, whereas
their energy density islower than that of batteries.
Hencemany researchersarethereby tryingtoimprove
theenergy density of supercapacitor keeping the power
density high. Overcoming the obstacle of low energy
density isby developing new e ectrode materialsfor
supercapacitors Based on these research
supercapacitorscan beclassfiedinto three categories
accordingto their charge storing mechanism: eectric
double-layer capacitors (EDL Cs), pseudocapacitors,
and hybrid capacitors.

EDLCsaremostly referred to assupercapacitors
or ultracapacitorsasthey electrostatically storethe
chargeby using reversible adsorption of the electro-
lyteionsonto el ectrochemically stable, high-surface-
areacarbonaceous electrodesas shown infigure. 1.
In pseudocapacitors fast redox reactions occurs
during the charge/discharge process at the electrode
surfacemade of pseudocapecitivematerids, hencethey
show battery like behavior inthecharge/discharge
process. Comparedto EDL Csthey have dow charge/
discharge rate but high capacitance. The major
pseudocapacitive materialsaretransition metal ox-
ides and conducting polymer. Hybrid supercacitor
combines the advantages of both EDLCs and
pseudocapacitors providing high enery density and
power density.

EDL Csutilizethecharge storing mechanism of
carbon based electrode material . Graphene, a car-
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bon materia that is one-atom-thick two-dimensional
(2D) densdly packedintoa hexagonal structure, has
risen asanovel classof potentiad materidsattractive
for dectrochemica capacitors(ECs). Useof graphene
asasupercapacitor electrode material has become
thefocusof asignificant amount of scientificresearch
inthefield of energy storage becauseof its unique
combination of features such assuperb el ectrica con-
ductivity, corrosion resistancein agueouse ectrolytes,
highly modifiable nanostructures, long cyclelife, and
largetheoretical specific surfaceareaof over 2600 m
g-1 [3-7]. If theentire specific surfaceareaisfully
utilized grapheneiscapable of achieving acapacitance
of upto 550 F/g. Anenhancement in the capacitance
can be obtained by the use of graphene because of
fast eectrontransfer rateduring faradaic chargetrans-
fer likeother conducting carbon mterids. Thein-plane
C-Cbondisone of the strongest bondsin materials
and the out-of-plane p bond, which contributesto a
delocalized network of electrons, isresponsible for
the electron conduction of grapheneand providesthe
weak interaction among graphenelayersor between
graphene and substrate [8-10].

Current
collector

Electrode

Electrolyte

Separator

Fig. 1. Basic arrangement of an EDLC cell.[21]

Transition metal oxides are an attractiveoptions
aselectrode materia dueto high specific capacitance
and low resistance, which leads to makingit easier to
construct high energy and power supercapacitors. The
commonly used metal oxidesarenickel oxide(NiO),
ruthenium dioxide (RuO2), manganeseoxide (MnO2),
iridium oxide (IrO2). The lower cost of production
and use of amilder electrolyte makethem afeasible

dterndive Trangtion metal spossessmultipleoxidation
statesand it isthisproperty that gainsthem favor for
capacitiveapplication[11,12]. Ruthenium 1V Oxide
wasthefirst materia to exhibit thisproperty andit has
specific capacitance of 720to 1340 F/ginwater. Lim-
ited occurrenceand high costsinhibit further explora:
tion of themateria [11]. Taking the caseof conduct-
Ing polymers reduction-oxidation processisused to
storeand releasecharge. Conducting polymers(CPs),
like Poly(3,4-ethylenedioxythiophene) (PEDOT),
polypyrrole (Ppy) and polyaniline (PANI), have at-
tracted great interestsin energy storage, sensorsand
electrochromic devices sincethediscovery in 1960
[13]. Conducting polymers based devices (CP De-
vice) show high specific capacitance compared with
eectrochemica double-layer supercgpacitors, and have
faster kineticsthan most inorganic batteries, which can
narrow the gap between inorganic batteriesand car-
bon based capacitors, indicating the high potential of
conducting polymersin energy storage[14]. Incon-
ducting polymersreduction-oxidation processisused
to storeand release charge. If oxidation occursalso
known asdoping, ionsare been transferred to the poly-
mer back bone. If reduction occurs aso known as
de-doping, inthat caseionsarereleased back into the
solution Polyaniline (PANI) generatesmost attention
among the conducting polymersbecauseit hasthehigh-
est specific capacitance dueto multi-redox reactions,
good electronic properties dueto protonation, and
low cost for itsinfinite abundance[15]. In addition, it
hasbetter thermal stability, high environment stability,
high conductivity and can be easily synthesized by
chemical or eectrochemica methods, resulting in pow-
der or thinfilm[13]. Polyaniline (PANI) composited
with grapheneisconsidered asasuperior materia for
supercapacitor application duetoitslargetheoretica
pseudocapacitance [16]. However, such composites
mostly suffer from the poor long-term stability dueto
the degradation caused by the swelling and shrinking
of PANI molecules. To avoid thislimitation, combin-
ing PANI with carbon materialshas proved torein-
forcethe stability of PANI aswell as maximizethe
capacitancevalue.

Combinationsof conducting polymersand graphene
compositesare highly considered because, they have
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high conductivity and moreactivedectrochemica Stes
which make them most suitablefor electrochemical
reactionsrequired for electrode composition. Inthis
experiment, nanostructured PANI arecomposited with
different compositionsof reduced grapheneoxideand
used as el ectrode material s of supercapacitors

Il. EXPERIMENTAL
A. Materias

Graphiteflakesand anilinewere purchased from
Sigma Aldrich. They wereusadintheexperiment with-
out further purification. Ammonium persulfate (APS),
sulphuric acid and hydrochl oric acid were supplied by
local chemica suppliers. All reactionswerecarried out
indeionized (DI) water.

B. Characterization andinstrumentation FTIR spec-
troscopy was done using an FTIR instrument
(Shimadzu). Powered XRD anaysiswerecarried out
by using aRigaku miniflex 600 diffractometer usnga
generator voltage of 40 kV and acurrent of 15 mA.
Raman spectroscopy study was carried out by Raman
spectrometer, witec al pha 300.

C. GO/PANI preparation Add 7.71g of APSto
50ml HCI taken ina250ml beaker and sonicateit for
5 minutesand pre-cool thissolution by kegpingitinan
ice bath (solution B). Add 3ml anilineto 50ml HCI
takenina250ml beaker and add variouscomposition
of grapheneoxidetoit (solutionA). Add solution B to
solution A through aburette kept in anice bath (0-40

C) under constant magnetic stirring for 2 hrsand
hence GO/PANI composite (solution C) isformed.

D). Reduced grapheneoxide (rGO)/PANI prepa
ration Kept solution Cinahot water bath of 980 C.
Add 0.4ml hydrazinetothisand stir it for 30 minutes.
Wash and filter this solution and hence reduced
graphene/PANI (rGO/PANI) solutionisformed (so-
lution D). Add 2.57g APSto 50ml HCI in abeaker
(solution E) and keep it for sonicationfor 5 minutes.
Solution E isadded drop by drop with adropper, to
solution D kept in anice bath under continuous mag-
netic girring for 20min. Theformed solutionisfinaly
washed severa timesusing acentrifuge. Kegpthe so-
lution for drying and hencerGO/PANI compositeis
formed.
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E. Supercapacitor ElectrodeArrangement The
rGO/PANI composite formed is placed as a
supercapacitor eectrodedong with current collectors,
aseparator dipped in electrolytein asiegelock ar-
rangement asshownin Fig. 2. The supercapacitor is
expected to deliver acapacitance of 600F/g.

_ SCREW

+CURRENT COLLECTOR
5> SEPARATOR

ELECTRODE *

Fig. 2. Supercapacitor Arrangement.

[1l. RESULTSAND DISCUSSIONS

X-ray diffraction (XRD) measurementsweredone
to analyzethe structure of GO, RGO, PANI and rGO/
PANI composites. The XRD patterns of GO, rGO,
PANI and PANI/rGO aregiveninFig. 3. A highre-
flectionwith peak at 26 =13.1° inthe GO indicates
theinter-layer spacing between GO layers [17].A
higly broad reflection peak was displayed at 26
=24,6°, which can beinterrelated to reductionin the
interlayer spacing of rGO sample. At 26 =25.60 shows
thegreatest intense peak of pure PANI sample, which
has some broad reflection peaks. Somecrystalineor-
der of bulk PANI samplesare specified by thesere-
flections. When rGO ismixed with PANI, the peaks
of diffraction allocated to theinterlayer distance be-
tween the sheetsof rGO dowly shifttoalower angle
region which dependson theincreasing of the PANI
loading.
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Fig.3.XRD patterns of GO, rGO, PANI andrGO/
PANI.

TheFTIR patternsof GO, rGO, PANI and rGO/
PANI aregiveninFig. 4. The GO showsabroad ab-
sorption band at 3440 cm-lindicating the stretching
vibration of hydroxyl groups. The absorption peaksat
1631 cmrland 1384 cmrldepictsthe stretching vibra
tion of aromatic C=C bond and the bending vibration
of O-H groups, respectively [18]. The extraabsorp-
tion peaksat 17337cm-1 and 1118cm ™t are related
to the stretching vibrations of C—O and C=0 groups
respectively [19]. When GO isreduced to rGO, the
peak intensities of oxygen rich functional groupsand
hydroxyl groupsarereduced, whichindicatesthe re-
duction of GOtorGO.
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Fg. 4FTIR paterns of GO, rGO, PANI and PANI/rGO.

The Raman spectraof GO, rGO, PANI and rGO/
PANI aregiveninFig. 5. Raman spectraof GO shows
two distinctive Raman bandsat 1342 and 15817cm-1

caled D and G bandsrespectively [20]. When GOiis
reduced to rGO, the surface defectsincreaseswhich
leadsto the increase in the D band intensity. When
PANI was mixed with rGO, the G band shiftsfrom
1591cmrl of rGO to 1577cm 1 which proves the
chemical bond formation between rGO and PANI
chan.
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Fig. 5. Raman spectroscopy of GO, rGO, PANI
and rGO/PANI

V. CONCLUSION

Supercapacitorshavethe quality that makesthem
suited for anumber of gpplicationsincluding being able
to compliment the strengths of batteries, usedin elec-
tric vehicles hybrid power systems and emergency
power supplies. With carbon materias, ahigh specific
surface area and rational pore distribution were
achieved, even though their capacitancesand energy
dengty aredtill low. Conducting polymersshow high
specific capacitance, but the major challengesfaced
aretheir swelling and shrinking when charging and
discharging, leading to short lifetime. Thispaper pre-
sentsthemateria characterization of rGO/PANI com-
posite used as an electrode material for
pseudocapacitor.
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Thetechniqueused for the proper coating rGO over
PANI isin-situ polymerization. Thismakesthe com-
posite highly conductive and henceit can beused asa
supercapacitor electrode delivering high capacitance
upto 600F/g. Futurework will include analyzing the
supercapacitor performance using el ectrochemical
workstation including cyclic voltammetric test and
galvanostatic charge/dischargetest and morphologica
study usng SEM and TEM.
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Call for papers: Invitation to publish
research articles, reviews,
supplemental articles, case studies
and letters in Hydel journal

http://www.ksebea.in
ISSN 0970-4582

Wewould liketo invite you and/or your colleaguesto submit
research articles, reviews, supplementa articles, casestudiesand
|ettersto be considered by peer-review for publication

Aim and Scope of the Journal

Hyde isatechnical journa edited and published by KeralaState
Electricity Board Engineers Association (KSEBEA) for thelast
63 years, which publishesresearch articles, reviews, supplementd
articlesand lettersin all areasof eectrical engineering. Hydel isa
peer-reviewed journal, aimsto provide the most complete and
reliablesourceof information on current devel opmentsinthefield.
Theemphasiswill beon publishing quality articlesrapidly.

Thescopeof journal coversall aspectsof eectrica engineering
which include (but not limited to) Power systems, Electrical
Machines, Instrumentation and control, Electric Power
Generation, Transmission and Distribution, Power Electronics,
Power Qudlity & Economics, RenewableEnergy, Electric Traction,
Electromagnetic Compatibility and Electrical Engineering
Materids, HighVoltage I nsulation Technol ogies, Protection, Power
System Analysis, SCADA, Signa Processing and Electrical
Measurements.

Submission: Authors are requested to submit
their papers electronically to ksebeaa py@gmail.com inthe
prescribed format for IEEE Transactions and Journals
(April2013) (MSWord).

Audience: Practising Engineers, Researchers, Students,
Faculty Members, and Professionals.

Energy Efficiency

Efficient energy use is the
goal to reduce the amount of
energy required to provide
products and services. For
example, insulating a home
allows abuilding to use less
cooling energy to achieve
and maintain a comfortable
temperature. Installing
fluorescent lights, LED lights
or natural skylights reduces
the amount of energy
required to attain the same
leve of illumination compared
with using traditional
incandescent light bulbs.
Improvements in energy
efficiency are generally
achieved by adopting amore
efficient technology or
production process or by
application of commonly
accepted methods to reduce
energy losses. Energy
efficiency and renewable
energy aresaid to bethetwin
pillars of sustainable energy
policy and are high priorities
in the sustainable energy
hierarchy. In many countries
energy efficiency isalso seen
to have a national security
benefit because it can be
used to reduce the level of
energy importsfrom foreign
countries and may slow
down the rate at which
domestic energy resources
are depleted.
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Amazing Facts

Intheaveragehome, 75% of thedectricity used
to power electronics is consumed while the
products are turned off. The average desktop
computer idles at 80 watts, whilethe average
laptop idlesat 20 watts.

Enough sunlight reechesthe earth’ ssurfaceeach
minuteto satisfy theworld’ senergy demandsfor
anentireyear.

Only 10% of the energy used by atraditional
light bulb generates actua light. The other 90%
of theenergy createsheat.

Google searches account for about 0.013% of
theworlds' energy usage. Thisequalsenough
electricity to power 200,000 homescontinuoudy.
Theenergy it takesto conduct 100 searcheson
Googleistheequivaent of alight bulb burning
for 28 minutes.

T hefirg power plant - owned by ThomasEdison
- openedin New York City in 1882.

Thomas Edison invented morethan 2,000 new
products, including dmost everything needed for
ustousedectricity inour homes: switches, fuses,
socketsand meters.

Benjamin Franklindidn’t discover dectricity, but
hedid provethat lightningisaform of electrical
energy.

A bolt of lightning canmeasureuptothreemillion
(3,000,000) volts, and it lasts less than one
second!

Theword*“eectrocute” isacombination of the
words el ectro and execute, meaning you were
killed by eectricity. Soif youdon't die, youwere
not el ectrocuted, you were shocked.

Benjamin Harrison, the 23rd president of the US,
wasthefirg presdent tohavedectricity intheWhite
House but he never touched any light switches
because hewastoo scared of getting e ectrocuted.

Huge amounts of renewabl e energy can be stored
over along period of timeby using Pumped Storage
Hydropower, wherewater ispumped up ahill with
renewabl e e ectricity then sent back down thehill
to generate on demand clean electricity at up to
80% efficiency.

In 1963, Quebec government bought out all the
private power companies and nationalized
electricity. Today, 96% of Quebec’spower isfrom
hydroel ectricity, and it has some of the cheapest
electricity ratesin North Americawhile earning
billionsinrevenue.

Only 10% of energy inalight bulbisusedto creste
light. Ninety percent of alight bull’ senergy creetes
heat. Compact fluorescent light bulbs (CFLs), on
theother hand, use about 80% less el ectricity than
conventiona bulbsandlast upto 12 timesaslong.

About 5,000 years ago, the energy people
consumed for their surviva averaged about 12,000
kilocaloriesper person each day. INAD 1400, each
pperson was consuming about twiceasmuch energy
(26,000 kilocalories). After the Industrial
Revolution, the demand almost tripled to an
averageof 77,000 kilocaloriesper personin 1875.
By 1975, it had tripled again to 230,000
kilocaloriesper person

Theworld’ sbiggest blackout occurred on August
14, 2004, when amassive power outage occurred
across the northeastern U.S. and throughout
Ontario, Canada, affecting 50 million people.
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In 2007, wind produced 1.3% of theeectricity in
theworld. Theworld'slarges windfarmistheHorse
Hollow Wind Energy Center near Abilene, Texas.
Covering 92 squaremiles, the center hasmorethan
400 turbinesthat are 262 feet tall. They produce
735 megawattsof electricity

Approximately 30% of energy usedinbuildingsis
used inefficiently or unnecessarily.

Inthelast 50 years, atmospheric CO2 hasshot up
to levelsunprecedented in the previous 400,000
years. The man-madeinjection of CO2 into the
atmosphereisprimarily from the burning of fossil
fuds

The most powerful hydroelectric project in the
worldisChina sThree GorgesDam. Theenormous
power plant brings power to millions of Chinese
villagers and will generate more than 22,000
megawattsfrom six generators.

American hospitalsare some of the most energy-
intense buildingson the planet.

Chinahastaken over the U.S. asboth theworld's
largest CO2 emitter and theworld’slargest energy
consume.

Thomas Edison built thefirst power plant, andin
1882 hisPearl Street Power Station sent electricity
to 85 buildings. People were initialy afraid of

-

—to—

eectricity and parentswould not let their children
near thelights.

English polymath ThomasYoung (1773-1829) was
thefirs tousetheword*“ energy” initscurrent sense,
replacing the traditional term vis viva, meaning
“livingforce”

Morethan 1/5 of theworld’ s primary energy isused
for trangport, followed by industry, congtruction, and
agriculture. Muchisintheformof gasoline, of which
nearly 792.5 million gallonsisburned every day.

A “watt” isaunit of power that measurestherate
of producing or using energy. Thetermwasnamed
after Scottish engineer JamesWatt (1736-1819),
who devel oped an improved steam engine. Watt
measured hisengine sperformancein horsepower.
One horsepower equaled 746 watts.

Researchers note that energy is the key “to the
advancement of civilization” and that energy isthe
catayst that allowshuman societiesto evolve.

Theword“energy” comesfromtheGreek energeia,
meaning operation, activity.

Theworld'sail reserveswill last until 2052 and gas
reserveswill last until 2065.

A hurricanereleases50trillionto 200trillion wetts
of heat energy. Thisis as much energy as a 10-
megaton nuclear bomb exploding every 20 minutes.
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