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Abstract

Delivering reliable 24x7 services is the primary objective of every large building for which uninterrupted
power supplyis essential Dieselgenerating(DG)setsare commonlyusedfor power backupfor all critical
infrastructure.Owingto increasingpollution levels,mostcitiesare banningthe useof DGsets.Thispaper
examines the business models for the replacement of a DG sets with liibiutvattery energy storage
systemsdn large buildingeind campuses.
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EXECUTIVE SUMMARY

Cities are concentrations of ecomic, social, and technical assets, which are fundamental to addressing
the climate challenges. With the unplanned growth of urban areas in most developing countries, electric
utilities often struggle to provide reliable and uninterrupted power supply ltateeir customers. This
situation necessitates provision of large size diesel generating (DG) sets for power backup in commercial
buildings, government and private office buildings, industrial areas, IT parks, shopping malls, hotels,
hospitals.educationd campusesndresidentialcomplexesin mostcasesthe DGsetsautomaticallystart
oncegrid poweris unavailableMegawatt (MW) scaleDGsetsare deployedin largebuildingsin India.By
someestimateshere are over70,000MW of largeDGsetsin India.DGsetsemit heat, particulatematters,
carbondioxide,carbonmonoxide nhitrogenoxidesandhydrocarbondesidescausinghe noisepollution.

In 2018, the National Green Tribunal (NGT) banned the usage of DG sets between October and March in
the National CapitalRegion (NCR) in India. Many other Indian cities where the pollution levels are
dangeroushhigharealsolikelyto banthe usageof DGsetssoon.Commerciabuildingshotels,hospitals,

data centres etc., cannot afford to run without power for more than few seconds,hence the
replacemenhasto be highlyefficient, costeffective,pollution-free, andinstantaneousourcesof backup

power. Thereare many alternatives to DG sets such as gas turbines and hydrogen fuel cells but due to
technologicalmaturity, reliability, safety, and efficiency the best optipresently is lithiurrion batteries

(LiB) aslescribedn this paper.

A battery backup system can be charged either from the grid or from solar rooftop photovoltaic (RTPV)
systems. Whe a typical DG set operates during the power outgaes which is few hours in a month, the
battery energy storage system (BESS) connected to the grid can support the grid 24x7 by providing
frequencyandvoltagesupportandcanbe a greatresourcefor renewalle energy(RERndelectricvehicle
(EV)integration with theelectricitydistribution grid.

Inthis study,|ISGHassurveyediew largehotelsin different citiesandanalyzedhe dataregardingthe DG
setusageanddieselconsumption.Thecostbenefitanalysisndicatesthat the costof generationof power
with a DG set is presently INR 29.07 per kWh whereas it is INR 15.17 wit©hiBomparative analysis
the LiBnot onlysavecosts butalso eliminateemission otarbonandother pollutants.

Thepaperalsodescribethree businessmodelsthroughwhich BES8anreplaceDGsets:(i) ownedby the
electric utilities, (i) owned by the building and leasedto the electric utility for grid support; and (iii)
ownedby third parties orindependentPowerProducers (IPP).

According to latest IEA projections, Indian power system is set to grow from the present capacity of 395
GW to 823 GW by 2030 and 1584 GW by 2040. Out of 1584 GW, 869 GW is expected to be renewable
energy (RE) resources. Considering thgdashare of RE in the generation portfolio, IEA estimates +85%
flexibility for the Indian power system by 2040 which will be a huge challenge to manage. Therefore,
buildingflexibility in the power systemassumedgop priority andBES% one of the mostreliableresource

to increasethe flexibility of the grid. Duringperiodsof surplusgeneration electricitycanbe storedin the

batteries and discharge the batteries during pdadurs. Replacement of DG sets distributed across the
countrywith BES®the fastestandcheapestoute to build flexibility for the Indiangrid. Thereductionin
emissiondrom DG setwill help meet theNDCtargetsas well.
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1 INTRODUCTION
1.1 Backup Power Supply Options in Large Buildings and Campuses
1.1.1 Diesel Generator (DG) Sets

Commercial buildings and hotels are large consumers of electricity and fosdibed energy systems

to provide highquality services to their customers. For providing uninterrupted power supply, DG sets
are widely adopted as the power backaplution in most of the commercial buildings and campuses. A
DG set is the combination of a diesel engine with an electric generator to produce electricity. The diesel
consumptionis directly proportionalto the sizeof the DGandthe numberof hours itoperates.

Eachbuildingdecideghe size/capacityandnumberof DGsetsaccordingo the criticalloadsto be served

during power outages and the duration of average power outages in the area. The DG sets are used as a
backupat the time of power outages;andsomebuildingshavenow adoptedsolarPVintegratedwith DG

setsin their premises.

1.1.2 Uninterrupted Power Supply Systems

The traditional uninterrupted power supply (UPS) systems comprise ofdledthatteriesand inverters.

The electricity from the giiiis stored in the batteries and supplied to the equipment/appliances during
interruption of regular power due to load shedding, power failure, power fluctuations, etc. The UPS
provides reliable and stable power to the equipment/systemssensitive to power variations and
interruptions from the batteries. It functions as a voltage stabilizer and also isolates the sensitive
equipment from the grid. UPS are available in the range of 250 Watt to 5 MW. UPS provides emergency
lightingand power to criticalloadssuchaslifts, communicationrequipment,intercoms,computersetc. In

most buildings, more than 50% of the electricity demand is for air conditioning which is not usually
servicedby UPS.

1.1.3 Gas Turbines

A gas turbine connected with turbgenerator can starguickly and supply electricity. Figurd depicts
how a gas turbinegprovidesbackup toa buildings ircaseof poweroutages.

Ny
Electricity X ‘Fuel Tank
Power o s Facili Gas Turbine
Company wner's Facility Power Plant
Power 2 W Supplying @ City Gas
failure I n " Electricity - Tank
- 1 o
B e i =
{ @)
—Li
Long time operation Gas Compressor

is possible.

Figurel: GasTurbineModel
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1.2 Issues with DG Sets
1.2.1 Pollution

DG sets burn diesel and emit carbon dioxide, canmamoxide, nitrogen oxides (NOx), and particulate
matter (PM 2.5 and PM 10)) besides causing np@kition. DG sets release harmful particles into the
atmosphere and substantially reduce air quality in the neighborhood. Every litre of fuel burned in a DG
setcrates0.73kgof pure carbonand2.6kgof carbondioxide.Imaginea DGsetof 500kVAcapacitywhich
requires approximately 100 litres of diesel per hour and if it is run for 5 hours each day for a month, the
amountof carbondioxidereleasedwould ke 39,000kg.

PINVI2.5 level (Figures in microgram per cubic metre)

BN 1 hour before Bl During DG set operation 1 hour after
- —_———— — - Safe limit
122 Microgram per cubic metre
Devinder Vihar = 164 @
156
129
New Colony 278
1 205
= . N 136
Times Residency N 214
(] 146
- The maximum PM 2.S levels - T hese maximum values have
shoot up during DG operation. significance as close range of

such values persist for more

. The maximum values increase Tthan 1S mins at a time

from 3526 to 25026 at different
locations.

PIVITO level (Figures in microgram per cubic metre)
- —- — — — — — Safe limit

247 @ Microgram per cubic metre
Devinder Vihar 500
352
6837
New Colony 1,894
4 1,686
[
Times Residency _BC)2 566
1 352

-
= The maximum PM10 levels
are S to 19 times more than the
safe limits.

brings out the relation of
pollution to the DG set
operation time if dilution time
is negligible.

B The case of Times Residency
Figure2: PollutionLevelsn SomelLocalitiesof DelhiNCR

1.2.2 Licenses and Statutory Compliances

The Central Pollution Control Board (CPCB) has issued certain emission and noise limits for DG set
operations:

1 Themaximumpermissiblesoundpressurdevelfor new DGsetswith arated capacityup to 1000
kVA, manufactured on or after the®1lJanuary 2005 shall be 75 dB(A) at 1 meter from the
enclosuresurface

1 The DG sets should be provided with an integral acoustic enclosure atahafacturing stage
itself

1 Theimplementationof noiselimit for thesedieselgeneratorsetsshallbe regulated
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Emissiorimits for new DGsets(upto 800kW) shouldfollowsthe limits asper Table- 1

Tablel: EmissiorLimitsfor DGSets

Upto 19KW <7/<3] <0 <0 .27

19KWto 75 KW <4]<3] <0 <0 |

75KWto 800KW <4|<3)] 0| <0,
1.2.3 National Green Tribunal Guidelines for DG Sets

Installation of DG Sets

1

1

DG sets must be installed with a staakbne foundation with proper antribration packing/pad,

etc.

The smoke of a DG set should be channelized/evacuated properly to avoid any nuisance in the
neighborhood

DG set should be installed in thesement, rooftop, ground floor, front/back offset of the
premises/buildingappropriatelyto avoid anynuisancen the neighborhood

The developer for new market/malls, high rise building, or a gated green field colony shall
necessarily install a standippwer backup; and installation of the DG set by individuals should

be prohibited. Developer shall install a system to harvest solar or wind energy, as a source of
electricity apartfrom solar geysers

Phasing out old DG sets

Phasingout of old DGsetsshoud be enforcedby concernedSPCB/PC@reaSDM,and policeasper the
followingschedule:

l

AnyDGsethavingenginesot engravedwith the manufacturer'snameanddate of manufacturing
isnot to be allowedto operateon or after 01.06.2015

AnyDGsetwithout certified acousticenclosureasper GSR371(E)dated 17" May 2002should

not to be allowedto operateon orafter 01.06.2015

DG sets must be scrappedand dismantledafter its useful life of 15 yearsfrom the date of

manufacturingor 50,000hoursof operation,whichever earlier

1http://cpcb.nic.in/generatorset/
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2 OPTIONS FOR REPLACEMENT OF DG SETS
2.1 Gas Turbines

Theadvantage®f usinga gasturbine insteadof a DGsetare:

1 It enableghe choiceof dieselandgasasthe fuel. Thisduakfuel capabilityensureseliablepower
supplyandlongterm operationcomparedwith the simpleDGsets

1 Comparativelgleanerexhaustwith gasasfuel

1 Gasturbineshavebetter efficiency- up to 40%whereasDGsetsoperatetypicallyat 30%
thermal efficiency

Despite these advantages, it is not feasible to use a gas turbine as a replacement for a DG set in most
placesdueto the followinglimitations:

1 Fuel handling: Storinggasis difficult and expensivethan storingdiesel

9 Start-up time: DGsetstartsfasterandget online within minutes,whereasa gasturbine needsto
be purged,gas supply establishexhdthen started

1 Reliability/Availability of the machine: Gasturbines have 95-98% availability with multiple
peripheral systems which need monitoring from the safety perspectives. The diesel engines can
haveashighas 99100%availabilityandit doesn'tneed continuousnonitoring

2.2 Fuel Cells

A fuel celiis a device that converts the chemical energy from hydrogen into electricity through chemical
reaction with oxygen or an oxidizing agent. A fuel cell will produce electricity as long as it has fuel
(hydrogen) and air. Fuel cells offer longer continuoustime and greater durability in harsh outdoor
environments under a wide range of temperature conditions. With fewer moving parts, they require less
maintenance than both DG sets and gas turbines. They can also be monitored remotely and have less
maintenane time. Comparedo DGsets,fuel cellsare quieterand have n@missions.

Fewconcerns limitghe viability of replacingDGsetswith fuel cellsin buildings:

1 Hydrogen is colorless, odorless, tasteless, andtoait; but highly inflammable. Therefore,ist
necessaryto utilize gas detection systemswhile handling hydrogen gas which adds to the
operationalcostand complexity

1 Hydrogen must be delivered to a fuel cell site if not produceditm Most buildings like hotels,
hospitals and office complexes cannot produce hydrogen. Transportatitiydvbgenis risky
andcostly

2.3 Battery Energy Storage System (BESS)

Rechargeabléatteries have been traditionally used for backup power supply. However, owing to high
costandlimitationsin the performancecharacteristic®f different typesof batteries,its usagewaslimited

to certain application in few domains. Leadid batteries are in use for over a century for variety of
applications and it is a matured industry globalroughlithium-ion battery was invented in 1980s, its
initial usagewaslimited to electronicgadgetsonly. Commerciahpplicationof lithium batteriesfor electric

ISGF White Paper on DG Replacement with Lithium-lon Batteries in Commercial Buildings Page | 9
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Vehiclesand energystorageapplicationshave takenoff only after 2010;and during the pastten years
theprice of lithiumion batteries have fallen by 90%. Tabl2 below gives a comparisdietweenlead

acidbatteries and lithiuraon batteries.

Table2: ComparisorbetweenLeadAcidBatteriesand Lithiuntion Batteries

Batteries (LiB)

Lead —Acid 9 Leadacid batteries are a | Specific energy: 35-40
Batteries (LAB) low-cost reliable power Wh/kg
workhorse used in heavy |1 Energy density: 80-90
duty applications for over a| Wh/L
century 1 Specific power: 180
{ They are usually large and | W/kg
heavy; and have low cycle |{ Charge/discharge
life percentage: 50-95%
1 Have betterthermal stability | | Cycle durability: <350
and capable of working cycles; certain
continuously betweenr20 industrial designs can
and+60Deg C goupto 1600cycles
I Used for applications such|q Nominal cell voltage:
as vehicle ignition, inverters 2.1V
emergency lights, backup | Recharge rate: 0.15 C
powerfor datacentreetc. t0 0.25C
Lithium-ion 9 Lithiuntion batteries are 91 Specific energy: 100-

rechargeable; lithium ions
from the
negative electrode migrate
to the positive electrode
during discharge and
migratebackto the negative
electrode when the battery
isbeingcharged

1 Lithiumrion batteries
generallypossess
high energy density, little or
no memoryeffect, and
low seltdischargecompared

to other battery types

265Wh/kg

9 Energy density: 250-
693Wh/L

1 Specific power: 250-
340W/kg

9 Charge/discharge
percentage: 80-90%

91 Cycle durability: 2000
to 4000cycles

9 Nominal cell voltage
(NCM) 3.6/3.85V

9 Recharge rate: 0.3C
to10C

As can be seen from the table above, lithion battery (LiB) is the viable option for replacing the DG

sets.DifferentLiBchemistrieshat canbe consideredare presentedn Table3.

2 Grate is used to indicate the speed at which a battery can be charged and discharged. If a battery can be fully

chargedin one-hour, it isa 1Cbattery. If it canbe chargedin 20minutes, it isa 2Cbattery; andif it takes2 hoursto

fully charge, therit is a0.5Cbattery.
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Table3: Typesof Lithium-lon Batteries

Cathode | Lithium Lithium Lithium Lithium Lithium Lithium Silicon
Cobalt Nickel Nickel Manganese Iron Titanate Carbon
Oxide Cobalt Cobalt Spinel Phosphate | Oxide Composite
Aluminum | Manganese
Oxide Oxide
Cell 4.2V 4V 4.2V 4.2V 3.6V 2.8V 4.2V
Voltage
Energy ++ +++ +++ + ++ - +++
Power ++ +++ ++ +++ ++ + ++
Calendar + +++ + - ++ - i}
Life
Cycle + ++ ++ ++ ++ +++ -
Life
Safety + + + ++ +++ +++ +
Cost - + ++ ++ + ++++ ++

Lithiumion Iron PhosphatgLFPpatteriesare bestsuitedfor replacingDGsetsdueto the following
reasons:

1 Lowestin cost—costlymetalssuchas nickebndcobaltare not usedin LFFPbatteries
91 Betterthermalproperties—doesnot needactivecoolingin most partsof India
1 Reasonablgoodcyclelife andcharging-dischargingefficiencies

3 DETAILED ANALYSIS OF DG SET USAGE SCENARIO IN COMMERCIAL
BUILDINGS IN INDIA

3.1 Usage Profile

A report in 2018 by public policy consultar€iiaselndia estimated the installed capacity of DG sets at
2042 MW in NCR citiesGurugram (1623 MW), Faridabad (74 MW), Noida (294 MW), Ghaziabad (51
MW). All of the new sectorsin Gurugram(58to 115)runson DGsetssincethe powerlineshavenot been

built into the societies as of 2018. Less than 15% of the demand for DG sets is for prime power and 85
90%of the DGmarketis forbackuppowerowingto unreliablepower supply fromthe grid.

ISGF conducted a survey amongst few select hotels in diffeittes to understand the DG set usage in
hotelsacrosghe countrywhichis presented in Tabld.
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Table4d: SurveyResulton DGSetUsage

Hotel A 1200 660 901 506.9 July(212) | July(172)

Gurgaon

HotelB Pune 520 550 394 441 August(58) October
(55)

Hotel C 115 200 NA 0.4 NA| March(10

Ahmedabad min)

Hotel D 199 209 29.7 179.2 November| June(24.1)

Nashik (11.5)

Hotel E 660 650 37.85 265.4| October(13.5)| June(24.1)

Coimbatore

Hotel F 336 400 211 136.2 September| May (29.3)

ChennaDMR (70.2)

3.2 Diesel Consumption

Thesurveycapturedthe monthly fuel consumptionpattern duringFY2018and FY2019.

Table5: SurveyResulton DieselConsumption

Hotel A 1200 660 901 506.9 36 2000 20,000
Gurgaon

HotelB Pune 520 550 394 441 6 1300 90,000
HotelC 115 200 NA 0.4| 10 min 500 NA
Ahmedabad

Hotel D Nashik 199 209 29.7 179.2 NA 80 3,333
HotelE 660 650 37.85 265.4 10 2,000 1,56,500
Coimbatore

Hotel F 336 400 211 136.2 10 100 5,000
ChennaODMR
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3.3 Cost of Electricity from DG Sets

Abasiccostmodelwas builtconsideringhe followingassumptions:

= =4 =4 =4 =4

Table6: Energyand CostCalculatiorfor DGset (625kVA*2) ~1 MW

TwoDGsets,eachof 625kVAwith daily usageof 2 hourswasconsidered

Thecostof dieselis consideredat a constantrate of INR95 per litre (presentcostin 2021)
Theprojectionshavebeengivenfor the 15to 10" yearrespectively

Thetotal O&M costfor the two DGsetsweretakenat actualsasprovidedby the property owners
Thecostof power from a 625kVADGsetis INR29.07per kWh aspresentedin Table6.

ISOF
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1 DGcapacityin kVA 625
2 PowerFactor 0.8
3 DGcapacityin kW 500
4 LoadFactor(%) 80
5 DGcapacity@ 80%oad factor (in kW) 400
6 Averagedaily hoursof operation 2
7 Totalunitsgeneratedper day (kWh) 800

Costof DGset 39,00,000.00
1 Totalcostof generallnspectionrA -
2 Totalcostof InspectionrB (10nos) 8,00,000.00
3 Totalcostof InspectiorC(5 nos) 7,50,000.00
4 Totalcostof InspectionD (5 nos) 16,50,000.00
5 TotalMaintenanceCost 32,00,000.00
1 Installationandother OperationalCosts 15,00,000.0
2 TotalCost§A+B+C) 86,00,000.0
1 Dieselrequiredper hour (Litre)* 110
2 Costof Dieselperlitre in INR 95.00
3 Costof electricityper unit 3 26.13
4 Costof Maintenanceper unit* 2.95

Cost per kWh of electricity X29.07

*Dieselconsumptiorfor 625kVAgenset@100%oadis 140litre/hour; at 80%loadit isabout110litre (not proportional)

3 Costof electricityper unit (110X95)/400-26.13

4 Costof Maintenanceper unit (86,00,000/(500X0.8X2X365X18).95

ISGF White Paper on DG Replacement with Lithium-lon Batteries in Commercial Buildings Page | 13



ISOF

India Smart Grid Forum

4 BATTERY ENERGY STORAGE SYSTEM FOR STAND BY POWER IN BUILDINGS
4.1 Battery Energy Storage System (BESS)

BatteryEnergyStorageSystemBES 3% arechargeabldattery systemthat storesenergyfrom the electric

grid or any renewable energy sources and provides that energy back to the building when needed. The
primarycomponentof a BES$ Lithium-ion Battery(LiB) AnLiBtypicallycomprisesf a cathode(positive
electrode) which is a metal oxide, an anode (nhegative electrode) which is porous carbon, and an
electrolyte.

Load Charger
Sleat e
current fic current
flow flow
Anode(-) Lithium iong Cathode(+) Anode(-) &4 Lithium iong Cathode(+)

separator electrolyte separator electrolyte

DISCHARGING CHARGING

Figure3: Lithiumlon Battery Chargingand Discharging

When the circuit isclosed, the ions flow from the anode to the cathode during discharge, generating
electricity.Chargingeverses thalirectionof the ion flow.

TheBES8nit containsfollowingcomponents:

1 Battery modules: Multiple, swappable battery modules prevent an eatenergy storage unit
from goingdownif one battery modulefails. Themodulecanbe swappedwithout anydowntime

1 Sensors: Sensors ensure safe operation and allow remote monitoring to help maintain operating
temperature within limits, watch for battery module failure, and report usage datato the
owner/operator

1 Control components: Controlcomponentsnablesstoragesystemdo performtheir intendedjob
without any user intervention. For example, batteries can be configured to charge automatically
whenenergyis cheapesanddischargeautomatically when tmostexpensive

1 Inverter: An inverter converts the AC electricity from the grid to DC for charging the battery and
alsoconvertsthe DC electricityrom batteriesto ACelectricity while discharging

1 Battery management system (BMS): It isthe softwarethat controlsthe charginganddischarging
operationsbasedon the state of the battery and other conditionsspecified
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4.2 Safety Issues with Lithium-ion Batteries

Lithium-ion batteries (LiB)have inherent fire risksif not managedcorrectly. Previously these systems
wereused by agencies that had-tepth understanding of the battergharacteristicsand potential
dangers.Today, a buyer of a BESS could be a property developer, malls oralespith limited
understanding othe battery chemistry. Followingre the riskinvolvedwith LiBs:

1 Thermal runaway: The battery charging cycle creates heat and excessive heat is a major risk for

LiBs. It can be caused by a battery having internaldedédicts, mechanical failures/damage, or
over voltage. It leads to high temperature and potential explosive rupture of the battery cell,
resultingin fire and/or explosion.

Difficulty of fighting battery fires: Batteryfiresare often veryintenseanddifficultto control. They

can take days or even weeks to extinguish properly, and may seem fully extinguished when they
are not. They can also be very dangerous to fire fighters and other first responders because, in
addition to the immediate fire and electitg risks, it involves toxic fumes and exposure to

hazardousnaterials.Differenttypesof batteriesalsoreactdifferently to fire, sofirefightersmust
be knowledgeableabouthow theyreactandhowto respond Whenthe fire cannotbe contained,
oftenit isleft to burnitself outleading tothe lossof the entire facility.

1 Failure of control systems: Another issue can be a failure of protection and control systems. For

example, a BMS failure can lead to overchargingand inability to monitor the operating
environment,such agemperature or cellvoltage.
1 Sensitivity of LiB to mechanical damage and electrical transients: Contrary to leaeacid battery

technology, LiBs are very sensitive to mechanical damage and electrical surges. This type of

damagecanresult in internal battery short circuitswhichleadto internal battery heating,battery
explosionandfire. Thelossof anindividualcellcanrapidlycascaddo surroundingcellsresulting
in alargerscalefire.

Despitethe above mentioned risks, LiBs are becoming very popular and affordable for a variety of

applicationsThepriceof LiBshavedeclinedby over90%in the lastten yearswhile their performanceand
cyclelife has increasedonsiderablyForcertainapplicationd_iBsare providedactivecooling.

4.3 Battery Sizing Criteria

BESS&apacityfor atypicalapplicationis basedon the criticalloadsto be servedduringpoweroutagesand
the average duration of power outages in the locality. For example a building with 8dviécted load

has classified 1 MW as the critical load and the average power outgaes in the area is 4 houtse then

BES®aybe designed aper the formulabelow:

{Power reguired [MW] * Duration reguired {hﬂ

BatteryEnergyStorageSystemCapacitfMWh] =
[Depth of discharge [%] * Battery Efficiency [%]]

Eg:(lMW=*4h] =4.77 MWh
(90% * 93%)
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Backuppower beingstationely operation,the depth of discharggDoD)of the battery is consideredup to
90% where as in mobility applications like electric vehicles DoD is limited to 80%Baitdyy efficiency
considered at 93%hough latestbatteries gives above 95%.

4.4 Cost of Electricity from BESS

Abasiccostmodelisformed consideringhe followingassumptions:

1 AnLFPoattery of 500kW*2 =1 MW wasconsideredn this scenario

Dailyusageof 2 hourswas considered

Costof electricityfrom the gridfor charginghe battery is considered@® Rs7.25/kWh
Theprojectionshavebeengivenfor the 1%, 2-4 years 5", anda 5-10" yearrespectively
The cost of power from the BESS is INR 15.17/kWh

= =4 =4 =4

Table7: Energyand CostCalculatiorfor BatteryEnergyStorageSystem(for 500kW*2 =1 MW)

1 Exchangeate of USDvsINR 74.66
2 PowerRequired KW) 500
3 DailyOperationgHours) 2
4 Depthof discharge DOD(%) 90
5 Roundtrip efficiency(%) 93
6 Unitsgenerated(kWh) 930
7 TotalBatteryCapacity KWh) 1194.74
| A.Battery and Other ComponentCost |
1 BatteryPack (3 KWh) 164
2 PCS$/ KWh) 18
3 Balanceof System($/ KWh) 25
4 Batterymanagemensystem($/ KWh) 20
5 EngineeringProcurementand Construction EPC§$/KWh) 25
6 Totallnstallationcost($/ KWh) 252
7 TotalCost(Rs/ KWh) 18,814.32
8 Totalcost(Rs) 2,24,78,279.57
| B.Operation & MaintenanceCost |
1 ForlYear --
2 For2-4years 1,32,500.00
3 For5th year 61,22,120.00
4 For5-10year 1,65,625.00
5 TotalMaintenancecost 4,20,245.00
6 TotalCost(A+B) 2,88,98,524.57
| CostCalculations (INR/AWH) |
1 BatteryReplacementost(5th yr) 61,22,120
2 BES®ower(kW) 500
3 Dailybattery cycling(cycles) 1
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4 Dailyenergyuse(KWh) 578.10
5 Costof Electricityfrom Grid (Rs/KWh) 7.25
6 Costof Energystorage(Rs/KWh) 7.92

Cost per kWh X15.17

4.5 Applications for BESS for Grid Support

Otherthan providingpower backupfor the buildings followingare the other applicationsof a BESS:

T

Electric energy time shift: Batteries can be charged with inexpensive electricity when the power
price is low and discharged when electricity price is high. BESS can provide a simifdnftime
duty by storingexcessnergyproductionfrom renewableenergysourceswvhichmight otherwise
be curtailed. The stored energy can be sold at a higher price during peak hours which is often
referredto asprice arbitrage.
Peak shaving: Peak shaving is a form of energy thstaft application which helphie user to
reduce hismaximumdemand from the grid during peak hours by using the stored energy from
the BESS. An energy storage system used for energystiiftecould be located at user building,
or nearthe energygenerationsite or in other partsof the grid. Importantparameterdor the BESS
operating in peak shaving application are the variable operating costs, the +tapnefficiency,
andthe storageperformancedecline over time.
Deferral of grid upgrades: BESSould be usedto defer or reduce the need to build new
generatiorcapacityand consequenttransmissionand distribution grid capacityenhancements.
In this application, the BESS supplies part of the peak capacity when the demand is high, thus
reducingthe demandfrom the grid. TheBESS i®chargedwhenthe demandislower.
System regulation: Power systemregulation or balancing can be done efficiently by a BESS by
adjusting the momentary differences between demand and generation inside a control area or
momentary deviations in interchange flows between control areas, caused by constant
fluctuationsin generationandloads.Conventionapower plantsarelesssuitedfor this application
asrapid changesn poweroutput couldincur significantwearandtear. BES®ith rapid-response
characteristiare suitablefor operationin suchbalancing application.
Voltage support: Grid operators are required to maintain the grid voltage within specified limits.
This usually requires the management of reactive power and active power whicleisetebs
Volt/VARsupport.Voltagesupportis especiallwaluableduringpeakload hourswhendistribution
lines and transformers are generally over loaded. BESS placed at strategic locations could serve
as a source or sink of the reactive power. Tiributed placement of BESS allows for voltage
supportnear large loads withithe grid.
Load following/ramping support for renewables: Load following is one of the ancillary services
requiredto balancethe electricgrid with largeshareof REresourcesBES$8ansupply(discharge)
or absorb (charge) power to compensate for variations in RE generation as well as variations in
loads. In general, the load variations should stay within certain limits for the rate of change, or
ramp rate ingeneration and tis application is a form of ramp rate control. The advantages of
BES®ver conventional powegeneration are:

0 BESSanoperateat partialloadwith minor performanceissues
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o BESS$anrespondquicklyto avaryingloads
o0 BES@resuitablefor both loadfollowingdown (asthe loaddecreasesandloadfollowing
up (as the loadncreases) bgither chargingor discharging
o BES$ansmoothout gridvariabilityof REgeneration
o BES$anmaintaina setpower factor and preventvoltagefluctuationsthat might affect
sensitiveequipment

1 Frequency response: Typically the power system stability is maintained by the physical inertia

provided by conventional power plants with synchronous generators. If the total amount of
physicainertia decreasesn a power systemthe amountof syntheticinertia shouldbe increased

to maintain the minimum amount of total inertia. BESS can add synthetic inertia to the system
andcanthereby compensatéor fluctuations in the gridrequency.

Time of Use (ToU) bill management: When electricity prices are variable depending on the time

of day, storing energy for use during peak hours can reduce power costs. Energy is drawn from
the grid to be stored when demand and prices are low (typically at night) and then consumed
duringpeaktimeswhen pricesare higherwould help reducehe overallpower bills.

Transmission and distribution congestion relief: Transmissionand distribution network
capacitiesare utilizedmaximumduringpeakhoursduringthe peakseasorsummermonths).The
maximum pealtoadis experienced for few houtig ayear; but the cost of grid strengthening to
meet that additional load for few hours in a year is prohibitive. In such scenarios, BESS can defer
systemupgradedy few yearsby givingloadrelief duringcongestionin the network. BES®cated
strategicallycanservicesuchloads that causes theetwork congestion.

5 COMPARATIVE ANALYSIS OF DIESEL GENERATOR V/S BESS

Thefollowingisacomparisorbetweena 1250kVADGsetanda 1 MWh Lithiunmtion Iron PhosphatgLFP)
battery on variousparameters.

Table8: ComparativeAnalysidbetweena 1250kVADGSetand 1 MW LFPBattery

Noise Emission 50-74db Nil

Pollutant 2.6 Kgof CQperlitre of Nil

Emission diesel

Activation Time 10-30seconds Nearlylnstantaneous

following Outage

Cycle Life 12000Hours 24004000cycles

Lifetime 10-15years 15-20years

Cost (INR/kWh) INR29.07 INR15.17

Applications PowerBackup Power Backup
PeakShaving
RE Integration
EVCharging
VoltageRegulation
Optionof SellingPowerBackto Grid
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6 TESTING STANDARDS AND CERTIFICATIONS FOR LITHIUM-ION BATTERIES

Differentbattery chemistriegpresentuniguechallengedgor ensuringsafetyandreliability. Theconformity

with standards ensures safety. Globally, there has already been a lot of work done on this subject which
canbe of immensehelpin thisregard.InternationalElectratechnicalCommissiofIECand Underwriters
LaboratorieUL)havepublishedrelevantstandards apresented below:

Table9: RelevaniStorageStandards

UL9540 EnergyStorageSystemgESS)

IEC62933 ElectricaEnergyStorage(EES¥yystems

UL1989 StandbyBatteries

UL2743 PortablePowerPacks

IEG61427 SecondaryellsandBatteriesfor RenewabléEnergyStorage

IEG62485 SecondarBatteriesand BatteryInstallations

uL1642 LithiumBatteries

IEG62619 LargeFormatLiB SecondanCellsand Batteriesfor IndustrialApplication
IEG62897 StationaryEnergyStorageSystemsvith LithiumBatteries:Safety

requirements

UL991and UL1998 | Testdfor SafetyRelatedControlsEmployingSolidStateDevicesand Standard
for Softwarein ProgrammabléComponents

uL2271 LightElectricVehicleJLEV)
UL2580 ElectricVehicleEV)
UL1973 Batteriesfor usein LightElectricRail(LERand StationaryApplications

ISGF recommends that rapid adoption and application of these standards with necessary deviations
depending orregional specific requirements would be a realistic approach for the industry. This practice
isalso being regularlipollowed by BlSor all the IEC, IEEdd ISOstandards.

7 CASE STUDY: INDIA’S FIRST MW-SCALE HYBRID ENERGY STORAGE PROJECT

To overcome thdnconvenience of frequent power cuts at Om Shanti Retreat Centre in Maneswar,
Haryana, M/s Vision Mechatronics has designed and installed a Zero Blackout Solution. It is a solar based
unique combination of M\Ascale bybattery energy storage system (BES#®)ium-ion and leadacid

hybrid battery system which utilized the existing leaald batteries with the new LFP batteries to have a
longdurationbackupsolutionto ensurethat there isasmoothpowertransitionwhenthe gridfails.It also

helps toachieve the cost of energy at grid parity. This solution has been developed and manufactured in
Indiaby VisionMechatronics.

Theentire systemeffectivelyperformsasthe backup frequencyregulation,grid feed, voltageregulation,
smooth power transitiorand DG set replacement. The system also prevents and predicts the faults in
advanceto ensuresmoothandreliablefunctioning. Thepoweris usedto run heavyduty studios,electric

irons, induction cooktops, computerand washingmachines, communitkitchen appliances, baking
ovens,air-conditioners, submersible water pumps, lights and fans. It provides clean and green energy to
the campus.
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Figured4: MegaWatt ScaleHybridEnergyStoragewith Lithiumlon Battery

Thishybrid BES8asa combinationof 614.4kWh of new LFFbatteriesand480kWhof lead-acidbatteries
(tubular gel type) to achieve economic long duration backup. The batteries are DC coupled; and Victron
and Frorius inverters are deployed. The systémansitionsfrom grid power to BESS and vigersa in a
flicker-free mode.Thehybridenergystoragemodelcanhelpcommerciakntitiesreducetheir initial capex
investmentby 35%to0 40%for alongdurationenergystorage systems.

The campus has over 800 kW of solar PV panels of which 200 kw PV panels are connected to the BESS,;
and the batteries are charged only from the solar energy. The cost of electricity from this BESS is Rs 7
8/kWh which is at par with the posv from the grid in Haryana. This BESS replaced 400 kVA DG sets (320
kVAx 1+ 80 kVA ®)anda 7000litre diesel storage tank.

8 BUSINESS MODELS FOR DG SET REPLACEMENT WITH BATTERIES
8.1 Utility Owned

The utility can own BESS and sell services to commerciatlustrial users. The hotels or the building
ownermaypaythe annualfixed chargeto utility at a notified tariff derivedby the regulatorycommission.
Longterm energyservicesagreementsanbe enteredbetweenthe userandthe utility. TheBES&aybe
operatedby the load dispatcher basedn systemrequirements.

Advantages:

9 Utilities canco-optimizetheir operationswith BES$ meetthe reserverequirementsaswell as
providefrequency response
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1 BESS$anbe utilized for multiple applications suchasbalancingsynchronougeserve,and peak
capacity
9 Utility candeferdistribution network capacityenhancemenby severalyears
1 Competitivebiddingmaydrive down prices

8.2 Building Owned and Leased to Utility for Grid Support

Building owner set up the BESS and lease that system to the utility for a mutually agreed fee. The utility
will have the rights to charge alischarge the storage system as per the grid conditions and the terms to
serve t he I|BaHsE8sSerdhe sep/ice’ agreement between them. Under this modeluthigy

uses the batteries primarily to provide power capacity to the grid and maintawep system reliability

in an area where it has difficulty meeting peak demand. So, BESS are essentially used as an alternative to
infrastructureaugmentation.

8.3 Investor (Third Party) Owned

Inthis modelathird party or independentpower producer(IPPwill ownthe BES&ndhaveathree- party
agreement between the property owner and the utility. The IPP will assure emergency power to the
property owner for which he will receive a monthly fixed fee and energy charges for the energy supplied
to the buildingduringpoweroutagesIPPwill alsobe paidby the utility for usingthe BES$®r grid support.

9 CONCLUSION

According to latest IEA projections, Indian power system is set to grow from the present capacity of 395
GW to 823 GW by 2030 and 1584 GW by 2@id. of 1584 GW, 869 GW is expected to be renewable
energy (RE) resources. Considering the larger share of RE in the generation portfolio, IEA estimates +85%
flexibility for the Indian power system by 2040 which will be a huge challenge to manage. Téerefor
buildingflexibility in the power systemassumedgop priority andBES$® one of the mostreliableresource

to increasethe flexibility of the grid. Duringperiodsof surplusgeneration electricitycanbe storedin the

batteries and discharge theatteries during peakours. Replacement of DG sets distributed across the
countrywith BES®the fastestandcheapestoute to build flexibility for the Indiangrid. Thereductionin
emissiondrom DG setwill help meet theNDCtargetsas well.
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NOTES
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