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Lorem ipsum  dolor sit amet
Lorem ipsum dolor sit amet, consectetuer adipiscing elit,

sed diam nonummy nibh euismod tincidunt

Dear Readers,

,ndia is PaNinJ siJniͤcant strides in the eOectricaO 
sector� 7he countr\ has reportedO\ added the 
hiJhest eYer capacit\ in a sinJOe \ear with a 
coPbined Jeneration oI ������ 0: this ͤscaO 
�up to Januar\ ��� ������ 2I this� ������ 0: 
aOone has been added IroP renewabOe enerJ\ 
sources� incOudinJ soOar and wind� ,ndia̵s totaO 
instaOOed power Jeneration capacit\ now stands 
at ���������� 0: coPprisinJ non�IossiO IueO 
capacit\ oI ���������� 0: as on Januar\ ��� 
�����

5ecentO\� the &entraO *oYernPent issued the 
consuOtation draIt (Oectricit\ �$PendPent� %iOO� 
����� proposinJ coPprehensiYe reIorPs in the 
power sector� 7he draIt biOO seeNs to taNe Peasures 
Ior ͤnanciaO sustainabiOit\� proPote coPpetition� 
strenJthen reJuOator\ accountabiOit\� and 
acceOerate ,ndia̵s transition towards non�IossiO 
IueO�based eOectricit\ Jeneration� in aOiJnPent 
with the Yision oI 9iNsit %harat # �����

%udJet ������� too proYides a strateJic 
push Ior coPprehensiYe econoPic reIorPs� :e 
weOcoPe the adYancePent on Jreen enerJ\ with a 
5s������ crore outOa\ oYer ͤYe \ears proposed to 
scaOe &&86 technoOoJies across ͤYe Ne\ sectors� 
incOudinJ power� $t ,((0$� our PePbers haYe 
been consistentO\ buiOdinJ capacities to proPote 
0aNe in ,ndia� cater to doPestic dePand� and tap 
JOobaO ParNets� 

7he recent PeetinJ between the 0inistr\ 
oI +eaY\ ,ndustries and &anadian deOeJation 
is another PaMor step� ,t wiOO heOp strenJthen 
cooperation in criticaO PineraOs� cOean PobiOit\� 
adYanced PanuIacturinJ� and sustainabOe 
industriaO deYeOopPent� 'eYeOopPent oI a robust 
and secure batter\ PanuIacturinJ ecos\steP 

FROM THE PRESIDENT’S DESK

and access to criticaO PineraOs essentiaO Ior cOean 
enerJ\ technoOoJies is a weOcoPe PoYe�

:ith such an action�pacNed )ebruar\� 
,((0$ hosted the twin shows oI %uiOd(/(& and 
&oPp(/(& in 0uPbai� under its ̴:est .onnect̵ 
initiatiYe� 7hese shows were a coPprehensiYe 
showcase Ior the buiOdinJ and coPponent 
seJPents oI the eOectricaO industr\� :e 
hosted uniTue bu\er�seOOer Peets Ior eOectricaO 
coPponents whiOe presentinJ the Iuture oI 
inteOOiJent� eͦcient buiOdinJ inIrastructure� 7he 
6tartup initiatiYe ̰ (OectraYerse ̰ hosted a 
startup showcase IeaturinJ �� buddinJ Yentures 
with uniTue ideas� <ounJ#,((0$ aOso hosted a 
/eaders 8npOuJJed session IeaturinJ proPinent 
naPes in the business oI eOectricaO PanuIacturinJ� 
7he initiatiYe aOso Oaunched its podcast series at 
the IoruP�

:e haYe Puch e[citinJ tiPes ahead oI us� and 
, inYite aOO oI \ou to taNe actiYe part in ,ndia and 
,((0$̵s Jrowth stor\�

VIKRAM GANDOTRA
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Dear Readers,

February has been a high-voltage month of strategic 
progression for the electrical and electronics 
PanuIacturinJ industr\� :e ͤnd ourseOYes at an 
important juncture where policy, international 
diplomacy, and industry are aligning to create 
unprecedented momentum for our sector. 

The recently announced Union Budget gave a 
clear roadmap for sustained economic momentum, 
focusing on a robust increase in capital expenditure 
to Rs12.2 lakh crore. This investment-led growth is 
anchored b\ a coPPitPent to ͤscaO consoOidation� 
tarJettinJ a deͤcit reduction to ��� percent oI 
GDP. By balancing strategic capital investment 
with ͤscaO stabiOit\� the JoYernPent has created a 
favourable climate for the electrical and electronics 
sector to scale and succeed.

On the international front, we are witnessing a 
transformative period for India’s trade relations. 
The reduction of US tariffs from 25 percent to 18 
percent ParNs a siJniͤcant step toward a OonJ�terP 
economic partnership. The announcement of the 
India-EU Free Trade Agreement is a welcome move 
that facilitates advanced market access, global 
value chain integration, and strategic collaboration 
in energy transition and sustainable manufacturing. 
IEEMA remains committed to guiding our members 
as we deepen these industrial ties.

Our sector’s growth is also being strengthened 
by strategic dialogues regarding clean energy and 
regional cooperation. The recent India-Canada 
meetings focused on clean mobility and the 
development of a secure battery manufacturing 
ecos\steP� speciͤcaOO\ reJardinJ access to criticaO 
minerals. The meeting between Union Minister 
of Power Shri Manohar Lal, Minister of State Shri 
Shripad Naik, and Bhutan’s Minister of Energy Shri 
Lyonpo Gem Tshering reinforces our longstanding 
cooperation in the power sector. At IEEMA, we 

welcome these concrete projects and partnerships 
as essential pillars for a resilient energy future.

At IEEMA, we recently concluded a successful 
edition of BuildELEC and CompELEC. Organised 
under the ‘West Konnect’ initiative, these leading 
platforms featured 150 exhibitors and facilitated 
approximately 1,000 structured B2B meetings with 
over 100 buyers. Highlighting the sector’s emerging 
talent, the event featured the IEEMA Startup Forum, 
where �� ͤnaOists pitched their innoYations to a 
distinguished panel of judges for a chance at cash 
prizes. The event also hosted an engaging session 
under the ‘Young at IEEMA’ initiative, featuring 
Ne\note presentations and an insiJhtIuO ͤreside 
chat.

Looking ahead, we are gearing up for ELROMA, 
(�� and the 6tate 3ower &oncOaYes as we buiOd 
momentum toward the world’s largest electrical 
show – ELECRAMA 2027. I encourage all of you 
to stay tuned and remain active participants in 
our many initiatives as we build a resilient power 
economy together.

CHARU MATHUR

SAMVAAD
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India’s transmission and distribution (T&D) sector is entering a phase of 
sustained structural growth – not only through grid infrastructure expansion, 
but a deeper transformation driven by renewable energy growth, rising 
peak demand, and a clear policy focus on modernising distribution. As the 
renewable penetration rises and demand becomes more dynamic, improving 
grid flexibility and resilience takes centre stage. This calls for faster 
deployment of storage, flexible transmission technologies, and advanced grid 
management systems, as this Cover Story explores…

COVER STORYCOVER STORY

T&D INFRASTRUCTURE:
THE BACKBONE OF THE 
NATIONAL GRID 

India’s power transmission and distribution (T&D) sector is 
underJoinJ a deͤninJ phase� driYen not Must b\ Jrid inIrastructure 
e[pansion but b\ enerJ\ transition JoaOs� risinJ eOectricit\ dePand� 

diJitaOisation� and structuraO reIorPs� 
$ recent 3,% reOease b\ the 0inistr\ oI 3ower �0o3� points to the 

nationaO transPission networN ���� N9 and aboYe� crossinJ � OaNh 
circuit NiOoPetres �cNP� as oI earO\ ����� with totaO transIorPation 
capacit\ e[ceedinJ ����� JiJaYoOt�aPpere �*9$� ̰ reflectinJ rapid 
e[pansion to accoPPodate Ooad Jrowth and renewabOe enerJ\ �5(� 
eYacuation�

7he countr\̵s +9 architecture now spans ��� N9� ��� N9� ��� N9 
and +9'& corridors� supported b\ a dense networN oI substations 
nationwide� )urtherPore� the 1ationaO (Oectricit\ 3Oan �1(3� outOines 
an additionaO ������� cNP oI transPission Oines and about ����� 
*9$ oI transIorPation capacit\ b\ �������� 7hese inYestPents wiOO 
siJniͤcantO\ enhance interstate transIer capabiOit\ and reinIorce 5( 
inteJration throuJh the scaOe up oI uOtra +9'& OinNs and dedicated 
Jreen enerJ\ corridors�

| 12 | 0arch ����
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High-Growth for Transmission
7he transPission 

seJPent is poised Ior hiJh 
Jrowth� with inYestPents 
estiPated at 5s��� OaNh 
crore b\ ���� to inteJrate 
��� *: oI 5(� sa\s Dr Nilesh 
Kane, Chief Transmission 
Business & Mumbai 
Distribution, The Tata Power 
Company Limited. 

+e adds that rapid 
urbanisation� 5( inteJration� 
Jrid Podernisation� and 
coPpetitiYe IraPeworNs such as tariII�based 
coPpetitiYe biddinJ �7%&%� are strenJtheninJ 
priYate sector participation and cost eͦcienc\� 
̸7he 'raIt 1(3 ���� reinIorces this traMector\ 
b\ proPotinJ dedicated Jreen Ieeders� cross�
border interconnections� adYanced transPission 
technoOoJies� and parit\ between renewabOe and 
conYentionaO enerJ\ dispatch b\ ���� ̰ ensurinJ a 
resiOient� Iuture�read\ transPission networN�̹

Performance Improvements for Distribution
7he distribution seJPent is showinJ siJniͤcant 

iPproYePents in ͤnanciaO and operationaO 
perIorPance� ̸0arNet reIorPs and diJitaOisation 
haYe propeOOed proͤtabiOit\� with inIrastructure 
inYestPents� sPart PeterinJ� and networN 
e[pansion proMected to Jrow at ��� percent &$*5 
IroP )<������� and supportinJ a peaN dePand oI 
��� *: b\ �����̹  shares 'r .ane� 

$ recent inteJrated report IroP the 0o3 shows 
that the 5eYaPped 'istribution 6ector 6chePe 

�5'66� has iPproYed aJJreJate technicaO and 
coPPerciaO �$7	&� Oosses IroP ����� percent in 
)<���� to ����� percent in )<����� biOOinJ eͦcienc\ 
IroP ����� percent to ����� percent� and coOOection 
eͦcienc\ IroP ���� percent to �� percent� with  
�� utiOities achieYinJ ��� percent coOOection 
eͦcienc\� 

̸7he 'raIt 1(3 ���� strenJthens this 
PoPentuP� tarJettinJ sinJOe�diJit $7	& Oosses� 
estabOishinJ distribution s\steP operators �'62s� 
Ior optiPised networN sharinJ� pubOic�priYate 
partnership �333� PodeO distribution� paraOOeO 
OicensinJ and proPotinJ distributed enerJ\ 
resources� peer�to�peer tradinJ� and underJround 
cabOinJ in urban areas�̹  sa\s 'r .ane� +e adds 
that ͤnanciaO reIorPs� incOudinJ inde[ed tariII 
adMustPents and reduced cross�subsidies� Iurther 
enhance sustainabiOit\ oI distribution coPpanies 
�discoPs��

Opportunities for Boosting the Value Chain 
Gajanan Kale, Chief Odisha Distribution 

Business, Tata Power Company Limited, and CEO, TP 
Northern Odisha Distribution 
Limited (TPNODL), shares 
that the JoYernPent̵s Iocus 
on operationaO eͦcienc\ 
in distribution� particuOarO\ 
throuJh 5'66 and 
acceOerated sPart PeterinJ� 
is beJinninJ to iPproYe 
networN YisibiOit\ and serYice 
TuaOit\ across states� $t the 
saPe tiPe� decentraOised 
initiatiYes such as 30 6ur\a 

Dr Nilesh Kane

Gajanan Kale
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*har haYe JiYen stronJ PoPentuP to rooItop soOar� 
siJnaOOinJ a structuraO shiIt toward distributed 
Jeneration�

,n transPission� he sa\s� the scaOe oI e[pansion 
is eTuaOO\ siJniͤcant� *rowth in inter�reJionaO 
transIer capacit\� aOiJned with the ̴2ne 1ation� 
2ne *rid̵ Yision� is steadiO\ strenJtheninJ s\steP 
inteJration and enabOinJ renewabOe�rich reJions to 
serYe distant dePand centres� 

̸)or inteJrated utiOities OiNe ours� this creates an 
opportunit\ to strenJthen the entire YaOue chain� 
IroP buON power eYacuation to Oast�PiOe deOiYer\� 
whiOe buiOdinJ a Pore resiOient and Iuture�read\ 
power s\steP�̹  he adds�

Sustaining /ong�7erm Profitability for  
EPC Players

7he transPission and 
substation enJineerinJ� 
procurePent� and 
construction �(3&� seJPent 
in ,ndia is enterinJ one oI 
its Post d\naPic Jrowth 
phases� )or (3& pOa\ers 
such as .aOpataru 3roMects 
,nternationaO /iPited� this 
transOates into stronJ and 
sustained order YisibiOit\�

$t the saPe tiPe� adds 
Rajeev Dalela, President-T&D (India & SAARC), 
Kalpataru Projects International Limited (KPIL), 
proMect e[pectations are eYoOYinJ� ̸8tiOities now 
reTuire Iaster eYacuation oI renewabOe power� 
coPpressinJ e[ecution c\cOes� and shiItinJ the 
sector IroP traditionaO PuOti�\ear proMects to 
TuicN�turnaround assiJnPents� 7his dePands 
rapid PobiOisation� hiJher resource aYaiOabiOit\� and 
siJniͤcantO\ Jreater pOanninJ aJiOit\�̹

7he deYeOoper ecos\steP is aOso transIorPinJ 
due to heiJhtened coPpetition and entr\ oI new 
inIrastructure pOa\ers into the transPission space� 
̸:hiOe this e[pands capacit\ and capabiOit\ across 
the sector� coPpetitiYe biddinJ has increased pricinJ 
pressure across the YaOue chain�̹  'aOeOa notes that 
in such an enYironPent� e[ecution e[ceOOence� cost 
discipOine� and seOectiYe biddinJ becoPe essentiaO 
to sustaininJ OonJ�terP proͤtabiOit\�

Segments Gaining Most Traction 
3ower and distribution transIorPers continue 

to hoOd the OarJest share oI ,ndia̵s 7	' eTuipPent 
ParNet� rePaininJ the bacNbone oI Jrid e[pansion 
to Peet risinJ eOectricit\ dePand� 5( inteJration� 
and repOacePent oI aJeinJ assets� ̸ 7he transIorPer 
ParNet in ,ndia is estiPated at 5s������������� 
crore annuaOO\�̹  shares 'r .ane� 

)or Venkat Muvvala, President & Chief Business 
2̪cer� Jakson Infra� in ,ndia̵s Iast e[pandinJ 
7	' sector� ̸the stronJest traction is IroP e[tra 
hiJh YoOtaJe �(+9� and uOtra�hiJh YoOtaJe �8+9� 
eTuipPent� incOudinJ transIorPers� reactors� hiJh 
capacit\ circuit breaNers �air�insuOated switchJear 
>$,6@ and Jas�insuOated switchJear >*,6@�� current 
transIorPers �&7s�� and capacitor YoOtaJe 
transIorPers �&97s�� as the countr\ rapidO\ scaOes 
its ��� N9� ��� N9� and +9'& networNs�̹  +e adds 
that the (+9 substations ecos\steP is aOso seeinJ 
acceOerated dePand as renewabOe inteJration 
and urban Ooad Jrowth reTuire hiJher capacit\� 
coPpact� and diJitaOO\ enabOed substation desiJns� 
̸'ePand is risinJ Ior criticaO Jrid stabiOisinJ 
technoOoJies such as fle[ibOe $& transPission 
s\stePs �)$&76� and static 
s\nchronous coPpensator 
�67$7&20� s\stePs to 
PanaJe interPittenc\ and 
Paintain Jrid stabiOit\�̹  2n 
the PateriaO side� 0uYYaOa 
notes that transPission 
towers� hiJh perIorPance 
conductors� and +9 cabOes� 
especiaOO\ Ior urban and 
underJround corridors� wiOO 
siJniͤcantO\ driYe the 7	' 
ParNet JoinJ Iorward�

6tronJ Jrowth PoPentuP is aOso ePerJinJ 
in hiJh�eͦcienc\ technoOoJies such as hiJh�
tePperature Oow�saJ �+7/6� conductors� (+9 
underJround cabOes� and +9'& s\stePs� ̸+7/6 
conductors are JrowinJ at ����� percent &$*5� (+9 
underJround cabOes at ����� percent &$*5� and 
indiYiduaO +9'& proMects can inYoOYe inYestPents 
oI 5s������������� crore dependinJ on OenJth 
and YoOtaJe OeYeO�̹  sa\s 'r .ane� 7hese adYanced 
transPission soOutions are criticaO Ior enhancinJ 
capacit\� addressinJ riJht�oI�wa\ constraints� and 
enabOinJ OonJ�distance 5( eYacuation� supportinJ 
,ndia̵s aPbitious tarJet oI ��� *: oI non�IossiO 
enerJ\ capacit\ b\ �����

'iJitaO substations and Podern protection 
s\stePs are aOso becoPinJ PainstreaP as utiOities 
seeN Iaster response and better YisibiOit\ oI networN 
conditions� obserYes .aOe� ,n distribution� he shares 
that sPart Peters� 6&$'$ pOatIorPs� autoPation 
eTuipPent and coPPunication inIrastructure are 
seeinJ rapid adoption under 5'66� ̸(nerJ\ storaJe 
̰ both Jrid�scaOe batteries and puPped h\dro 
̰ is ePerJinJ as a Ne\ enabOer� heOpinJ PanaJe 
renewabOe YariabiOit\ and iPproYe s\steP stabiOit\�̹

(TuaOO\ iPportant is the JrowinJ roOe oI soItware� 
notes .aOe� ̸)orecastinJ tooOs� data anaO\tics and 
$,�driYen asset PanaJePent are startinJ to reshape 

Rajeev Dalela Venkat Muvvala
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Indian Transmission Line Tower and Conductor Industries

IEEMA Study on Demand Landscaping of Electrical Equipment by 2032

Source: IEEMA

how networNs are pOanned� 
operated� and Paintained�̹

:hiOe Saurabh Kaushik, 
Business Unit Head, GR 
Infraprojects Limited, 
aJrees to +9 eTuipPent 
witnessinJ stronJ dePand� 
at the saPe tiPe� he 
shares� ̸:e are IacinJ 
suppO\�side constraints� 
sharp cost escaOation in 
transIorPers� reactors� 
and circuit breaNers� and risinJ raw PateriaO costs 
iPpactinJ insuOators and other coPponents�̹  ,n 
this conte[t� the 0aNe in ,ndia initiatiYe becoPes 
criticaO� ̸:e not onO\ need assePbO\ capacit\ 
but deeper PanuIacturinJ capabiOit\ with JOobaO 
coPpetitiYeness� 6trenJtheninJ doPestic oriJinaO 
eTuipPent PanuIacturer �2(0� ecos\stePs 
wiOO directO\ iPproYe proMect tiPeOines and cost 
stabiOit\�̹  .aushiN adds�

Strengthening Inter-State and Intra-State 
Transmission Investments 

,nter�state transPission proMects currentO\ 
under iPpOePentation in the countr\ are e[pected 
to add appro[iPateO\ ������ cNP oI transPission 
Oines and ��� *9$ oI transIorPation capacit\� as 

per data reOeased b\ 0o3� $dditionaOO\� intra�state 
transPission proMects under iPpOePentation are 
e[pected to add another ������ cNP oI transPission 
Oines and ��� *9$ oI transIorPation capacit\� 
7ransPission capacit\ additions wiOO heOp eYacuate 
the increasinJ non�IossiO power Jeneration� which 
is tarJetted at ��� *: b\ �����

̸3roJressiYe poOicies supportinJ Jreen data 
centres� 5( deYeOopPent� and Jreen h\droJen 
haYe created stronJ structuraO driYers Ior 7	' 
inIrastructure Jrowth� PaNinJ the Podernisation 
and e[pansion oI both inter�state and intra�state 
networNs a strateJic necessit\�̹  sa\s 'r .ane� 

1otabO\� 7ata 3ower is e[pandinJ its transPission 
Iootprint with oYer ����� cNP oI operationaO and 
under�construction Oines� tarJettinJ Pore than 
������ cNP b\ ����� ̸6trateJic participation in 
7%&% proMects ̰  incOudinJ recent coPpOetions under 
the 1ationaO 5uraO 6eOI�6upport 6chePe �1566�� 
6outh (ast 83 3ower 7ransPission &oPpan\ 
/iPited �6(8337&/�� and JhaMMar�.otri 3ower 
7ransPission /iPited �J.37/� ̰ dePonstrates 
our operationaO and e[ecutionaO capabiOities�̹   
'r .ane aYers� /ooNinJ ahead� 7ata 3ower has an 
inYestPent pipeOine oI about 5s������ crore in 
the 0uPbai 0etropoOitan 5eJion �005� oYer the 
ne[t ͤYe \ears and appro[iPateO\ 5s������ crore 
in 7%&% proMects b\ ����� hiJhOiJhtinJ the scaOe oI 
capitaO reTuired to strenJthen both inter�state and 
intra�state networNs�

Saurabh Kaushik
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7echnoOoJicaO innoYation wiOO be centraO to the 
ne[t phase oI ,ndia̵s 7	' deYeOopPent� 7he Iocus 
is shiItinJ IroP conYentionaO e[pansion to sParter 
optiPisation oI e[istinJ inIrastructure� enabOinJ 
Iaster� Pore resiOient� and cost�eIIectiYe Jrid 
deYeOopPent�

̸2ne oI the Post eIIectiYe soOutions is 
reconductorinJ with +7/6 conductors� which 
aOOows utiOities to increase transPission capacit\ 
b\ �����[ on e[istinJ Oines without acTuirinJ new 
Oand or buiOdinJ additionaO corridors� ,n urban areas 
with OiPited space� *,6 substations are preIerred 
Ior their coPpact Iootprint� reOiabiOit\ and 
scaOabiOit\� 7he transition to 6)��Iree switchJear 
Iurther aOiJns Jrid e[pansion with sustainabiOit\ 
obMectiYes b\ reducinJ Jreenhouse Jas ePissions�̹  
notes Dr Nilesh Kane, Chief Transmission Business 
& Mumbai Distribution, The Tata Power Company 
Limited.

:ider depOo\Pent oI +9'& corridors can PoYe 
OarJe YoOuPes oI renewabOe power oYer OonJ 
distances with Oower Oosses� ̸(nerJ\ storaJe� 
coPbininJ batteries with puPped h\dro� wiOO proYide 
the fle[ibiOit\ reTuired Ior a renewabOes�heaY\ Jrid�̹  
sa\s Gajanan Kale, Chief Odisha Distribution 
Business, Tata Power Company Limited, and CEO, 
TP Northern Odisha Distribution Limited. 

)or Rajeev Dalela, President-T&D (India & 
SAARC), Kalpataru Projects International Limited, 
innoYation wiOO be the Ne\ diIIerentiator in the \ears 
ahead� :hiOe coPpOete Pechanisation in tower 
erection and strinJinJ Pa\ stiOO be soPe distance 
awa\� increPentaO adYancePents ̰ such as the 
adoption oI tower cranes� drone�based strinJinJ� 
and iPproYed OiItinJ technoOoJies ̰ are e[pected 

to be the ne[t areas oI Iocus Ior (3& pOa\ers� he 
beOieYes� 1otabO\� .3,/ was the ͤrst (3& coPpan\ 
in ,ndia to depOo\ doubOe�arP Jin poOe �'$*3� 
technoOoJ\� adYancinJ Pechanised transPission 
tower erection with iPproYed productiYit\ and 
saIet\�

,n the substation seJPent� *,6�based desiJns 
are enabOinJ reduced Oand Iootprints and Iaster 
construction tiPeOines� adds 'aOeOa� ̸7he use oI 
Iactor\�buiOt assePbOies and pOuJ�and�pOa\ 
PoduOes is aOso JaininJ wider acceptance� OeadinJ 
to iPproYed standardisation and TuaOit\ controO� 
2Yer tiPe� such innoYations wiOO heOp the sector 
oYercoPe resource constraints� enhance saIet\� 
and achieYe hiJher e[ecution eͦcienc\�̹

(PerJinJ soOutions aOso Iocus on fle[ibOe Jrid 
PanaJePent� +ere� 'r .ane shares that batter\ 
enerJ\ storaJe s\stePs �%(66� heOp PanaJe 
renewabOe YariabiOit\� reduce curtaiOPent� and 
iPproYe peaN Ooad PanaJePent� whiOe eOectric 
YehicOe �(9� inIrastructure and YehicOe�to�Jrid 
�9�*� inteJration aOOow PanaJed charJinJ and 
turninJ (9s into distributed Jrid assets�

2n the distribution side� .aOe adds that sPart 
Peters� adYanced distribution PanaJePent 
s\stePs� and autoPated substations can sharpO\ 
reduce Oosses and iPproYe serYice TuaOit\� $rtiͤciaO 
inteOOiJence �$,��based IorecastinJ and predictiYe 
Paintenance wiOO heOp utiOities PoYe IroP reactiYe 
operations to proactiYe asset PanaJePent� 
̸(TuaOO\ iPportant is inteJrated pOanninJ across 
Jeneration and 7	'� 'iJitaO twins and s\steP�OeYeO 
siPuOations can heOp anticipate conJestion� 
optiPise inYestPents� and iPproYe oYeraOO networN 
eͦcienc\�̹

Developing India’s T&D Infra with 
Technological Innovation & Digitalisation
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̸7echnoOoJ\ Pust now PoYe IroP optionaO to 
IoundationaO�̹  aYers Saurabh Kaushik, Business 
Unit Head, GR Infraprojects Limited. +e shares that 
Ne\ technoOoJ\ Iocus areas Ior the industr\ shouOd 
incOude� 7he inteJration oI superYisor\ controO and 
data acTuisition �6&$'$� � enerJ\ PanaJePent 
s\stePs �(06� at nationaO and reJionaO OeYeOs� $,�
based Ooad and renewabOe IorecastinJ� 'iJitaOisation 
in 5o: PanaJePent� and adYanced Jrid PonitorinJ 
s\stePs� ̸7he ne[t phase oI Jrid e[pansion Pust 
be diJitaO�ͤrst� not onO\ steeO�and�conductor driYen�̹  
he adds�

Transformation with Digitalisation 
'iJitaOisation is centraO to PodernisinJ the Jrid� 

with autoPation technoOoJies transIorPinJ both 
e[ecution and operations� 

7echnoOoJies such as 6&$'$� *,6� $'06� and 
'(506 enabOe reaO�tiPe PonitorinJ� distributed 
enerJ\ resource PanaJePent� predictiYe trippinJ 
anaO\sis� and autoPated controO heOps in iPproYinJ 
Jrid stabiOit\� optiPisinJ dispatch� and reducinJ 
baOancinJ costs� sa\s 'r .ane� ̸,o7�based asset 
PanaJePent usinJ diJitaO twin aOOows continuous 
heaOth PonitorinJ oI transIorPers� Oines and 
substations� enabOinJ predictiYe Paintenance� 
e[tendinJ asset OiIe and reducinJ outaJes and 
breaNdowns�̹

)urtherPore� diJitaOisation is transIorPinJ 
discoPs into data�driYen enerJ\ serYice proYiders� 
̸$, and Pachine OearninJ �0/� enabOe predictiYe 
Paintenance� reaO�tiPe PonitorinJ� adYanced Ooad 
IorecastinJ� thus iPproYinJ reOiabiOit\� reducinJ 
outaJes� and e[tendinJ asset OiIe� 6Part Peters 
and data�driYen discoPs proYide reaO�tiPe 
consuPption PonitorinJ� iPproYe biOOinJ accurac\� 
reduce eOectricit\ theIt� and enhance operationaO 
transparenc\�̹  'r .ane shares�

̸5eaO�tiPe data� anaO\tics� and autoPation are 
transIorPinJ Jrid operations b\ iPproYinJ outaJe 
response� enhancinJ dePand�suppO\ baOancinJ� 

and enabOinJ Jreater participation oI distributed 
resources such as rooItop soOar and (9s�̹  sa\s .aOe� 
)roP a consuPer perspectiYe� he shares that diJitaO 
pOatIorPs are iPproYinJ transparenc\� biOOinJ 
eͦcienc\� and serYice responsiYeness� 7his 
becoPes eYen Pore iPportant as consuPers 
increasinJO\ turn into prosuPers� contributinJ 
enerJ\ bacN to the Jrid� ̸7he Iuture Jrid wiOO be 
inteOOiJent� adaptiYe and custoPer�centric� capabOe 
oI inteJratinJ diYerse enerJ\ sources whiOe 
deOiYerinJ reOiabOe power at scaOe�̹  he beOieYes� 

,ndia̵s diJitaO inIrastructure ̰ now supportinJ 
���� biOOion internet users with �� percent 
penetration ̰ proYides the bacNbone needed Ior 
nationwide roOOout oI diJitaO Jrid s\stePs� obserYes 
Venkat 0uvvala� President 	 &hief Business 2̪cer� 
Jakson Infra� 7o Pa[iPise e[istinJ corridors� he 
adds� ̸wider adoption oI )$&76 and 67$7&20 
s\stePs� series coPpensation� +7/6 conductors 
and d\naPic Oine ratinJ can enhance transIer 
capacit\ without proportionate 5o: e[pansion and 
use oI e[tensiYe PuOti�circuit towers to reduce 5o: 
constraints�̹  +e adds that to Neep pace with 
renewabOe Jrowth� Jrid pOanninJ Pust inteJrate 
8+9'& s\stePs� sPart substations� and enhanced 
protection and autoPation� 

$ Iuture read\ transPission networN wiOO ensure 
,ndia rePains not onO\ the worOd̵s OarJest 
s\nchronous Jrid� but one oI its Post adYanced and 
resiOient Jrids� 

̸&apacit\ buiOdinJ and sNiOOed Panpower wiOO be 
essentiaO to sustain this transIorPation�̹  sa\s 
0uYYaOa� ̸8tiOities Pust deYeOop e[pertise in diJitaO 
operations� +9'& s\stePs� adYanced protection� 
and $, enabOed asset PanaJePent� whiOe ͤ eOd teaPs 
are trained in drone inspections� diJitaO Paintenance 
tooOs� and Podern saIet\ practices� 6trenJthened 
traininJ acadePies� &entres oI ([ceOOence� and 
industr\�acadePia partnerships wiOO ensure a stead\ 
pipeOine oI proIessionaOs capabOe oI operatinJ a 
hiJhO\ diJitaO and renewabOe intensiYe Jrid�̹
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7he scaOe oI additions currentO\ under 
iPpOePentation cOearO\ reflects the PaJnitude oI 
,ndia̵s enerJ\ transition� 7he pOanned e[pansion 
oI inter�state and intra�state networNs� toJether 
addinJ weOO oYer ������ cNP oI transPission 
Oines and siJniͤcant transIorPation capacit\� is 
essentiaO to support risinJ dePand and OarJe�scaOe 
renewabOe inteJration�

̸+oweYer� this shouOd be Yiewed as part oI a 
OonJer inYestPent c\cOe�̹  adds .aOe� ̸2Yer the 
ne[t decade� 7	' inYestPents are e[pected to 
run into seYeraO OaNh crore rupees as ,ndia buiOds 
eYacuation inIrastructure Ior renewabOe�rich 
reJions� strenJthens inter�reJionaO connectiYit\� 
and upJrades intra�state networNs to handOe hiJher 
Ooads and decentraOised Jeneration�̹

:hat is eTuaOO\ iPportant is tiPinJ� ̸5enewabOe 
capacit\ is coPinJ up Puch Iaster than 
transPission assets� so Jrid deYeOopPent Pust be 
pOanned ahead oI Jeneration to aYoid conJestion 
and curtaiOPent� $OonJside interstate corridors� 
Iocused inYestPents in sub�transPission and 
distribution inIrastructure wiOO be criticaO to ensure 
that buON power actuaOO\ reaches consuPers 
reOiabO\�̹  obserYes .aOe� +e adds that 333s� 7%&%� 
and innoYatiYe ͤ nancinJ PechanisPs wiOO thus pOa\ 
a centraO roOe in PobiOisinJ capitaO at scaOe� whiOe 
inteJrated pOanninJ across Jeneration and 7	' wiOO 
be Ne\ to Pa[iPisinJ returns on these inYestPents�

:hiOe the scaOe oI e[pansion is unprecedented 
and necessar\� 5( Jrowth IroP soOar parNs� h\brid 
wind�soOar proMects� and oIIshore wind reTuires 
PatchinJ transPission readiness� ̸(Yacuation 

inIrastructure cannot OaJ Jeneration capacit\�̹  
notes .aushiN� %e\ond capitaO inYestPent� he points 
to three areas that dePand Iocus� �� 6trenJtheninJ 
intra�state networNs Ior Oast�PiOe eYacuation� 
�� 6tandardisation oI Jrid inIrastructure across 
states� �� ([pansion oI doPestic PanuIacturinJ 
capacit\� ̸7ransPission inYestPents Pust be 
strateJicaOO\ Iocused on resiOience� redundanc\� and 
diJitaO readiness and not Must ph\sicaO e[pansion�̹

7o IaciOitate Jreater priYate inYestPent in intra�
state transPission proMects at the state OeYeO� 
0uYYaOa beOieYes it is essentiaO to strenJthen 
oYeraOO proMect banNabiOit\ and OonJ�terP reYenue 
certaint\ IroP an inYestor̵s perspectiYe� +e 
sa\s� ̸6eYeraO states haYe initiated intra�state 
transPission proMects under the 7%&% IraPeworN in 
aOiJnPent with the principOes oI the (Oectricit\ $ct� 
����� and subseTuent 0o3 JuideOines� +oweYer� in 
Post cases� the transPission serYice aJreePent 
�76$� is e[ecuted with state discoPs and other 
OonJ�terP transPission custoPers �/77&s�� rather 
than beinJ directO\ bacNed b\ a reJuOator\ reYenue 
deterPination PechanisP� 7his structure Pa\ 
raise concerns reJardinJ OonJ�terP pa\Pent 
securit\� counterpart\ risN� and enIorceabiOit\ oI 
cost recoYer\ oYer the ����� \ears asset OiIe�̹

8nOiNe the inter�state transPission IraPeworN 
reJuOated b\ the &entraO (Oectricit\ 5eJuOator\ 
&oPPission �&(5&�� where reYenue recoYer\ 
PechanisPs are weOO deͤned and pooOed throuJh 
centraOised pa\Pent securit\ structures� intra�
state proMects depend siJniͤcantO\ on the ͤnanciaO 
heaOth and creditworthiness oI state utiOities� ̸7his 
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directO\ influences inYestor conͤdence� ͤnancinJ 
terPs� and cost oI capitaO�̹  sa\s 0uYYaOa�

)urther� he adds� ̸7iPeO\ approYaOs� dispute 
resoOution� and tariII adoption orders b\ the 
respectiYe state eOectricit\ reJuOator\ coPPissions 
�6(5&s� are criticaO Ior ensurinJ ͤnanciaO cOosure 
and reducinJ reJuOator\ risN� ([pedited reJuOator\ 
processes and stronJer pa\Pent securit\ 
IraPeworNs wiOO PateriaOO\ enhance inYestor 
participation and acceOerate deYeOopPent oI intra�
state transPission inIrastructure�̹

Addressing Developmental & Operational 
Challenges 

'eYeOopinJ transPission inIrastructure in ,ndia 
inYoOYes a wide spectruP oI chaOOenJes� spanninJ 
technicaO� reJuOator\� enYironPentaO� and ParNet�
reOated diPensions�

.aushiN shares that persistent chaOOenJes 
rePain� /and acTuisition and riJht oI wa\ �5o:�� 
enYironPentaO and Iorest cOearances� and YariabiOit\ 
in state�OeYeO poOicies� ̸/acN oI uniIorP 5o: 
JuideOines across states increases uncertaint\ 
and proMect tiPeOines� 6tandardisation and Iaster 
statutor\ approYaOs are essentiaO to preYent tiPe 
and cost oYerruns�̹  he notes�

,n aJreePent� 0uYYaOa suJJests that both the 
&entraO and state JoYernPents Pust deYeOop a 
uniIorP poOic\ appOicabOe Ior the whoOe countr\ and 
obtain 5o: riJhts b\ the respectiYe JoYernPents 
and pass it on to transPission proMect deYeOopers� 
̸so that deYeOopers are not at the Perc\ oI OocaO 
Oandowners and adPinistration�̹

$ccordinJ to .aOe� suppO\ chain pressures� 

incOudinJ YoOatiOit\ in PetaOs and OonJ eTuipPent 
Oead tiPes� are aIIectinJ both costs and tiPeOines� 
$part IroP ph\sicaO inIrastructure chaOOenJes� he 
adds that coordination across PuOtipOe aJencies� 
eYoOYinJ reJuOator\ reTuirePents� and approYaO 
tiPeOines oIten deterPine proMect outcoPes� ̸$s 
a sector� we need Iaster cOearances� standardised 
processes� and wider use oI diJitaO proMect 
PanaJePent tooOs to coPpress deYeOopPent 
c\cOes�̹

2n the operationaO side� the sector currentO\ 
Iaces a dePand�suppO\ iPbaOance in sNiOOed 
Panpower and Yendor capacit\� ̸/abour scarcit\ 
is ePerJinJ as a Ne\ issue across the construction 
sector� 7ower erection and strinJinJ actiYities� 
which stiOO depend heaYiO\ on PanuaO Oabour� oIIer 
OiPited opportunities Ior Pechanisation in the 
short terP� 2Yer the past two \ears� erection rates 
haYe nearO\ tripOed� e[ertinJ notabOe cost pressures 
on contractors and iPpactinJ oYeraOO proMect 
econoPics�̹  sa\s 'aOeOa�

6tronJ technicaO pre TuaOiͤcation reTuirePents� 
ͤnanciaO YiabiOit\ concerns� coPpounded with 
e[ecution risNs and OiPited priYate sector 
inYoOYePent resuOt in eOeYated costs� deOa\ed 
coPPissioninJ tiPeOines� and threaten tiPeO\ 
renewabOe inteJration� notes 0uYYaOa� ̸$ddressinJ 
eTuipPent aYaiOabiOit\� enhancinJ Pechanisation 
and proMect PanaJePent capacit\� easinJ oYerO\ 
strinJent technicaO entr\ barriers Ior capabOe 
and ͤnanciaOO\ stronJ (3& contractors with prior 
e[perience and proMect PanaJePent tracN record 
in power Jeneration and 7	' wiOO resuOt in increased 
participation oI capabOe (3& pOa\ers� 7his wiOO 
conseTuentO\ reduce proMect cost and tiPe�̹  
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The World’s Largest Synchronous Grid: 
Advantage with Responsibility

,ndia̵s achieYePent in operatinJ the worOd̵s 
OarJest s\nchronous nationaO Jrid is a Patter oI 
nationaO pride� +oweYer� to propeO the sector to its 
ne[t phase oI Jrowth and JOobaO coPpetitiYeness� 
certain structuraO issues reTuire urJent attention�

$s renewabOe penetration rises and dePand 
becoPes Pore d\naPic� the Post urJent priorit\ 
is iPproYinJ Jrid fle[ibiOit\ and resiOience� 7his 
caOOs Ior Iaster depOo\Pent oI storaJe� fle[ibOe 
transPission technoOoJies� and adYanced Jrid 
PanaJePent s\stePs to PanaJe interPittenc\ 
whiOe PaintaininJ reOiabiOit\�

,ndustr\ e[perts share Pore on areas that 
reTuire urJent attention to Iurther propeO the 
sector…

Indigenisation/local manufacturing
Dr Kane: $ priPar\ concern is indiJenisation 

and OocaO PanuIacturinJ oI criticaO 7	' eTuipPent� 
incOudinJ transIorPers� switchJear� hiJh�eͦcienc\ 
conductors� (+9 cabOes� and +9'& coPponents� 
'espite initiatiYes such as 0aNe in ,ndia and 
the 3roduction�/inNed ,ncentiYe �3/,� schePe 
Ior eOectronics and adYanced PanuIacturinJ 
announced in %udJet ����� ,ndia rePains dependent 
on iPports Ior Ne\ raw PateriaOs incOudinJ ���� OaNh 
tonne oI reͤned copper and ��� OaNh tonne oI 
copper wire in )<���� and speciaOised eTuipPent 
with OonJ Oead tiPes� 3rice YoOatiOit\ in copper and 
aOuPiniuP continues to siJniͤcantO\ iPpact proMect 
costs� pOanninJ� and e[ecution�

Kale: ,ndia has Pade Jood proJress in 
downstreaP PanuIacturinJ� but Japs rePain 
in hiJh�YoOtaJe eTuipPent� power eOectronics� 
and upstreaP renewabOe coPponents� %ridJinJ 
these Japs wiOO reTuire sustained poOic\ support� 
technoOoJ\ partnerships� and scaOe� $ stronJer 

doPestic PanuIacturinJ ecos\steP is essentiaO 
not onO\ Ior enerJ\ securit\ but aOso to reduce 
e[posure to JOobaO suppO\ chain disruptions�

Muvvala: &apacit\ e[pansion oI OocaO 
PanuIacturinJ ecos\stePs� e[pandinJ research 
and deYeOopPent �5	'� capabiOities� and buiOdinJ 
scaOe in adYanced eTuipPent in (+9 substations 
and +9'& s\stePs� diJitaO protection s\stePs� and 
Jrid autoPation soOutions wiOO be criticaO� 3oOic\ 
stabiOit\ and OonJ�terP YisibiOit\ oI orders can 
Iurther incentiYise capitaO inYestPent in doPestic 
capacit\�

Kaushik: 5estrictions on sourcinJ eTuipPent 
IroP certain countries haYe created procurePent 
chaOOenJes� 7his underOines the iPportance oI 
buiOdinJ robust doPestic PanuIacturinJ� $ weOO�
structured 3/, schePe Ior transPission eTuipPent 
can acceOerate capacit\ creation and reduce 
dependenc\�

Exports
Kale: ([ports oIIer PeaninJIuO potentiaO� 

particuOarO\ as Pan\ ePerJinJ ParNets are 
ePbarNinJ on siPiOar Jrid Podernisation Mourne\s� 
+oweYer� ,ndian PanuIacturers Iace intense JOobaO 
coPpetition and Yar\inJ TuaOit\ benchParNs� 
7o succeed internationaOO\� the Iocus Pust be on 
consistent TuaOit\� JOobaO certiͤcations� and scaOe 
eͦciencies�

Muvvala: ,ndia couOd ePerJe as a coPpetitiYe 
JOobaO suppOier oI transPission eTuipPent and 
(3& e[pertise� particuOarO\ to ePerJinJ ParNets 
in $sia� $Irica� and the 0iddOe (ast� +oweYer� 
iPproYinJ JOobaO certiͤcations� ͤnancinJ support 
PechanisPs� e[port credit access� and suppO\ 
chain eͦciencies wiOO be Ne\ to scaOinJ e[ports� 
%uiOdinJ stronJ JOobaO brands� bacNed b\ TuaOit\ 
and tiPeO\ e[ecution� wiOO deterPine OonJ�terP 
success�
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Kaushik: ,ndia has stronJ potentiaO to becoPe 
a JOobaO suppOier oI transPission eTuipPent� 
:ith scaOe and TuaOit\ coPpOiance� we can serYe 
ePerJinJ ParNets across $sia and $Irica�

Tariff impact
Dr Kane: :hiOe JOobaO trade uncertainties  

and tariII YoOatiOit\ rePain a concern� doPestic 
poOic\ Peasures are increasinJO\ supportiYe to 
the sector� 7he %udJet ���� has introduced dut\ 
e[ePptions Ior capitaO Joods used in 7	' and 
renewabOe proMects� whiOe streaPOininJ custoPs  
and reJuOator\ processes heOp acceOerate 
eTuipPent depOo\Pent� ,ncentiYes under 3/, 
and eOectronics PanuIacturinJ proJraPPes 
strenJthen OocaO production oI sPart Peters and 
Jrid autoPation eTuipPent� which are essentiaO 
Ior PodernisinJ the Jrid and enabOinJ OarJe�scaOe 
renewabOe inteJration�

Kale: 7ariIIs and non�tariII barriers iPposed 
b\ other countries are becoPinJ an iPportant 
consideration� especiaOO\ as cOean enerJ\ eTuipPent 
increasinJO\ intersects with JeopoOitics and carbon 
poOicies� 7his reinIorces the need Ior ,ndia to deepen 
doPestic YaOue chains� diYersiI\ e[port ParNets� and 
iPproYe coPpetitiYeness rather than reO\ on an\ 
sinJOe JeoJraph\�

Muvvala: 3rotectionist trade poOicies and tariIIs 
iPposed b\ iPportinJ countries can aIIect the 
coPpetitiYeness oI ,ndian PanuIacturers� $t the 
saPe tiPe� JOobaO trade uncertainties Pa\ increase 
input costs Ior criticaO raw PateriaOs� 0itiJatinJ 
these risNs reTuires diYersiͤed e[port ParNets� 
strateJic sourcinJ strateJies� and biOateraO trade 
enJaJePents that ensure Iair ParNet access�

Kaushik: 7ariII increases b\ countries OiNe the 
86 haYe pushed up raw PateriaO costs� indirectO\ 
aIIectinJ ,ndian 2(0s� 6trateJic sourcinJ and 
doPestic YaOue addition wiOO be Ne\ to PanaJinJ 
YoOatiOit\�

Other critical considerations 
Kale: 3roMect e[ecution chaOOenJes such as 5o:� 

eTuipPent aYaiOabiOit\� Panpower constraints� and 
c\bersecurit\ aOso need attention� $s Jrids becoPe 
Pore diJitaO� protectinJ criticaO inIrastructure IroP 
c\ber risNs wiOO be Must as iPportant as ph\sicaO 
reOiabiOit\�

Muvvala: %e\ond PanuIacturinJ and trade� 
the sector Pust address Jrid fle[ibiOit\� storaJe 
inteJration� c\bersecurit\ risNs� sNiOOed worNIorce 
deYeOopPent� reOa[ technicaO 34s and ͤnanciaO 
sustainabiOit\ oI utiOities� and resoOYe 5o: issues 
b\ respectiYe JoYernPents� 7he ne[t decade wiOO 
dePand not Must inIrastructure e[pansion� but diJitaO 
inteOOiJence� resiOience� and sustainabiOit\ ePbedded 
into Jrid pOanninJ� 

Dalela: 7he JoYernPent needs to consider 
rationaOisinJ custoPs duties on the iPport oI 
adYanced technoOoJies such as speciaOised cranes 
and drones to acceOerate Pechanisation and 
iPproYe productiYit\ in inIrastructure e[ecution�

Kaushik: :ith risinJ renewabOe penetration� 
interPittenc\ PanaJePent becoPes criticaO� 
5eactiYe coPpensation s\stePs and adYanced Jrid 
PanaJePent tooOs Pust scaOe rapidO\�

$ddressinJ these issues toJether throuJh 
coordinated poOic\� tarJetted ͤscaO incentiYes� tariII 
rationaOisation and trade aJreePents aOonJ with 
technoOoJ\ adoption and capacit\ buiOdinJ wiOO be 
Ne\ to unOocNinJ the ne[t phase oI Jrowth Ior a 
JOobaOO\ coPpetitiYe 7	' ecos\steP�

The Road to 500 GW of Non-Fossil Fuel 
7ransPission inIrastructure is the bacNbone oI 

,ndia̵s enerJ\ transition and increasinJ its capacit\ 
is Ne\ to achieYinJ ��� *: oI non�IossiO IueO capacit\ 
b\ ����� $s renewabOe capacit\ scaOes up� stronJ 
transPission inIrastructure wiOO enabOe seaPOess 
renewabOe eYacuation� Paintain Jrid reOiabiOit\� 
support reJionaO power baOancinJ� and strenJthen 
nationaO enerJ\ securit\� 

7hat said� achieYinJ ,ndia̵s ��� *: non�IossiO 
tarJet wiOO depend as Puch on Jrid readiness as 
on Jeneration capacit\ addition� 7he Ne\ chaOOenJe 
wiOO Oie in e[ecution ̰ eIIectiYeO\ PanaJinJ resource 
constraints� coPPodit\ YoOatiOit\� and coPpetitiYe 
pricinJ� whiOe uphoOdinJ saIet\� TuaOit\� and tiPeO\ 
deOiYer\� beOieYes 'aOeOa� ̸&oPpanies that inYest 
toda\ in innoYation� Yendor capabiOit\� and peopOe 
deYeOopPent are best positioned to Oead the ne[t 
decade oI Jrowth in this d\naPic sector�̹

,n aJreePent� .aOe sa\s that reachinJ ��� *: 
oI non�IossiO capacit\ is not Must about addinJ 
renewabOe Jeneration� it is about buiOdinJ a Jrid that 
can absorb� baOance� and deOiYer this power reOiabO\ 
across the countr\� ̸6tronJ inter�reJionaO OinNs wiOO 
aOOow surpOus Jreen enerJ\ to flow to dePand centres� 
whiOe resiOient intra�state networNs wiOO ensure Oast�
PiOe deOiYer\� 7his wiOO reTuire a sustained e[pansion 
oI transPission Oine OenJth� transIorPation capacit\� 
and inter�reJionaO transIer capabiOit\ oYer the 
rePainder oI the decade� supported b\ diJitaO 
PonitorinJ and storaJe inteJration�̹

,n essence� transPission is not Must a supportinJ 
inIrastructure� it is a strateJic enabOer oI ,ndia̵s 
enerJ\ transition� $ stronJer� sParter Jrid wiOO ensure 
that the countr\̵s renewabOe aPbitions transOate 
into reOiabOe� aIIordabOe� and sustainabOe power Ior 
OonJ�terP Jrowth�

:ith sustained inYestPent� poOic\ continuit\� 
and OarJe�scaOe adoption oI diJitaO and storaJe 
technoOoJies� ,ndia can buiOd one oI the worOd̵s Post 
adYanced and resiOient power s\stePs�
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Further addition to the transmission capacity will help evacuate the 
increasing non-fossil power generation, which is targetted at 500 GW 
by 2030.

India’s Power Transmission 
Network Crosses 5 Lakh CKM

India’s national power transmission network has 
achieYed a siJniͤcant PiOestone� crossinJ oYer  
5 lakh circuit kilometres (ckm) of transmission 

Oines ���� N9 and aboYe� aOonJ with ����� JiJaYoOt�
ampere (GVA) of transformation capacity (220 kV 
and above).

A PIB release by the Ministry of Power states 
that the world’s largest synchronous national grid 
achieYed this Ieat on Januar\ ��� ����� with the 
coPPissioninJ oI ��� cNP transPission Oine oI ��� 
kV from Bhadla II to Sikar II substation for 
evacuation of renewable power (RE) power from 
Rajasthan Renewable Energy Zone. With 
coPPissioninJ oI this transPission Oine� an 
additionaO ����� 0: oI power can be eYacuated 
IroP the 5( ]one oI %hadOa� 5aPJarh and )atehJarh 
Solar Power Complex.

Since $priO ����� the countr\̵s transPission 
networN has Jrown b\ ���� percent with the addition 

of 2.09 lakh ckm of transmission lines (220 kV and 
aboYe�� boostinJ transIorPation capacit\ ���� N9 
and aboYe� b\ ��� *9$� 7he inter�reJionaO power 
transIer capacit\� which now stands at ������� 0:� 
has enabled seamless transfer of electricity across 
reJions� successIuOO\ reaOisinJ the Yision oI ̴2ne 
1ation ̰ 2ne *rid ̰ 2ne )reTuenc\̵�

7he inter�state transPission proMects currentO\ 
under iPpOePentation wiOO add appro[iPateO\ ������ 
cNP oI transPission Oines and ��� *9$ oI 
transIorPation capacit\� ,n addition to these� the 
intra�state transPission proMects under 
iPpOePentation are e[pected to add another ������ 
cNP oI transPission Oines and ��� *9$ oI 
transIorPation capacit\� which wiOO Iurther enhance 
grid reliability and power evacuation capability.

Addition to the transmission capacity will help 
eYacuate the increasinJ non�IossiO power Jeneration� 
which is tarJetted at ��� *: b\ �����
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Strengthening transmission is not only about adding capacity but also 
about modernising the entire high-voltage ecosystem to ensure grid 
stability and operational resilience, writes Keyur Shah, Chairman & 
Managing Director, Yash Highvoltage Limited.

Strengthening Transmission 
Infrastructure for a 
Renewable Future

essential. Without adequate evacuation corridors 
and grid readiness, clean energy risks are being 
curtailed, undermining both project viability and 
national sustainability goals. 

Transmission as the Enabler of Renewable 
Integration 

Unlike conventional power, renewable generation 
is variable, decentralised and increasingly 
bidirectional. This introduces new technical 
chaOOenJes Ior the Jrid� incOudinJ YoOtaJe fluctuations� 

India’s energy transition has moved from ambition 
to execution. Renewable capacity is scaling 
rapidly, with larger solar parks, wind corridors, and 

hybrid projects coming online across geographies. 
As this growth accelerates, the focus must shift from 
generation alone to an infrastructure that enables 
clean power to reach demand centres reliably and 
eͦcientO\� 7hat inIrastructure is transPission� 

Renewable resources are often located far from 
consumption hubs. This geographical mismatch 
makes a robust, high-capacity transmission network 

FOCUS
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dynamic load patterns, and higher switching 
frequencies. Legacy transmission systems were not 
designed for these operating conditions. 

To support higher renewable penetration, India 
requires: 
̽ ([tra hiJh YoOtaJe �+9� transPission corridors 

for bulk power transfer. 
̽ )aster Jrid connectiYit\ Ior renewabOe proMects� 
̽ $dYanced substations capabOe oI handOinJ 

dynamic operating environments. 
̽ (TuipPent desiJned Ior reOiabiOit\ under 

fluctuatinJ Ooads�
Strengthening transmission is therefore not only 

about adding capacity but also about modernising 
the entire +9 ecos\steP to ensure Jrid stabiOit\ and 
operational resilience. 

HV Infrastructure and Grid Reliability
+9 eTuipPent IorPs the bacNbone oI a 

dependable power system. Transformers, instrument 
transformers, switchgear, and insulation systems 
must perform consistently despite thermal stress, 
harmonics, and ramping associated with renewable 
enerJ\ �5(�� 

In renewable heavy networks, the margin for 
IaiOure is siJniͤcantO\ Oower� (TuipPent Pust 
be engineered for long servicing life, minimal 
maintenance, and superior dielectric performance. 
5eOiabiOit\ at the coPponent OeYeO directO\ influences 
system availability and reduces the risk of outages. 

As India expands inter-regional transmission 
and green energy corridors, the demand for 
technoOoJicaOO\ adYanced +9 soOutions wiOO continue 
to grow. Local manufacturing capability, stringent 
testing protocols, and alignment with global 
standards will be critical to meeting this demand. 

The Strategic Importance of Bushings 
:ithin this +9 ecos\steP� bushinJs pOa\ a 

vital yet often understated role. They provide the 
insulated interface that allows current to pass 
safely between transformers, reactors, and the grid 
while maintaining electrical insulation to grounded 
structures. 

With the shift towards higher voltage and 
more dynamic grid conditions, the performance 
expectation for bushings have evolved. They must 
deliver: 
̽ +iJh dieOectric strenJth Ior e[tra hiJh YoOtaJe 

�(+9� appOications� 
̽ 7herPaO stabiOit\ under YariabOe OoadinJ proͤOes�
̽ 3artiaO discharJe Iree and resistance to aJeinJ�

Advanced bushing technologies enhance 
transformer reliability, extend asset life, and reduce 
or eliminate the probability of catastrophic failures. 
In a renewable grid where equipment is subjected 

Keyur Shah, Chairman and 
Managing Director, Yash 
Highvoltage Limited, is a ͤrst�
generation entrepreneur who 
has built a strong reputation in 
India’s power industry. With more 
than 25 years of experience, he 
has combined vision, conviction, 

and strategic foresight to transform the company 
into one of the fastest-emerging leaders in the 
hiJhO\ speciaOised ͤeOd oI transIorPer bushinJs� +is 
TuaOiͤcations incOude a ciYiO enJineerinJ dipOoPa and 
a certiͤcation proJraP in 6trateJ\ ([ecution IroP 
+arYard %usiness 6chooO�
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to frequent load variations, their role becomes even 
more critical. 

Building a Future- Ready Transmission 
Network 

India’s transmission expansion plans are aligned 
with its renewable targets, but infrastructure 
development must be accompanied by deeper 
technological capability. Indigenous manufacturing 
oI +9 coPponents� OiIec\cOe�based asset 
management, and digital condition monitoring will 
be key enablers. 
A future ready grid will be characterised by: 
̽ +iJh capacit\� Oow Ooss transPission s\stePs� 
̽ 6Part substations with reaO�tiPe diaJnostics� 
̽ 6tandardised� hiJh�TuaOit\ coPponents� 
̽ 6tronJ doPestic suppO\ chains Ior criticaO 

equipment. 
Such an approach not only strengthens grid 

resilience but also supports the broader goal of 
energy security.

Powering the Renewable Economy 
Transmission is the silent force that converts 

renewabOe potentiaO into deOiYered enerJ\� (Yer\ unit 
of clean power that reaches industries, cities, and 
households depends on the strength and reliability 
oI the +9 networN behind it� 

%\ inYestinJ in Podern transPission 
infrastructure and high-performance components 
such as bushings, India can ensure that its 
renewable expansion is matched by grid readiness. 
7his wiOO reduce curtaiOPent� iPproYe eͦcienc\� and 
enable round-the-clock availability of green power. 

A sustainable energy future will be built not only 
on megawatts of renewable capacity but on the 
robustness of the systems that carry that power 
across the country. Strengthening transmission 
today is essential to unlocking India’s renewable 
energy grid for tomorrow. 
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The US and India have reached an Interim Agreement framework, 
demonstrating a common commitment to reciprocal and balanced trade 
based on mutual interests and concrete outcomes. 

India-US Interim Agreement:
Enabling Additional Market Access,  
Supporting More Resilient Supply Chains

The United States of America 
(US) and India have made a 
statement of having 

reached a framework for an 
Interim Agreement regarding 
reciprocaO and PutuaOO\ beneͤciaO 
trade (Interim Agreement), 
announced the Ministry of 
Commerce & Industry (MCI) in a 
PIB release.

As reported, the framework 
reaff i rms the countr ies ’ 
commitment to the broader US-
India Bilateral Trade Agreement 
(BTA) negotiations, launched by 
US President Donald J Trump and 
India Prime Minister Narendra 
Modi on February 13, 2025, which 
will include additional market 
access commitments and support 
more resilient supply chains. The 
Interim Agreement between the 
two countries will represent a historic milestone in 
both countries’ partnership, demonstrating a 
common commitment to reciprocal and balanced 
trade based on mutual interests and concrete 
outcomes, said the release.

Some of the key terms of the Interim Agreement, 
as per the US-India joint statement in the MCIs’ PIB 
release, will reportedly include:
̽ The US and India commit to provide each other 

preferential market access in sectors of respective 
interest on a sustained basis.

̽ The US and India will establish rules of origin that 
ensure that the beneͤts oI the $JreePent accrue 
predominately to the US and India. 

̽ Both countries will address non-tariff barriers that 
affect bilateral trade. 

̽ For the purposes of enhancing ease of compliance 
with applicable technical regulations, both 
countries intend to discuss their respective 

standards and conformity assessment procedures 
for mutually agreed sectors. 

̽ In the event of any changes to the agreed upon 
tariffs of either country, the US and India have 
agreed that the other country may modify its 
commitments.

̽ Both countries will work towards further 
expanding market access opportunities through 
the neJotiations oI the %7$� 7he 86 has aͦrPed 
that it intends to take into consideration, during 
the negotiations of the BTA, India’s request that 
the US continue to work to lower tariffs on Indian 
goods.

̽ The US and India have agreed to strengthen 
economic security alignment to enhance supply 
chain resilience and innovation through 
complementary actions to address non-market 
policies of third parties, as well as cooperation 
on inbound and outbound investment reviews 
and export controls.
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̽ India intends to purchase USD 500 billion of US 
energy products, coking coal, among others, over 
ͤYe \ears� ,ndia and the 86 wiOO siJniͤcantO\ 
increase trade in technology products, including 
graphics processing units (GPUs) and other 
goods used in data centres, and expand joint 
technology cooperation.

̽ The US and India commit to address 
discriminatory or burdensome practices and 
other barriers to digital trade and to set a clear 
pathway to achieve robust, ambitious, and 
PutuaOO\ beneͤciaO diJitaO trade ruOes as part oI 
the BTA.
At IEEMA, we welcome the strategic trade 

agreement between India and the US, signalling a 
recalibration of trade relations between the two 
countries.  

Commenting further, says IEEMA President 
Vikram Gandotra, “The immediate reduction of US 
tariffs to 18 percent from 25 percent, and withdrawal 
oI additionaO �� percent penaOt\ reflects a siJniͤcant 
diplomatic achievement and brings back 
opportunities to the Indian electrical equipment 
industry. 

IEEMA congratulates Hon’ble Prime Minister Shri 
Narendra Modi for his leadership towards steering 
these negotiations. We look forward to working 
closely with the government and industry 
stakeholders to translate this momentum into 
stronger, long-term trade partnerships with the US, 
boosting growth and competitiveness for both 
nations.” 

IEEMA Director General Charu Mathur adds, “The 
reduction of US tariffs from 25 percent to 18 percent 
signals a significant step towards a long-term 
economic partnership between India and US. 

We are thankful to the Hon’ble Union Minister of 
Commerce and Industry Shri Piyush Goyal for the 
Iorward�OooNinJ diaOoJue and ͤnaOisinJ the trade 
agreement. We at IEEMA remain committed to 
working with the government and industry to build 
stronger trade partnerships with the US.” 

The PIB release states that the US and India will 
promptly implement this framework and work 
towards ͤnaOisinJ the ,nteriP $JreePent with a 
view to concluding a mutually beneficial BTA 
consistent with the roadmap agreed in the Terms 
of Reference.
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Redefining Transformer 
Asset Management
This paper by Goutam Sinha, Chief Product Officer; Dr. Kallol Mallick, 
Chief Technology Officer and RK Tiwari, Chief Advisor of MindPower 
Analytics along with industry expert BN De Bhowmick, presents a 
Software-as-a-Service (SaaS)-based framework that integrates offline 
diagnostics with real-time operational insights through an AI/ML-driven 
analytics layer. 

INSIGHT

TransIorPer fleet Paintenance is at a turninJ 
point� 7raditionaO Pethods depend on isoOated 
oͧine diaJnostics and ͤeOd e[perience� whiOe 

Podern utiOities are increasinJO\ depOo\inJ reaO�tiPe 
sensors� <et� these data sources ̰ oͧine and onOine 
̰ rePain OarJeO\ disconnected� resuOtinJ in 
inconsistent heaOth assessPents and reactiYe 
Paintenance�

7his paper presents a 6oItware�as�a�6erYice 
�6aa6�̰based IraPeworN that inteJrates 
oͧine diaJnostics with reaO�tiPe operationaO 
insiJhts throuJh an $rtiͤciaO ,nteOOiJence �$,��
0achine /earninJ �0/��driYen anaO\tics Oa\er� 7he 
pOatIorP uniͤes test data� sensor inIorPation� 
and Paintenance histor\ into a predictiYe heaOth 
assessPent PodeO� %\ OeYeraJinJ scaOabOe� PuOti�
tenant cOoud architecture� it enabOes utiOities to 
e[tend transIorPer OiIe� reduce operationaO costs� 
and adapt to a chanJinJ worNIorce Oandscape�

$n additionaO ͤeOd insiJht chaOOenJes industr\ 
conYention� oOder transIorPers� soPe operatinJ 

Ior Pore than �� \ears� oIten dePonstrate better 
heaOth than newer units� 7his obserYation opens 
an iPportant conYersation on eYoOYinJ desiJns� 
standards� and OonJ�terP asset resiOience�

Introduction
3ower transIorPers are OonJ�OiIe� capitaO�intensiYe 

assets criticaO to reOiabOe Jrid operation� 7heir 
IaiOure can triJJer siJniͤcant power interruptions� 
reYenue Ooss� and pubOic scrutin\� +istoricaOO\� 
utiOities haYe reOied on tiPe�based or condition�
based Paintenance Juided b\ test resuOts such as 
oiO paraPeters� Iuran� and insuOation resistance� 
+oweYer� with the rise oI diJitaO substations and 
sensor networNs� new opportunities Ior predictiYe 
Paintenance haYe ePerJed�

7he chaOOenJe is that oͧine diaJnostics 
�historicaO ,7 data� and onOine PonitorinJ �reaO�
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tiPe 27 data� e[ist in siOos� :ithout inteJration� 
orJanisations Oose the abiOit\ to identiI\ earO\ 
deterioration trends or TuantiI\ risN consistentO\�

7his paper outOines a 6aa6 and $,�0/ IraPeworN 
that bridJes this Jap� %\ coPbininJ data IroP 
PuOtipOe sources ̰ Oaborator\ tests� ͤeOd sensors� 
and Paintenance OoJs ̰ into a uniͤed pOatIorP� it 
deOiYers actionabOe insiJhts and enabOes predictiYe� 
data�driYen decisions across transIorPer fleets�

Industry Challenges
8tiOities and industriaO operators Iace seYeraO 

interreOated chaOOenJes in transIorPer fleet 
PanaJePent�
̽ )raJPented data ecos\stePs ̰ 

2ͧine test data� desiJn records� 
and operationaO sensor readinJs 
are stored in separate s\stePs� 
PaNinJ cross�anaO\sis diͦcuOt�

̽ 5eactiYe Paintenance practices ̰ 
0aintenance scheduOes are oIten 
predeterPined or triJJered b\ 
aOarPs rather than risN oI IaiOure�

̽ (YoOYinJ standards ̰ 0odern 
standards such as ,(& ����� 
and ,((( &������ d prioritise 
diaJnostic interpretation but Iocus 
probabO\ on newer transIorPer 
desiJns� soPetiPes underYaOuinJ 
oOder units with proYen reOiabiOit\�

̽ :orNIorce transition ̰ $ 
Jeneration oI transIorPer 
e[perts is retirinJ� and Iewer new 
enJineers are enterinJ the ͤeOd 
with deep OeJac\ NnowOedJe� 
2rJanisations Pust capture and 

Figure 2: Transformer Asset Long Term Trend

Figure 1: Transformer Component Schematic

diJitise institutionaO e[pertise�
3ressure to optiPise cost and reOiabiOit\ ̰ 

6taNehoOders e[pect iPproYed uptiPe and asset 
OonJeYit\ without proportionaO increases in 
Paintenance e[penditure� 

The SaaS Framework for Transformer Fleet 
Management

$ cOoud�natiYe� PuOti�tenant 6aa6 pOatIorP 
proYides the Ioundation Ior inteJratinJ oͧine and 
onOine datasets at scaOe� 7he proposed IraPeworN 
uniͤes the IoOOowinJ Iour coPponents�
̽ 2ͧine diaJnostics repositor\ ̰ &onsoOidates 

transIorPer test data such as oiO paraPeters 

(Courtesy: Siemens)

Transformer Main Parts
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and '*$ data>�@�>�@�>�@� Iuran� and 
bushinJ tests into a centraOised 
NnowOedJe base�  

̽ 2nOine sensor inteJration Oa\er 
̰ 6treaPs reaO�tiPe paraPeters 
�tePperature� Poisture� Iew '*$ 
paraPeters� partiaO discharJe� 
Yibration� etc� Ior continuous 
condition PonitorinJ>�@�

̽ 'ata reOiabiOit\ and weiJhtinJ 
enJine ̰ $ssesses the aJe� 
IreTuenc\� and coPpOeteness oI 
test and sensor data to ensure 
that heaOth indices reflect 
trustworth\ and up�to�date 
inIorPation�

̽ $,�0/ anaO\tics and insiJhts 
enJine ̰ $ppOies statisticaO 
OearninJ and predictiYe PodeOinJ 
to detect earO\ deJradation 
patterns� correOate PuOti�
paraPeter chanJes� and 
recoPPend optiPaO 
Paintenance actions>�@�
7oJether� these coPponents 

enabOe a hoOistic and 
standardised Yiew oI transIorPer 
heaOth� reJardOess oI Yendor or 
data source�

.e\ beneͤts incOude�
̽ Scalability: 0uOti�tenant 

depOo\Pent supports 
transIorPer fleets 
across JeoJraphies and 
orJanisations�

̽ Consistency: 'eOiYers 
uniIorP interpretation oI heaOth scores across 
heteroJeneous transIorPers and data sources�

̽ Timeliness: 1ew industr\�driYen Ieatures� 
anaO\tics updates� and securit\ enhancePents 
are aYaiOabOe iPPediateO\ throuJh the 6aa6 
PodeO�

̽ Collaboration: 5oOe�based dashboards aOOow 
enJineers� pOanners� and e[ecutiYes to Yiew 
insiJhts taiOored to their speciͤc responsibiOities�

̽ Adaptability: 7he saPe architecture can e[tend 
seaPOessO\ to other substation assets �eJ� 
breaNers� transPission OinNs� with PiniPaO 
reconͤJuration or retraininJ needs�

AI/ML Analytics and Predictive Insights
$, and 0/ transIorP data IroP a historicaO 

record into a Iorward�OooNinJ inteOOiJence s\steP� 
:ithin this pOatIorP� aOJorithPs continuousO\ Oearn 
IroP aJJreJated transIorPer behaYior across fleets 
to identiI\ deYiations that Pa\ precede IaiOures�

Figure 3: Real-Time Online Sensor Data Trend

Figure 4: Sample Analytics Engine Output

.e\ anaO\ticaO Iunctions incOude�
̽ Anomaly detection: ,dentiͤes paraPeter shiIts 

such as risinJ Jas concentrations or acceOeratinJ 
Poisture OeYeOs�

̽ Trend extrapolation: )orecasts rePaininJ useIuO 
OiIe �58/� based on PuOti�Iactor reJression oI 
chePicaO and eOectricaO indicators�

̽ Clustering and benchmarking: *roups 
transIorPers with siPiOar operationaO siJnatures� 
enabOinJ peer coPparison and prioritisation�

̽ Automated recommendations: &onYerts 
anaO\tics output into prescriptiYe Juidance �eJ� 
̸scheduOe oiO saPpOinJ within �111! da\s̹ or 
̸inspect cooOinJ circuit̹��
%\ coPbininJ $,�0/ anaO\sis with e[pert�deͤned 

threshoOds� the pOatIorP proYides both interpretabiOit\ 
and accurac\ ̰ supportinJ the decision�PaNinJ 
oI seasoned enJineers whiOe heOpinJ newer staII 
naYiJate coPpOe[ diaJnostics�

)urtherPore� when operators perPit the 
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incOusion oI anon\Pised fleet data� the resuOtinJ 
OarJer pooO oI transIorPer inIorPation enhances 
$,�0/ OearninJ PodeOs Ior the entire industr\� 7his 
coOOaboratiYe approach aOOows the IraPeworN to 
eYoOYe continuousO\� iPproYinJ diaJnostic precision 
whiOe PaintaininJ data securit\ and reJuOator\ 
coPpOiance�

Field Observations and Learnings
'epOo\Pents across diYerse transIorPer 

fleets haYe reYeaOed an intriJuinJ and soPewhat 
controYersiaO trend� oOder transIorPers� incOudinJ 
units aJed ����� \ears� IreTuentO\ dispOa\ better 
heaOth indices than newer ones�

2bserYed transIorPer t\pes incOude�

Rating
����������

������
�����
�����
����

3ossibOe e[pOanations incOude�
̽ 'esiJn robustness� /eJac\ transIorPers were 

oIten oYer�enJineered Ior saIet\ ParJins� PaNinJ 
theP inherentO\ Pore resiOient�

̽ 0ateriaO TuaOit\� +istoricaO insuOation PateriaOs 
and core construction Pa\ aJe Pore predictabO\�

̽ 2perationaO stress� 1ewer units operate cOoser to 
rated OiPits under hiJher Ooad YariabiOit\�

̽ 7estinJ IreTuenc\ bias� 2Oder assets are 
Ponitored Pore diOiJentO\� OeadinJ to richer 
historicaO data�

7hese insiJhts raise Ne\ Tuestions Ior industr\ 
bodies and PanuIacturers�
̽ 6houOd Paintenance priorit\ aOwa\s correOate 

with asset aJe"
̽ +ow can standards eYoOYe to baOance Podern 

eͦcienc\ with OonJ�terP durabiOit\"
̽ &ouOd OeJac\ desiJn principOes inIorP Iuture 

PanuIacturinJ and procurePent practices"
5ather than concOusions� these Tuestions are 

presented as opportunities Ior industr\ diaOoJue 
supported b\ data�

Business and Operational Impact
7he 6aa6�based predictiYe IraPeworN deOiYers 

PeasurabOe business YaOue aOonJside technicaO 
innoYation�
̽ Reduced maintenance cost: 7arJeted 

interYentions repOace unnecessar\ periodic 
serYicinJ� optiPisinJ budJets�

̽ Minimised downtime: (arO\ detection oI 
anoPaOies reduces unpOanned outaJes and 
reYenue Ooss�

̽ Extended asset life: 3redictiYe insiJhts support 
asset reIurbishPent strateJies rather than 
prePature repOacePent�

̽ Scalable deployment: 0uOti�tenant cOoud 

Figure 6: Transformer Age vs. Health Index 
Observations

Figure �� :ork̩ow of AI�0/ Analytics Engine 
for Predictive Maintenance
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architecture siPpOiͤes roOOout across utiOities or 
subsidiaries�

̽ Knowledge continuity: (Pbedded anaO\tics and 
data histories capture the e[pertise oI retirinJ 
enJineers whiOe supportinJ new personneO with 
Juided diaJnostics�

̽ Sustainability alignment: /onJer asset OiIespans 
and optiPised oiO usaJe contribute to Oower 
enYironPentaO iPpact�

Conclusion
7he conYerJence oI oͧine diaJnostics and 

reaO�tiPe sensor inteOOiJence within a 6aa6 and $,�
0/ enYironPent ParNs a new phase in transIorPer 
asset PanaJePent� %\ inteJratinJ historicaO and 
OiYe data� utiOities can transition IroP reactiYe to 
predictiYe operations ̰ achieYinJ hiJher reOiabiOit\� 
e[tended asset OiIe� and PeasurabOe cost saYinJs�

%e\ond technoOoJ\� this IraPeworN aOso 
addresses huPan and orJanisationaO diPensions� 
$s the e[pert worNIorce eYoOYes� diJitaO pOatIorPs 
Pust preserYe accuPuOated NnowOedJe whiOe 
enabOinJ the ne[t Jeneration to PaNe data�driYen 
decisions conͤdentO\�

7he concepts outOined in this paper are 
e[ePpOiͤed b\ the 6Part3ower 6oOution 6uite>�@ 
IroP 0ind3ower $naO\tics� which iPpOePents this 
hoOistic 6aa6 and $,�0/ IraPeworN Ior transIorPer 
fleet PanaJePent� 'esiJned as a PuOti�tenant� 
standards�coPpOiant pOatIorP� 6Part3ower 
inteJrates oͧine diaJnostics� reaO�tiPe sensor data� 
and predictiYe anaO\tics into a uniͤed s\steP ̰ 
dePonstratinJ how utiOities can achieYe fleet�wide 
YisibiOit\� cost optiPisation� and worNIorce adaptation 
throuJh scaOabOe� coOOaboratiYe architecture�

7his paper estabOishes a reIerence IraPeworN 
Ior obMectiYe transIorPer heaOth inde[inJ and 
predictiYe asset PanaJePent� 7he approach 
proYides a scaOabOe pathwa\ Ior utiOities to eYoOYe 
IroP reactiYe Paintenance toward continuous� 
data�driYen reOiabiOit\ PanaJePent� )uture worN wiOO 
e[pand these Pethods to other substation assets 
and inteJrate deeper $,�0/ PodeOs Ior reaO�tiPe 
optiPisation and cross�fleet benchParNinJ�
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Through this article, TS Vishwanath, Founder & Executive Chairman, 
VeK, highlights where European demand is emerging, which products 
offer the strongest opportunities, and how MSMEs can leverage 
the India-EFTA, India-UK and India-EU trade frameworks to build a 
sustainable export presence.

Unlocking Europe for India’s 
Electrical & Electronics Sector

frameworks may reshape market access conditions 
for Indian exporters.

This article draws on trade data and product-
level analysis to explain where European demand 
is emerging, which products offer the strongest 
opportunities, and how MSMEs can leverage the 
three European FTAs to build a sustainable export 
presence.

Demand Drivers in Europe 
Europe’s rising demand for electrical and 

electronics products is being driven by three 
interlinked structural trends.
1. Grid modernisation and expansion have 

become a priority across the continent. Much 
of Europe’s transmission and distribution 
(T&D) networks were designed decades ago for 
centralised power generation. Today, grids must 

Indian exports of electrical and electronic products 
to Europe have grown steadily at a 24.8-percent 
CAGR from 2020-2024, according to the ITC Trade 

Map. Despite this growth, India’s share in the 
European markets (approximately 0.79 percent) 
remains relatively marginal compared to European 
imports. This gap between rising demand in Europe 
and low penetration of Indian products represents a 
clear opportunity, particularly for micro, small and 
medium enterprises (MSMEs), which form the 
backbone of India’s electrical and electronics 
manufacturing ecosystem.

India has recently concluded a trade and 
economic partnership agreement (TEPA) with the 
European Free Trade Association (EFTA), signed 
a comprehensive free trade agreement (FTA) with 
the United Kingdom (UK), and concluded an FTA 
with the European Union (EU). Together, these three 
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accommodate decentralised 
renewable energy (RE), cross-
border electricity trade, and 
digital monitoring systems. This 
has led to sustained investment 
in transformers, substations, 
switchgear, conductors, and 
grid automation equipment. 
Countries such as Germany, 
France, the UK, Spain, and the 
Nordic states are committing 
siJniͤcant inYestPents to 
reinforce and upgrade their 
electricity networks.

2. RE integration is reshaping 
power systems. Europe’s 
climate commitments require 
the rapid deployment of wind, 
solar, offshore energy, and energy storage. Every 
renewable project requires extensive electrical 
balance-of-plant equipment – cables, switchgear, 
transformers, power electronics, and control 
systems. As renewable penetration increases, so 
does demand for grid-stabilising equipment – an 
area where Indian manufacturers already have 
strong capabilities.

3. Industrial electrification and automation are 
accelerating. European industries are electrifying 
production processes to reduce emissions and 
energy costs, while simultaneously investing in 
automation and digital control systems. This is 
driving demand for rotating machines, motors, 
drives, power electronics, and industrial control 
equipment.  

Demand Hubs: Priority European Markets 
for Indian Electrical Exports

(urope̵s dePand is concentrated in speciͤc 
national markets that function as import and 
investment hubs. For Indian exporters, prioritising 
these hubs is critical.
̽ Germany remains the largest and most important 

anchor market for electrical equipment in Europe. 
It combines the highest import volumes with a 
sophisticated industrial base and large-scale 
grid and energy investments. Indian exports 
to Germany have grown steadily, yet India’s 
overall share in German imports remains limited, 
indicatinJ siJniͤcant OonJ�terP potentiaO�

̽ The UK has emerged as India’s fastest-
growing European destination, supported by 
grid modernisation, offshore wind, electric 
vehicle (EV) charging infrastructure, and energy 
transition investments. India’s share of UK 
imports remains modest, leaving ample room for 
expansion.

̽ France and the Netherlands form a second tier of 

IEEMA’s Exports in EFTA, UK and EU Markets (2020-2024)

large and stable import markets. France’s focus 
on Jrid resiOience and eOectriͤcation� coPbined 
with the Netherlands’ role as a logistics and 
energy hub, supports consistent demand across 
transformers, cables, switchgear, and power 
electronics.

̽ Spain and Greece are smaller in absolute size but 
have shown high growth rates in recent years. 
RE expansion and EU-supported infrastructure 
investments are driving rising imports of 
electrical equipment, making these markets 
attractive entry points for Indian SMEs seeking 
to scale up faster.

̽ The Nordic region (Norway, Sweden, Finland) 
represents high-value, technologically advanced 
ParNets� ,Pport YoOuPes reflect dePand Ior 
advanced electrical systems used in renewables, 
industry, and smart grids. These markets are 
standards-driven but offer strong commercial 
potential under preferential trade frameworks.

Product Opportunities for Indian Exporters
India’s export performance over recent years 

highlights clear product strengths that align well 
with European demand.

Core product segments with established export 
strength
̽ /ow�YoOtaJe �/9� switchJear and controOJear
̽ 7ransIorPers �distribution and power�
̽ :indinJ wires and cabOes
̽ 5otatinJ Pachines and Jenerator coPponents
̽ 3ower eOectronics and associated eTuipPent�

These products are central to grid expansion, 
renewabOe inteJration� and industriaO eOectriͤcation ̰  
making them well-positioned for sustained demand.

Emerging and niche opportunities
̽ +iJh�YoOtaJe switchJear
̽ &onductors and insuOators
̽ Capacitors and specialised electrical components

Source: ITC Trade Map.
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and JoYernance �(6*��aOiJned� cost�eͦcient 
manufacturing base for Europe. Anchor 
discussions around technology transfer, export-
dedicated capacity, and long-term supply 
commitments.

3. Build design and engineering services capability: 
Offer customisation, compliance documentation, 
and lifecycle engineering support to match the 
expectations of advanced European markets.

India-UK FTA: Immediate commercial gains and 
market expansion

The India-UK FTA, signed on July 27, 2025, aims to 
siJniͤcantO\ e[pand trade and inYestPent between 
,ndia and the 8.� :hiOe ͤnaO ratiͤcation is awaited� 
the agreement provides clarity on tariff schedules, 
compliance pathways, and procurement access, 
aOOowinJ ͤrPs to prepare ahead oI iPpOePentation�

$ deͤninJ Ieature oI the )7$ is the coPbination 
of streamlined compliance and immediate tariff 
eOiPination� 6eOI�certiͤcation under ruOes oI oriJin 
reduces transaction costs and administrative 
friction. Zero-duty access for key electrical products, 
including switchgear, controlgear, and cables, 
enhances India’s price competitiveness relative to 
non-preferential suppliers. The calibrated opening of 
UK public procurement further complements these 
gains, providing structured access to long-term 
channels and stable demand.

7he )7$ can beneͤt 060(s b\ securinJ 8.�
recoJnised certiͤcations� oIIerinJ YaOue�added 
services and exploring public procurement 
opportunities. Protecting intellectual property 
and investing in innovation will further strengthen 
market positioning.

Recommendations:
1. Institutionalise access to UK public procurement: 

Register on procurement portals and pursue grid, 
(9 inIrastructure� and eOectriͤcation tenders that 
offer predictable, long-term demand.

2. Secure 8.�recognised certifications� Ensure full 
compliance with applicable standards to avoid 
technical barriers and reduce buyer hesitation 
durinJ Yendor TuaOiͤcation� 

3. Establish a local commercial footprint: Develop 
distributor, warehousing, or service partnerships 
to meet delivery and after-sales expectations.

India-EU FTA: From Market Access to Value-Chain 
Realignment

The India-EU FTA, concluded on January 27, 
2026, represents a structural reset of India’s trade 
relationship with Europe, extending well beyond tariff 
reduction� :ith OeJaO ͤnaOisation and ratiͤcation 
expected by 2027, the agreement positions the EU as 
a strategic extension of India’s manufacturing and 
value chain partner in the electrical and electronics 
sector.

̽ (TuipPent OinNed to 5(� enerJ\ storaJe� (9 
charging, and grid automation.
For many MSMEs, the opportunity lies not in 

developing entirely new products, but in adapting 
e[istinJ portIoOios to (urope̵s speciͤcations and 
positioning them for infrastructure-led demand.

FTAs as Strategic Enablers for Market 
Access
India-EFTA: Investment-led market access and 
technology partnerships

The India-EFTA, signed in March 2024 and in 
force since October 2025, is a comprehensive 
agreement between India and the EFTA countries 
̰ 6wit]erOand� 1orwa\� ,ceOand� and /iechtenstein� 
The agreement modernises trade rules, enhances 
regulatory cooperation, and strengthens long-term 
engagement across high-value sectors.

$ deͤninJ Ieature oI the  7(3$ is its ,nYestPent 
Chapter, which anchors long-term, high-quality 
capitaO flows into ,ndia� 8nder this chapter� ()7$ 
countries have committed to increasing foreign 
direct investment (FDI) into India by USD 50 billion 
oYer the ͤrst �� \ears� IoOOowed b\ an additionaO 
86' �� biOOion oYer the subseTuent ͤYe \ears� 
This investment is explicitly linked to job creation, 
skill development, manufacturing expansion, and 
advanced technology collaboration. The TEPA also 
promotes cooperation in digital technologies, clean 
technologies, biotechnology, advanced materials, 
and sustainable metallurgy. 

For Indian electrical manufacturers, including 
MSMEs, the opportunity lies towards industrial 
partnerships� 7he aJreePent enabOes ͤrPs to 
combine manufacturing scale with technology 
absorption, R&D capability, testing infrastructure, 
and services to become embedded suppliers to 
European value chains. 

Recommendations 
1. Identify EF7A firms seeking India manufacturing 

bases: 3roactiYeO\ Pap ͤrPs diYersiI\inJ suppO\ 
chains and position as long-term manufacturing 
or component partners integrated into Europe-
bound value chains.

2. Attract strategic investment into technology 
and capacity expansion: (nJaJe ()7$ ͤrPs 
with structured joint venture (JV) proposals, 
positioning India as an environmental, social 

Europe’s rising demand for electricals is 
being driven by grid modernisation and 
expansion, RE integration, and industrial 

electrification and automation.
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Key provisions: 
1.  Tariff elimination and export competitiveness
 ̽ EU commitment: Elimination of tariffs on 

electrical and electronics products, reducing 
current duties of up to ~10 percent to 0 
percent, subject to agreed staging periods, 
with ͤ naO scheduOes to be conͤrPed at IorPaO 
signing. 

 ̽ India commitment: Phased reduction of tariffs 
on machinery and electrical equipment from 
levels of up to 44 percent to 0 percent over 
5-10 years, increasing competitive pressure in 
the domestic market. 

2.  Regulatory alignment and market integration 
 ̽ 0utuaO recoJnition oI conIorPit\ assessPent� 

certiͤcation procedures� and docuPentation 
requirements, including streamlined rules of 
origin.

 ̽ /ower coPpOiance costs and Iaster ParNet 
entry for Indian exporters.

 ̽ (stabOishPent oI a dedicated worNinJ 
group on conformity assessment to reduce 
duplicative testing and improve predictability 
for exporters. 

3. Intellectual Property Rights (IPR)
 ̽ +iJh standards oI ,3 protection and 

enIorcePent aOiJned with :72 75,36 
obligations. 

 ̽ )raPeworN to support technoOoJ\ 
collaboration, licensing, and JVs between 
,ndian and (8 ͤrPs� 

4.  Dedicated SME Chapter
 ̽ &reation oI a pubOicO\ accessibOe diJitaO 

platform providing consolidated information 
on market access, regulatory requirements, 
and customs procedures. 

 ̽ (stabOishPent oI 60( contact points on 
both sides to facilitate business entry and 
operational understanding. 

5. Sustainability and CBAM-related provisions
 ̽ &%$0 rePains appOicabOe� but iPpOePentation 

frictions are reduced through recognition of 
,ndian carbon�Yeriͤcation PechanisPs�

 ̽ $ccess to (8�supported Jreen transition 
ͤnancinJ enabOes inYestPents in cOeaner 
production, RE sourcing, and carbon-tracking 
systems.

 ̽ 3ositions coPpOiant ,ndian ͤrPs as 
preferred suppliers in ESG-driven European 
procurement markets.

For Indian exporters, the strategic implication 
is cOear� 7he ,ndia�(8 )7$ rewards ͤrPs that treat 
regulatory compliance, sustainability, and technology 
upgrading not as costs, but as competitive assets. 

Recommendations:
1. Secure &E�E1 certification� Given long 

coPpOiance tiPeOines� earO\ certiͤcation is 
essentiaO to aYoid OosinJ ͤrst�PoYer adYantaJe 
post�ratiͤcation�

2. Institutionalise ESG and carbon tracking: Invest 
in measurement and reporting systems to align 
with &%$0�OinNed reTuirePents and (6*�driYen 
procurement frameworks.

3. Upgrade capability in higher-value segments: 
Invest in technology depth across grid automation, 
high-voltage equipment, and digitally integrated 
systems, where long-term margins are stronger.

4. Integrate into European supply ecosystems: %uiOd 
partnerships with engineering, procurement, 
and construction (EPC) contractors, original 
equipment manufacturers (OEMs), and system 
integrators in key markets to secure inclusion in 
approved vendor networks.

Conclusion
Europe’s energy transition and grid modernisation 

are long-term, policy-driven investments. For Indian 
electrical and electronics manufacturers, the issue 
is no longer demand, but market positioning.

The India-EFTA, India-UK and India-EU trade 
agreements together mark a decisive shift in market 
access. Tariffs are being eliminated, regulatory 
pathwa\s are cOearer� and 060(�speciͤc IaciOitation 
is now buiOt into the trade architecture� +oweYer� 
these agreements reward prepared exporters.

In Europe, competitiveness is determined by 
standards coPpOiance� certiͤcation� sustainabiOit\ 
credentials, delivery reliability, and after-sales 
capabiOit\� ,ndian ͤrPs that treat these as strateJic 
investments, rather than costs, will gain durable 
access to European supply chains.

The opportunity is therefore not simply to 
export more, but to embed into Europe’s electrical 
and electronics ecosystem as long-term, trusted 
suppliers. The policy window is open; execution will 
determine outcomes.

For many MSMEs, the opportunity 
lies in adapting existing portfolios to 

Europe’s specifications and positioning 
them for infrastructure-led demand.
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 NEWS ANALYSIS 

The recently announced Union Budget 2026 presents a 
forward-looking outlook for the power sector. With 
emphasis on tariff rationalisation and infrastructure 

readiness, it focusses on clean energy scaling along with cost 
competitiveness and supply-chain resilience. 

Furthermore, the reduction in basic customs duty on 
essential inputs like batteries, key minerals and power 
electronics is expected to augment renewables, energy storage, 
electric vehicle (EV) charging infrastructure and grid 
modernisation. 
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Prioritising investments in transmission capacity, 
storage, grid technologies and scalable clean power 
assets will be key to capitalise on opportunities the 
Budget presents.

Key Policies
Restructuring of financing corporations

The %udJet presented an iPpactIuO ͤnanciaO 
reform with an aim to achieve scale and improve 
eͦcienc\ in the pubOic sector 1%)&s� $s a ͤrst step� 
the restructurinJ oI 3ower )inance &orporation �3)&� 
and 5uraO (Oectriͤcation &orporation �5(&� has been 
proposed. The announcement of the Infrastructure 
Risk Guarantee Fund is another highlight, which has 
the potential of promoting private capital across 
power generation, transmission, distribution, and 
storage.

Clean tech and industrial decarbonisation
$ Rs20,000 crore carbon capture, utilisation, and 

storaJe �&&86� roadPap has been announced oYer 
ͤYe \ears� coYerinJ power� steeO� cePent� reͤneries 
and chemicals. 

Electricity and energy storage
&ustoms duty exemptions have been extended 

for battery energy storage manufacturing, key solar 
inputs and critical mineral processing. 

EV and clean tech manufacturing
Duty exemptions for capital goods in lithium-ion 

battery manufacturing, solar glass production, 
nuclear power projects and critical mineral processing 
will continue to strengthen domestic manufacturing 
capabilities, reduce import dependence, and support 
India’s clean energy transition.

Nuclear energy
The Budget has proposed to extend the existing 

basic customs duty exemption on imports of goods 
required for nuclear power projects till 2035 and 
expand it for all nuclear plants irrespective of their 
capacity.

7ariff &hanges
Exemptions/concessional rates have been 

extended up to March 31, 2028, for the following:
̽ Electrical energy supplied to domestic tariff area 

�'7$� b\ power pOants oI ����� 0: or aboYe� and 
Jranted IorPaO approYaO Ior settinJ up in 6(= 
prior to July 19, 2012.

̽ (OectricaO enerJ\ suppOied to '7$ IroP power 
plants of less than 1,000 MW, and granted formal 
approYaO Ior settinJ up in 6(= prior to JuO\ ��� 
2012.

̽ Parts, components and accessories except 

lithium-ion cell and printed circuit board assembly 
�3&%$� Ior use in PanuIacturinJ OithiuP�ion 
battery and battery pack. 

̽ Inputs, parts or sub-parts for use in the 
PanuIacturinJ oI 3&%$ oI OithiuP�ion batter\ and 
battery pack. 

̽ Parts, sub-parts, inputs or raw material for use in 
the manufacturing of lithium-ion cells. 

̽ Lithium-ion cell for use in the manufacturing of 
battery or battery pack other than for cellular 
phone or (9� ie� incOudinJ %(66�

̽ $OO itePs oI Pachiner\� and au[iOiar\ eTuipPent 
required for initial setting up of a project for 
generation of power or generation of compressed 
bioJas �bio�&1*� usinJ non�conYentionaO 
materials. 

̽ $OO itePs oI Pachiner\� and au[iOiar\ eTuipPent 
for setting up of fuel cell-based system for 
generation of power or for demonstration 
purposes or balance of systems operating on 
biogas or bio-methane or by-product hydrogen. 

̽ 6peciͤed Joods Ior use in the PanuIacturinJ oI 
sheets or backsheets, which are used for 
manufacturing of solar photovoltaic cells or 
modules. 

̽ &opper wire or reͤned copper Ior PanuIacturinJ 
photovoltaic ribbon for solar photovoltaic cell or 
modules. 

̽ Forged steel rings for the manufacture of special 
bearings for use in wind operated electricity 
generators. 

̽ Goods for manufacture or the maintenance of 
wind operated electricity generator components.

Other tariff changes made effective from  
February 2, 2026:
̽ Exemption with respect to custom duty for capital 

goods imported with respect to lithium-ion cell 
for use in the manufacture of battery energy 
storaJe s\steP �%(66�� 7he saPe was earOier 
available only for capital goods used in 
manufacture of lithium-ion cells meant for 
mobility application.

The reduction in basic customs duty 
on essential inputs like batteries, 

key minerals and power electronics 
is expected to augment renewables, 

energy storage, electric vehicle 
charging infrastructure and grid 

modernisation.
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̽ %&' rate on sodiuP antiPonate� IaOOinJ under 
tariff item 2841 90 00, for use in manufacture of 
solar glass is being decreased from 7.5 percent 
to 1iO� 

̽ &oncessionaO %&' rate oI niO is prescribed on 
speciͤed Joods Ior use in the PanuIacture oI 
eth\Oene Yin\O acetate �(9$� sheets or bacNsheets� 
which are used in the manufacture of solar 
photovoltaic cells or modules. The entry has been 
Podiͤed and e[ePption now appOies to speciͤed 
goods for use in the manufacture of sheets/
encapsuOants oI (9$� poO\oOeͤn eOastoPer �3o(� 
or combinations thereof or backsheets, which are 
used in the manufacture of solar photovoltaic 
ceOOs or PoduOes IaOOinJ under &7+ ����� ����� 
3208, 3506, 3815, 3901 or 3920. 

̽ The exemption for goods required for setting up 
a nucOear power proMect �under &hapter ����� has 
been expanded by removing the earlier capacity 
threshold of 440 MW or above. Further, the 
validity of the exemption has been extended from 
6eptePber ��� ����� to 6eptePber ��� ����� 

̽ %&' rate on aOO Joods IaOOinJ under tariII iteP 
8401 30 00 (fuel elements [cartridges], non-
irradiated) for generation of nuclear power is 
being decreased from 7.5 percent to nil. 

̽ %&' rate on control and protection absorber rods 
and burnable absorber rods falling under tariff 
item 8401 40 00 for generation of nuclear power 
is being decreased from 7.5 percent to nil.

Industry 5eacts
I((0$ weOcoPes the 8nion %udJet ���� Ior 

providing a solid foundation for long-term industrial 
stability and competitiveness.

6ays Vikram *andotra� President� IEE0A� ˼The 
Budget offers a strategic push for comprehensive 
economic reforms that set the stage for sustainable 
growth by driving employment, productivity, and 
competitiveness. 

I((0$ weOcoPes the ePphasis on PanuIacturinJ 
and the strategic securing of self-reliance in critical 
minerals, including the proposal to provide basic 
customs duty exemption on the import of capital 
goods required for processing critical minerals in 
India. To advance green energy, a Rs20,000 crore 
outOa\ oYer ͤYe \ears is proposed to scaOe &&86 
technoOoJies across ͤYe Ne\ sectors� incOudinJ power� 
aligning with the December 2025 roadmap. The 
strong push on infrastructure, including the 
establishment of new dedicated freight corridors, 
and the enhanced focus on Tier-II and Tier-III 
econoPies wiOO proYide a siJniͤcant boost to the 
electrical equipment industry. 

I((0$ and its PePbers haYe been consistentO\ 
building capacities to promote Make in India, cater 
to the domestic demand, and tap global markets. 

Recognising the need to enable critical infrastructure 
and boost investment in data centres, the proposed 
tax holiday till 2047 will further drive demand and 
strengthen India’s digital and industrial ecosystem.” 

For Siddharth Bhutoria� President�Elect� IEE0A� 
“The Union Budget 2026 presents a forward-looking 
roadmap for India’s industrial and services growth. 
Building on semiconductor momentum, the 
JoYernPent Oaunched ,60 ��� to adYance 
semiconductor equipment manufacturing, Indian IP 
design, and supply chain resilience, nearly doubling 
the outlay to Rs40,000 crore to capitalise on sector 
growth. The establishment of hi-tech tool rooms and 
the 5s������ crore 60( *rowth )und wiOO strenJthen 
domestic manufacturing, build Indian IP, and nurture 
060(s as Iuture chaPpions� 

The focus on linking education with employment 
and enterprise will be critical in developing a skilled, 
technology-ready workforce and positioning India as 
a global leader in services and innovation.”

$dds +artek Singh� Vice President� IEE0A� “We 
welcome the government’s support for new energy 
̰ the basic custoPs dut\ �%&'� e[ePption on capitaO 
goods used for manufacturing lithium-ion cells for 
battery energy storage systems, which will strengthen 
India’s energy storage ecosystem. The exemption of 
customs duty on sodium antimonate for solar glass 
manufacturing is a timely step that will support 
domestic solar manufacturing, lower costs, and 
reinforce India’s clean energy transition.” 

Charu 0athur� Director *eneral� IEE0A� says, “The 
Budget focuses on a robust increase in capital 
expenditure, raising the allocation to Rs12.2 lakh 
crore for FY27 to spur investment-led growth. This 
growth is anchored by a commitment to fiscal 
consoOidation� tarJetinJ a deͤcit reduction to ��� 
percent of GDP. By prioritising high-impact capital 
outlay while simultaneously strengthening 
macroeconomic indicators, the Budget establishes 
a strategic framework for sustained economic 
momentum.”

&alling it support for electrical goods and EV 
manufacturing, says 5 Anand� +ead�Industrial 
5elations� Indirect 7axes and Admin� /arsen 	 7oubro 
/td and Power 7ransmission 	 Distribution� I& 	 
0entor� Economics 	 7axation Sub�&ommittee� 
IEE0A Public Policy &ommittee� “The Union Budget 
2026 extends focused support to the electrical goods 
and electric vehicle (EV) manufacturing sectors, 
recognising their critical role in India’s clean energy 
transition and industriaO Jrowth�̹  +e points to Ne\ 
Peasures that incOude� &ustoPs dut\ e[ePptions 
and rationalisation on select power electronics, 
semiconductor inputs, and EV battery materials, 
reducing input costs and improving price 
competitiveness; and incentives aimed at increasing 
localisation of power electronics, motors, chargers, 
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and energy storage systems, 
which are essential for EVs, 
renewable energy, and smart 
grid applications. “These 
interventions are expected to 
benefit manufacturers 
across the value chain, 
incOudinJ 060(s� contract 
manufacturers, and export-
oriented units,” he believes.

To further enhance 
suppO\�chain securit\� $nand 
adds that the Budget has announced the 
deYeOopPent oI 5are (arth &orridors� particuOarO\ in 
states such as 7aPiO 1adu� which aOread\ haYe a 
strong electronics and electrical manufacturing 
base. “These corridors will ensure reliable access 
to critical raw materials required for power 
electronics, EV motors and batteries, and advanced 
electronic and semiconductor applications. 
$dditionaOO\� new initiatiYes Ior capitaO Joods 
manufacturing, advanced tool rooms, and precision 
engineering facilities have been announced. These 
Peasures wiOO iPproYe PanuIacturinJ eͦcienc\� 
reduce lead times, and lower dependence on 
imported tooling and machinery, especially for 
contract manufacturers.”

6peaking on the projected economic and 
ePpOo\Pent iPpact� $nand sa\s that b\ the end oI 
)<�������� (&06 aOone is proMected to Jenerate 
Rs11,156 crore in fresh investments, Rs29,024 crore 
in incremental production, and 19,240 new direct 
jobs, alongside substantial indirect employment. 
̸7aNen toJether� the coPbined iPpact oI (&06� 3/, 
schemes, infrastructure investments, and duty 
rationalisation is expected to significantly 
strengthen India’s manufacturing ecosystem.”

+e concludes sharing that, “By addressing long-
standing structural challenges such as component 
dependency, supply-chain vulnerability and high 
input costs, the Budget lays a solid foundation for 
achieYinJ ,ndia̵s aPbitious JoaO oI a 86' ��� biOOion 
electronics ecosystem by 2030-31. These measures 
are poised to drive sustained industrial growth, 
g e n e r a t e  l a rg e - s c a l e 
employment ,  enhance 
exports, and reinforce India’s 
technological self-reliance 
in the years ahead.”

Bharanidharan Pandyan� 
Joint 0anaging 	 :hole�
time Director� Quality Power 
Electrical ETuipments /td� 
thinks the Budget sends an 
important long-term signal 
for the power sector. “Data 

centres and $, inIrastructure ̰ that are now 
fundamental to the digital economy – are extremely 
power�intensiYe� $ sinJOe upcoPinJ IaciOit\ OiNe the 
Google data centre in Vizag is close to 1 GW, and 
new developments in Texas are touching 11 GW, 
equivalent to powering an entire city such as Pune. 
With tax holidays and favourable policies for 
software and technology players, the resulting 
demand could far exceed current power 
infrastructure and capacity-addition trajectories. In 
that sense, the Budget indirectly but very powerfully 
incentivises the entire energy sector, creating a 
strategic opportunity for utilities and power 
developers to accelerate investment and build the 
backbone of India’s digital future.”

For .eyur *irishchandra Shah� 0anaging 
Director� <ash +ighvoltage /td� “India’s Union 
Budget 2026 reinforces the 
government’s commitment 
to infrastructure-led growth 
and building resilient, future-
ready power systems. The 
sustained focus on capital 
expenditure and modernising 
infrastructure, coupled with 
the increasing adoption of 
digital and technology-
enabled solutions, provides 
a supportive backdrop for 
strengthening the nation’s 
electrical ecosystem. With infrastructure projects 
and grid systems becoming more complex  
and data-driven, the emphasis on efficient  
project execution, operational performance, and 
advanced engineering solutions will support the 
evolution of power transmission and generation 
networks. This environment underscores the 
importance of quality, innovation, and reliability in 
power equipment.”

+e adds that the Budget’s policy direction is well 
aligned with the company’s strategic focus on 
engineering excellence, robust manufacturing, and 
technology-integrated solutions. “It instils 
confidence to continue investing in advanced 
capabilities, digitalisation, and skilled talent while 
contributing to India’s secure, efficient, and 
sustainable power infrastructure.”

To conclude, the Budget provides a forward-
looking framework for India’s power sector with 
decarbonisation, energy security and capability 
building as its focus areas. It furthers the country’s 
position as a resilient global player in clean energy 
technologies and a low-carbon energy future.

+ere’s to building an even more globally 
competitive electrical and electronics manufacturing 
base!

R Anand

Bharanidharan Pandyan

Keyur Girishchandra 
Shah
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Different LV Earthing Systems 
& Regulation 18 of CEA Safety 
Regulation 2023
This article by Dr Rajesh Kumar Arora, Sr Manager (Technical) D&E, 
DTL, New Delhi, discusses the five main earthing configurations and 
their structures, advantages, disadvantages, and associated safety 
protection systems.

Earthing (grounding) is to make an electric 
connection between a conductive part and a 
local earth. Earthing is a fundamental concept 

in electrical installations, providing a path for fault 
currents and helping ensure electrical safety. It 
prevents electric shock hazards, limits overvoltages, 
and ensures the proper operation of protective 
devices. There are several earthing systems in use 
worOdwide� priPariO\ cOassiͤed as 7erre�1eutraO �71�� 
7erre�7erre �77�� and ,soOated 7erre �,7�� 7his articOe 
discusses the ͤYe Pain earthinJ conͤJurations ̰ 
71�6� 71�&� 71�&�6� 77� and ,7 ̰ and their structures� 
advantages, disadvantages, and associated safety 
protection systems.

1. Introduction
Earthing is to make an electric connection 

between a conductive part and a local Earth. The 
connection to local Earth can be intentional or 
unintentional or accidental and can be permanent or 
temporary.

The CEA Regulations ���� deͤne earthinJ 
as connection of the exposed conductive and 
extraneous parts of an installation to the MET of that 
installation or connection of neutral of transformer 
or generator to general mass of earth or to earth 
bonding bar of that installation.

7he ,6 ��� deͤnes earthinJ as connection oI the 
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exposed conductive parts of an installation to the 
MET of that installation. 

Here, the main earthing terminal (MET) is part 
of the earthing arrangement of an installation and 
enables the electric connection of a number of 
conductors used for earthing or bonding purposes. 
and earthing arrangement means all the electric 
connections and devices involved in the earthing of 
a system, an installation, or equipment.

���� Significance of earthing �grounding�
i� Safety from electric shock
 ̽ 3reYents accidentaO eOectrocution b\ JiYinJ 

IauOt current a Oow�resistance path to the 
ground.

 ̽ ,I a OiYe wire touches the PetaO bod\ oI an 
appliance, grounding ensures that electricity 
flows to the earth� not throuJh a person who 
touches it.

ii� Protection against electrical fires
 ̽ )auOt currents without JroundinJ can Oead to 

sparNs� oYerheatinJ� or ͤres�
 ̽ (arthinJ heOps to TuicNO\ trip circuit breaNers 

or Iuses� preYentinJ potentiaO ͤre ha]ards�
iii� ETuipment protection
 ̽ 6ensitiYe eOectricaO and eOectronic deYices 

are shielded from surges (eg, lightning or 
switching surges).

 ̽ 3reYents daPaJe due to YoOtaJe fluctuations 
and ensures longevity of equipment.

iv� Voltage stabilisation
 ̽ 3roYides a coPPon reIerence point Ior aOO 

voltages in the system.
 ̽ +eOps Paintain consistent YoOtaJe OeYeOs 

in PuOti�phase s\stePs� reducinJ eOectricaO 
noise and instability.

v� /egal and regulatory compliance
 ̽ (arthinJ is Pandator\ in Post countries as 

per saIet\ codes �eJ� 1(&� &($��
 ̽ (nsures instaOOations are certiͤed saIe and 

meet standards.

�� &oncept of Earthing �*rounding�
When the neutral for a system is not connected 

with the earth, it is known as electrical system 
without earthinJ� as depicted in )iJure �� 

Largely, galvanised iron is used for earthing. 
The earthing provides a simple path to the leakage 
current and IauOt current in the s\steP� 7he short�
circuit current of the equipment passes to the earth, 
which is assumed to have zero potential. Thus, it 
protects system equipment and personnel working 
with these equipment from damage as well as shock 
current� as shown in )iJure ��

The system earth resistance should be such 
that during any fault, earthing is designed to ensure 
protection, ie, the protective gear must operate to 
isolate the faulty section, eg, by circuit breaker or 
fuses.

���� 7ypes of electrical earthing
The electrical equipment mainly consists of two 

non�current carr\inJ parts� 7hese parts are neutraO 
of the system or frame/support structure of the 
eOectricaO eTuipPent� )roP the earthinJ oI these two 
non�current carr\inJ parts oI the eOectricaO s\steP� 
earthinJ can be cOassiͤed into two t\pes�
�� 1eutraO �s\steP� earthinJ
2. Equipment earthing.

1eutral �system� earthing
In neutral earthing, the neutral of the system 

Figure �� Electrical System :ithout Earthing
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�� &lassification of Earthing System  
$ Oow YoOtaJe �/9� distribution s\steP Pa\ be 

identiͤed accordinJ to its earthinJ s\steP� 7hese 
are deͤned usinJ the ͤYe Oetters� 
�� 7 �direct connection to (arth�
�� 1 �neutraO�
�� & �coPbined�
�� 6 �separate� and 
5. I (isolated from earth). 

7he ͤrst Oetter denotes how the transIorPer 
neutral (supply source) is earthed while the second 
letter denotes how the metal work of an installation 
(frame) is earthed. The third and fourth letters 
indicate the functions of neutral and protective 
conductors, respectively. 
7here are three possibOe conͤJurations� 

is directly connected to the earth with the help of 
soPe PetaOOic conductinJ wire� 1eutraO earthinJ is 
aOso caOOed s\steP earthinJ� 6uch t\pe oI earthinJ 
is mostly provided to a system that has star 
windinJ� )or e[aPpOe� neutraO earthinJ is proYided in 
generators, transformers, diesel generator (DG) sets, 
etc� as shown in )iJure ��

ETuipment earthing
This type of earthing is provided to electrical 

eTuipPent� 7he non�current carr\inJ part oI the 
equipment such as its metallic frame is connected 
to the Earth by the help of conducting wires, as 
shown in )iJure �� ,I a IauOt occurs in the apparatus� 
the short�circuit current wiOO pass the (arth b\ the 
help of the wire, thus protecting the system from 
damage.

Figure �� Electrical System with Earthing

Figure �� 1eutral and ETuipment Earthing
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�� 71� Transformer neutral earthed, frame 
connected to neutral. 

 7he 71 s\steP incOudes three sub�s\stePs� 71�
&� 71�6 and 71�&�6�

2) 77� Transformer neutral earthed and frame 
earthed. 

3) I7� Unearthed transformer neutral, earthed frame. 

���� 71 earthing system 
,n a 71 earthinJ s\steP� the suppO\ source 

(transformer neutral) is directly connected to Earth 
with one or more conductors, and all exposed 
conductive parts of an installation are connected to 
the neutral or protective earth conductor. The three 
sub�s\stePs in 71 earthinJ s\steP are described 
below with their key characteristics. 

������ 71�& earthing system 
71�& s\steP has the IoOOowinJ Ieatures� 
�� 1eutraO and protectiYe Iunctions are coPbined in 

a sinJOe conductor throuJhout the s\steP� �3(1 
̰ 3rotectiYe (arthed 1eutraO�� 

2) The supply source is directly connected to 
Earth, and all exposed conductive parts of an 
instaOOation are connected to the 3(1 conductor� 
as shown in )iJure ��

Advantages�
̽ &ost�eIIectiYe� 2nO\ one conductor �3(1� is used 

instead oI separate 3( and 1�
̽ 6iPpOiͤed wirinJ and reduced conductor si]e�
̽ 6uitabOe Ior short�distance power distribution�

Disadvantages�
̽ 6aIet\ risN iI 3(1 conductor breaNs� as e[posed 

conductive parts may become live.
̽ (OectroPaJnetic interIerence due to shared 

current in 3(1�
̽ 1ot coPpatibOe with 5&'s� OiPitinJ personaO 

protection.
̽ 1ot aOOowed in Pan\ Podern instaOOations due to 

safety standards.

Safety protection�
̽ )uses or circuit breaNers Ior oYercurrent 

protection.
̽ 5esiduaO current deYices �5&'s� are JeneraOO\ not 

effective without separate protective conductor 
�3(��

Applications�
̽ 2Iten used in oOder or budJet�OiPited distribution 

networks.

������ 71�S earthing system 
71�6 s\steP has the IoOOowinJ Ieatures� 
�� $ 71�6 s\steP has separate neutraO and 

protective conductors throughout the system. 
2) The supply source is directly connected to Earth. 

$OO e[posed conductiYe parts oI an instaOOation 
are connected to a 3( Yia the Pain earthinJ 
terPinaO oI the instaOOation� as shown in )iJure ��

Advantages�
̽ +iJh saIet\ due to separate neutraO and protectiYe 

conductors.
̽ /ow eOectroPaJnetic interIerence �(0,� PaNes it 

suitable for sensitive electronic equipment.
̽ 5eOiabOe IauOt disconnection due to Oow 

impedance path.
̽ 1o neutraO current in the 3( conductor� ensurinJ 

safer earthing.

Disadvantages�
̽ 0ore e[pensiYe due to the need Ior separate 3( 

and 1 conductors�
̽ 0ore coPpOe[ wirinJ increases instaOOation tiPe�
̽ 6usceptibOe to PuOtipOe earth IauOt scenarios 

requiring careful design.

Safety protection�
̽ 5&'s or Piniature circuit breaNers �0&%s� detect 

faults between live and Earth.
̽ 2Yercurrent protection deYices �2&3's� trip iI 

e[cess current flows�

Figure �� 71�& Earthing System
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̽ 4uicN disconnection durinJ (arth IauOts to 
prevent shock.

Applications�
̽ &oPPerciaO and industriaO instaOOations where 

electrical noise reduction is essential.

������ 71�&�S earthing system 
71�&�6 earthinJ s\steP has the IoOOowinJ Ieatures� 
�� 1eutraO and protectiYe Iunctions are coPbined 

in a sinJOe conductor in a part oI the 71�&�6 
s\steP� 7he suppO\ is 71�& and the arranJePent 
in the instaOOation is 71�6� as depicted in )iJure �� 

�� 8se oI a 71�6 downstreaP IroP a 71�&� 
�� $OO e[posed conductiYe parts oI an instaOOation 

are connected to the 3(1 conductor Yia the Pain 
earthing terminal and the neutral terminal; these 

terminals being linked together.
This type of distribution is known also as 

protectiYe PuOtipOe earthinJ and the 3(1 conductor 
is referred to as the combined neutral and earth 
�&1(� conductor�

7he suppO\ s\steP 3(1 conductor is earthed 
at several points, and an earth electrode may be 
necessary at or near a consumer’s installation.

Advantages�
̽ (conoPicaO� 6hared 3(1 up to a point� then 

separate 3( and 1�
̽ ,PproYed saIet\ coPpared to 71�&�
̽ 6upports 5&'s� enhancinJ IauOt and shocN 

protection.
̽ :ideO\ accepted in Podern residentiaO and 

commercial networks.

Figure �� 71�S Earthing System

Figure �� 71�&�S Earthing System
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Disadvantages�
̽ 6tiOO dependent on 3(1 inteJrit\ ̰ a broNen 3(1 

can be dangerous.
̽ 5eTuires robust earthinJ and bondinJ at the 

consuPer end �30( coPpOiance��
̽ 9oOtaJe rise risN durinJ (arth IauOts on the 3(1 

conductor.

Safety protection�
̽ 5&'s to detect OeaNaJe currents�
̽ (TuipotentiaO bondinJ to reduce touch YoOtaJes�
̽ 0uOtipOe earthinJ points to PiniPise rise in (arth 

potential.

Applications�
̽ 5esidentiaO� coPPerciaO� and Pi[ed�use 

installations.

���� 77 earthing system
In this system, the supply source has a direct 

connection to earth� $OO e[posed conductiYe parts 
of an installation also are connected to an earth 
electrode that is electrically independent of the 
source earth� as shown in )iJure �� 

The fault loop impedance is higher, unless the 
electrode impedance is very low indeed. 

Advantages�
̽ ,ndependent OocaO earthinJ enhances saIet\� 

especially in remote areas.
̽ 1ot reOiant on utiOit\ earthinJ� PaNinJ it ideaO 

where reliable utility earth is unavailable.
̽ ([ceOOent shocN protection with 5&'s�

Disadvantages�
̽ +iJher earth IauOt Ooop iPpedance� so 

disconnection reTuires 5&'s�
̽ 6ensitiYe to Jround conditions� reTuires Oow�

resistance earth electrodes.
̽ 5eJuOar testinJ and Paintenance oI the earth 

electrode are needed.
̽ 6Oower IauOt cOearance without proper 5&'s�

Safety protection�
̽ 5&'s are Pandator\� t\picaOO\ �� P$ Ior personaO 

protection.
̽ (arth eOectrodes Pust haYe Oow resistance to 

ensure proper IauOt current flow�
̽ (arth Ooop iPpedance testinJ is cruciaO durinJ 

installation.

Applications�
̽ 5uraO or rePote areas�
̽ 6PaOO buiOdinJs with no 30( aYaiOabiOit\�

���� I7 earthing system 
In this system, the supply source is either 

connected to Earth through deliberately introduced 
high earthing impedance (impedance earthed 
,7 s\steP� or is isoOated IroP (arth� $OO e[posed 
conductive parts of an installation are connected to 
an earth eOectrode� as shown in )iJure �� 

The conductive parts including metal body of 
the installations are connected to earthed through 
one or more local earth electrodes. These local 
electrodes do not have any direct connection to the 
source.  

It is pertinent to mention here that single phase 
,7 s\steP shown in )iJure � is not used in ,ndia 
(except special location).

Advantages�
̽ +iJh continuit\ oI suppO\� )irst IauOt does not 

interrupt operation.
̽ ([ceOOent Ior criticaO s\stePs OiNe hospitaOs� 

ships, and data centres.

Figure �� 77 Earthing System
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̽ /ow touch YoOtaJe under IauOt conditions�
̽ 5educes risN oI ͤre IroP Jround IauOts�

Disadvantages�
̽ &oPpOe[ and e[pensiYe to desiJn and Paintain�
̽ 5eTuires insuOation PonitorinJ deYices �,0's� 

for early fault detection.
̽ 6peciaOised traininJ reTuired Ior operation and 

maintenance.
̽ )auOts Pust be Oocated and repaired TuicNO\ 

before a second fault occurs.

Safety protection�
̽ ,nsuOation PonitorinJ deYices �,0's� detect the 

ͤrst IauOt without shuttinJ down the s\steP�
̽ $OarPs or indicators aOert personneO oI insuOation 

failures.
̽ 5&'s and 0&%s Pa\ be used Ior secondar\ IauOt 

protection.

Applications�
̽ +ospitaOs �operatinJ theatres��
̽ 0ines� PiOitar\� ships�
̽ 'ata centres�

�� &omparison of All Earthing Systems
&oPparison oI aOO earthinJ s\stePs basis earth 

IauOt Ooop iPpedance� 5&' preIerred� need earth 
eOectrode at site� 3( conductor cost� etc� has been 
carried out as IoOOows�

�� Earthing And Bonding Difference and 
Significance

Earthing and bonding are both vital safety 
measures in electrical systems but serve different 
purposes. Earthing connects electrical equipment 
or systems directly to the Earth to safely dissipate 
fault currents, preventing electric shock and 
equipment damage. It provides a reference point 
of zero potential and ensures protective devices 
operate correctly during faults (as already discussed 
in detaiO�� %ondinJ� on the other hand� inYoOYes 
connecting all exposed and extraneous conductive 
parts together to maintain equal potential and 
eliminate voltage differences between metal parts. 
While earthing directs fault current to the ground, 
bonding prevents electric shock by ensuring all 

Figure �� I7 Earthing System

Earthing System &onditions TN-C TN-S TN-C-S TT IT

(arth IauOt Ooop iPpedance �()/,� Low Low Low High Highest

5&' preIerence 1o 2ptionaO 2ptionaO Yes 1$

1eed oI earth eOectrode at site 1o 1o 2ptionaO Yes Yes

3( conductor cost Least Highest High Low Low

5isN oI broNen neutraO Highest Highest High 1o 1o

6aIet\ /east 6aIe 6aIest 6aIe 6aIe Less safe

Electromagnetic interference High Low Low Least Least

6aIet\ risNs %roNen 
neutral

%roNen 
neutral

%roNen 
neutral

High loop 
impedance 
(step voltages)

Undetected 
second fault 

7able �� &omparison of Different /V Earthing �*rounding� Systems
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accessible conductive surfaces remain at the same 
potentiaO �5eIer to )iJure ���

Figure �� Bonding and Earthing &oncept

Equipotential bonding in an electrical system is 
the practice of electrically connecting all exposed 
and extraneous conductive parts to maintain the 
same potential and minimise voltage differences. 

This connection ensures that, in the event of a fault, 
no dangerous potential exists between metallic 
parts that a person might touch simultaneously. 
Let’s understand the terms exposed and extraneous 
conductiYe parts �5eIer to )iJure ����
A� Exposed conductive parts� &onductiYe parts oI 

electrical equipment that are not normally live 
but can become energised during a fault and can 
be touched.

 Examples� Metal casings of appliances, metal 
switchgear frames, exposed metal conduits, and 
cableways.

 Protection� Must be permanently connected to 
the protective earthing conductor and the main 
earthing terminal. 

%� Extraneous conductive parts� &onductiYe parts 
that are not part of the electrical installation but 
can introduce a potential, often earth potential, 
and may become energised during a fault.

 Examples� Metal water and gas pipes, structural 
steel, metal reinforcement in concrete, radiators, 
and metallic building elements.

 Protection� Must be connected to the main 
earthing terminal via equipotential bonding to 
ensure they are at the same potential as exposed 
parts, preventing dangerous touch voltages. 
Equipotential bonding is achieved through main 

and supplementary bonding conductors. Its primary 
purpose is to enhance safety by reducing the risk of 
eOectric shocN� proYidinJ a Oow�resistance IauOt path� 

Figure ��� 7ouch Voltage Between an Exposed�&onductive�Part and an  
Extraneous�&onductive�Part
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and enabling protective devices to disconnect faulty 
circuits promptly.

Main bonding and supplementary bonding are 
essential safety measures in electrical installations 
designed to prevent electric shock and ensure 
proper operation of protective devices. Main 
bonding involves connecting the main protective 
conductor to the main metallic parts of a building, 
such as gas, water, or structural steel pipes. This 
creates a common reference point for all metallic 
parts, ensuring that, in the event of a fault, no 
dangerous voltage difference exists between them. 
It also allows protective devices like circuit breakers 
or Iuses to operate TuicNO\ b\ proYidinJ a Oow�
resistance fault path.

6uppOePentar\ bondinJ� on the other hand� is the 
additional connection between exposed conductive 
parts and nearby extraneous conductive parts in 
locations where the risk of electric shock is higher, 
such as bathrooms or kitchens. It equalises potential 
differences within a localised area, reducing the 
risk of current passing through a person who 
simultaneously touches two metal surfaces at 
diIIerent potentiaOs �5eIer to )iJure ���� 

7he siJniͤcance oI both IorPs oI bondinJ Oies 
in enhancing electrical safety, minimising shock 

hazards, and maintaining system integrity. Together, 
main and supplementary bonding ensure that any 
fault current is safely directed to Earth, thereby 
protecting people, property, and equipment from 
electrical dangers.

�� 5egulation �� ˴ Earthed 7erminal on 
&onsumer Premises
:hat it reTuires�
�� 7he eOectricit\ suppOier Pust proYide and 

maintain a proper earthed terminal on the 
consumer’s premises.

 )or instaOOations with YoOtaJe e[ceedinJ ��� 9� 
the consumer must provide their own earthing 
system (an independent electrode), which 
Pust be inter�OinNed with the suppOier̵s earthed 
terminal via a suitable link. 

2) The consumer must take all reasonable 
precautions to prevent mechanical damage to 
the earthing terminal and its lead belonging to 
the supplier. 

:hy it matters�
̽ 3roper earthinJ is criticaO Ior protectinJ persons 

and equipment from fault currents and electric 
shocNs �5eIer to )iJure ����

Figure ��� 0ain and Supplementary Bonding &oncept



Extremely 
reliable?

Maximum protection for extreme demands and high-pressure 
cleaning: PowerTOP Xtra IP67 / IP69

Discover more on MENNEKES.org/ptx

Absolutely.

Ground Floor, Logi Tech Park 4,  No 146, 148 & 149,
SIDCO Industrial Estate, Thirumazhisai, Chennai 600124
Tamil Nadu, India
Phone : 044-22253561/62  info@MENNEKES.in www.MENNEKES.in



INSIGHT

| 62 | March 2026

̽ (nsures that the suppOier̵s and consuPer̵s 
earthing systems are coordinated, reducing risk 
from improper or missing earth connections.

.ey points to remember�
̽ $ppOies to eYer\ consuPer̵s instaOOation where 

supplier provides supply.
̽ ,I YoOtaJe !��� 9� consuPer̵s own eOectrode is 

mandatory and must link with supplier’s earth.
̽ %oth suppOier̵s and consuPer̵s earth 

arrangements must be maintained and protected 
from damage.

�� &onclusion
&hoosinJ the riJht earthinJ s\steP is essentiaO 

for ensuring electrical safety, reliability, and 
compliance with regulations. Each system has its 
uniTue structure� beneͤts� and associated protection 
mechanisms.
̽ 71 s\stePs oIIer reOiabOe protection when 

coPbined with circuit breaNers and 5&'s�
̽ 77 s\stePs are ideaO Ior areas with no connection 

to utiOit\ earth� reO\inJ heaYiO\ on 5&'s�
̽ ,7 s\stePs prioritise continuit\ oI serYice with 

insulation monitoring for early fault detection.
3roper desiJn� instaOOation� and Paintenance 

of earthing and protection systems are crucial for 
minimising electrical hazards, ensuring user safety.

Earthing and bonding are two different ways of 
providing safety to electrical systems from sudden 
and unexpected leakage or discharge of current 
due to Yarious reasons� $OthouJh earthinJ is a Pore 
common term we come across, bonding is also 
eTuaOO\ iPportant in aOO eOectricaO s\stePs� $t the 
same time, the electrical bond alone does not ensure 
complete protection, but along with grounding, it 
helps discharge the extra current to the ground, thus 
making the system safe. 

$s per reJuOation �� oI &($ 6aIet\ 5eJuOation� it 

must be ensured that the supplier’s and consumer’s 
earthing systems are coordinated, reducing risk 
from improper or missing earth connections.

5eferences
>�@ 0anuaO on ̴*roundinJ oI $ & 3ower 6\stePs̵ 

3ubOication 1o ���� &�%�,�3� 1ew 'eOhi� 
>�@ ,6 ���������� ,ndian 6tandard &ode oI 3ractice 

for Grounding. 
>�@ &($ ̴0easures reOatinJ to 6aIet\ and 

(Oectric 6uppO\̵ and ̴7echnicaO 6tandards Ior 
&onstruction oI (OectricaO 3Oants and (OectricaO 
/ines and &onnection to *rid under 5eJuOations 
�����

>�@ ,6 ���� &ode oI 3ractice Ior (OectricaO :irinJ 
Installations.

>�@ 1ationaO (OectricaO &ode �1(&� �����

Figure ��� Explanation of 5eg��� of &EA Safety 5egulation
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Ensuring Fire-Resistant Safety in 
Chemical Processing Facilities:  
A Comprehensive Electrical 
System Design Approach

creating potential explosive atmospheres. Therefore, 
precise ha]ard cOassiͤcation is piYotaO� %ased on 
NFPA 70 (NEC) and International Electrotechnical 
&oPPission �,(&� standards� areas are cOassiͤed 
into zones and divisions:

Zone 0: &ontinuous presence oI flaPPabOe Yapours
Zone 1: Occasional presence under normal 
operation
Zone 2: Rare or temporary presence
Division 1: Hazards are present during normal 
operations
Division 2: +a]ards onO\ occur in abnorPaO 
conditions.

In recent years, the chemical manufacturing 
industr\ has JrappOed with risinJ ͤre incidents in 
India, many stemming from electrical short 

circuits and system failures. Ensuring safety in 
enYironPents Oaden with flaPPabOe chePicaOs is not 
Must a reJuOator\ reTuirePent but a PoraO iPperatiYe� 
A meticulously designed electrical infrastructure 
adhering to National Fire Protection Association 
�1)3$� standards is YitaO to preYent ͤres� saIeJuard 
personnel, and protect assets.

7he Importance of +a]ard &lassification and 
Zone Segregation

&hePicaO pOants oIten handOe YoOatiOe substances� 

Designing electrical systems for chemical facilities – be it a fragrance 
blending plant or a large chemical processing unit – demands adherence to 
NFPA standards and a proactive safety culture. Critical components include 
explosion-proof enclosures, fire-resistant wiring, advanced gas detection 
and redundant safety power supplies, writes Vijaykumar Potdukhe, 
Managing Director, Privij Consultants Engineering Pvt Ltd.
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)or e[aPpOe� in a IraJrance bOendinJ pOant� ]ones 
containing aromatic alcohols, solvents and volatile 
compounds are marked as Zone 1, necessitating 
explosion-proof enclosures, intrinsically safe 
instruPentation and ͤre�resistant cabOinJ�

Advanced Equipment and Protective 
Measures

Explosion-proof enclosures and wiring: 
Utilisation of Ex d explosion-proof enclosures with 
flaPe paths and seaOinJ Ieatures� coPpOiant with 
IEC 60079-0 standards, contain internal arcs and 
prevent surface ignition. Wiring in hazardous zones 
is repOaced with PineraO�insuOated copper cabOes 
rated for 1,000°C for two to three hours, ensuring 
circuit inteJrit\ durinJ hiJh tePperature ͤres�

Intrinsically safe control systems: (PbeddinJ 
intrinsicaOO\ saIe barriers saIeJuards sensors� OeYeO 
gauges and asset monitoring devices from igniting 
vapours. Control panels feature fail-safe logic to 
enact automatic shutdowns upon detecting faults 
or leaks.

Fire and gas detection and suppression: 
Deploying gas sensors with PLC interfaces 
enabOes earO\ OeaN detection� triJJerinJ aOarPs and 
ePerJenc\ shutdown procedures� )oaP�based 
suppression systems activate within milliseconds 
oI Yapour detection� preYentinJ ͤre escaOation�

Lighting and power resilience: Inspection-grade 
e[pOosion�prooI /(' OiJhtinJ enhances YisibiOit\ 
without iJnition risN� )ire�resistant cabOes power 
critical safety systems, emergency lighting and 
communication networks, maintaining operations in 
the eYent oI a ͤre�

Emergency Power & Safety Protocols
Reliable power backup: In accordance with NFPA 

110, UPS systems and diesel generators ensure 
criticaO saIet\ s\stePs ̰ ͤre aOarPs� ePerJenc\ 
shutdowns and communication – remaining 
IunctionaO durinJ power outaJes or ͤres�

Egress and signage: Illumination and signage 
meet NFPA 101 standards, facilitating safe 
eYacuation under ͤre or ePerJenc\ conditions�

Grounding and lightning protection: A meshed 
grounding grid and lightning rods reduce static 
buiOdup and suppO\ transient suppression� 
siJniͤcantO\ OowerinJ iJnition ha]ards due to static 
charges or lightning strikes.

Case Study: Fragrance Chemical Blending 
Plant

A leading manufacturer of fragrances faced 
siJniͤcant saIet\ chaOOenJes due to an outdated 
electrical infrastructure, with non-explosion-proof 
encOosures and insuͦcient ͤre�resistant protection� 

Approach and implementation 
&Oassiͤed bOendinJ and storaJe ]ones as  

Zone 1, installing Ex d explosion-proof enclosures.
Replaced all wiring with mineral-insulated copper 

cabOes rated Ior �����r&� ensurinJ circuit inteJrit\ 
durinJ ͤres�

,ncorporated intrinsicaOO\ saIe barriers Ior sensor 
and controO circuits� coupOed with 3/&�based OeaN 
detection.

,nstaOOed IoaP�based ͤre suppression s\stePs 
activated automatically upon vapour detection.

8pJraded power bacNup with 836 and standb\ 
diesel generators.

Ensured all safety signage, emergency lighting 
and grounding were compliant with NFPA 70, NFPA 
110 and NFPA 101.

5esults and benefits
The plant’s upgraded system maintained 

continuous operation under ͤ re scenarios� eIIectiYeO\ 
contained vapour leaks, and reduced ignition 
risks. It achieved full NFPA compliance, enhancing 
saIet\ standards and operationaO robustness whiOe 
ensuring personnel safety.

Final Thoughts: A Holistic Safety Approach
Designing electrical systems for chemical 

IaciOities ̰ be it a IraJrance bOendinJ pOant or a OarJe 
chemical processing unit – demands adherence 
to NFPA standards and a proactive safety culture. 
Critical components include explosion-proof 
encOosures� ͤre�resistant wirinJ� adYanced Jas 
detection and redundant safety power supplies.

This comprehensive strategy not only minimises 
ͤre and e[pOosion risNs but aOso ensures coPpOiance� 
operational continuity, and most importantly, the 
safety of personnel and the environment. In a world 
where saIet\ cannot be coPproPised� inteJratinJ 
rigorous electrical safety measures is essential for 
sustainabOe industriaO Jrowth�
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Power System Adequacy: 
Enhancing Transformer 
Performance 

This paper by Pravinchandra Mehta (Member CIGRE India), CEO, 
Persotech Solutions, Vadodara (ex GETCO), describes various points of 
power system network components that may cause the failure of power 
transformers based on his experience. The paper is a great learning for 
designers of transformers and substations.

INSIGHT

Power transformers are key equipment in the 
switchyard of power installation. Considering 
it is an expensive equipment in the power 

system network, owners of power transformers 
expect the equipment to have good health and a 
long operational life. Transformer outage in a 
switchyard or sub-station can cause major 
disturbance in the power network. Failure of power 
transformers not only causes longer power outage 
but also huge economic losses due to their capital 
or repair cost. 

This paper discusses the healthy running of  
power transformers and root cause analysis 
of its failure, particularly from the viewpoint of 

power s\steP networN conͤJuration�instaOOation� 
protection adopted, etc. It describes various 
points of power system network components 
that may cause the failure of power transformers 
based on experiences of the author. By application 
of engineering knowledge and references, the 
obstacles can be well tackled. 

The paper aims to bring awareness among 
stakeholders and not disregard any installation 
practices. Most of the analysis is carried out 
through state-of-the-art software. The outcome of 
such a study can be great learning to transformer 
and substation designers and may also be useful for 
research and development (R&D). 
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1. Introduction
Electrical power is the backbone of national 

development, and reliable operations of substations 
is the demand of the day. Transformers play a key 
role in catering power supply to customers. In a 
switchyard of any station requiring a huge amount 
of power transfer, power transformers are the main 
equipment and maintaining its life is crucial given 
its high cost and functional role. Thus, to ensure 
reliability of power supply to customers, the safe 
running of transformers is a must. Several measures 
are being taken at the operation and maintenance 
level. Even at the design stage, due care is taken on 
this subject. This paper sheds light on engineering 
ideas while tackling issues of designing transformers 
and substations�power s\steP networNs� ,t aOso 
refers to general fault analysis and explores ideas 
on future designs. 

The objective of designing good equipment is to 
have longer life with trouble-free operations. During 
operations, a fault in sub-station or other installation 
causes revenue loss as well as power shutdown, 
causing distress to customers. Every operator aims 
to have the least fault with its installation. Analysis 
oI outaJe�IaiOure heOps power s\steP operators 
improve the system. Such analysis is shared here. 

2. Causes of Power Transformer Failure 
Reasons for power transformer failure may be 

considered due to:
̽ 0anuIacturinJ deIect�
̽ ,Pproper instaOOation and coPPissioninJ�
̽ /acunae in Paintenance�
̽ 6\steP inadeTuac\�

Courtesy: CIGRE Doc 225-6-2003.

Several documents are available worldwide on 
the analysis or study of power transformers failure. 
7he ,nternationaO &ounciO on /arJe (Oectric 6\stePs 
(CIGRE) has published several useful documents. 
As per CIGRE document 225-2003, the transformer 
condition during its life cycle is given in Figure 1, 
wherein its physical normal life cycle is described 
against the routine challenges. A condition-based 
monitoring system can provide an assessment of 
the transformer’s health. In modern complex power 
systems, several factors are to be considered while 
maintaining transformer health. These factors are 
discussed in this paper.

Incidences of immature failure or life reduction 
have been noticed in recent power systems, which 
are a matter of concern for manufacturers as well 
as users. With this in view, of the general causes 
of failure mentioned above, system inadequacy is 
considered in this paper. Adequate power systems 
will help increase the life of power transformers.

System inadequacy may comprise of:  
̽ 1on�operation oI Pain reOa\ �diIIerentiaO reOa\�� 
̽ ,Pproper settinJs oI diIIerentiaO reOa\� 
̽ 1on�operation oI restricted earth IauOt section� 
̽ 1on�operation or Oate operation oI bacN�up reOa\ 

(overcurrent and earth fault). This will affect while 
encountering fault current and the transformer is 
supposed to back up the load feeder relay during 
fault in downstream section(s).

̽ ,Pproper reOa\ coordination in the entire 
switchyard. 

̽  ,nadeTuate earthinJ s\steP�
̽ ,Pproper protection aJainst surJes �direct stroNe 

of lightning and travelling surges).

Figure 1: Transformer Condition During its Life Cycle
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winding insulation and in a moment, one system 
surge transformer failed. However, this was not 
the only reason for failure, but this part supported 
the deterioration of winding insulation. All the 
events of set voltage should have been passed 
on to the maintenance concerned in charge so 
that corrective actions could be taken to restrict 
the over voltage incidences.

̽ ,n a switch\ard� to eYacuate 5( power� two 
������N9 transIorPers were runninJ paraOOeO� 
7he ���N9 side was connected to 5( power� 
7here were two incoPinJ�outJoinJ ��� N9 Oines� 
'urinJ the /* �sinJOe Oine to Jround� IauOt on one 
oI the ��� N9 Oines� the transIorPer Ied the IauOt 
and auto reclosure operation of the line caused 
higher magnitude of temporary over voltage. The 
auto recOosure Ieature oI the reOa\s oI (+9 Oine 
shouOd be seOected�conͤJured with due care� 

3.2. Issues with associated equipment 
The problem with associated equipment of a 

transformer bay may create serious issues with the 
health of power transformers.
̽ ,n a �������N9 transIorPer� the increasinJ trend 

of H2 gas was observed. It is evident that H2 
gas can be due to partial discharge. Detailed 
inYestiJation reYeaOed that the +9 side bushinJ 
CT was shifted from its centre position of turret 
of bushing, which caused partial discharge, and 
hence, H2 gas. Fixing the CT with tie arrangement 
at turret resolved the issue.

̽ $ reYiew oI the disturbance recorder �'5� ͤOe 
Ior a IaiOed �������N9 transIorPer at a Jrid 
substation showed that the U phase pole of 
the /9 side circuit breaNer operated sOuJJishO\� 
resulting in sustained fault current in that phase 
winding.

̽ ,n inYestiJations carried out Ior (+9 cOass power 
transformer cases, it was found that protection 
core of the CT could not provide the knee point 
voltage requirements as per protection relay 
demand, which caused the relay to be non-
operational, thus inviting transformer failure.

̽  ,n soPe cases� the &7 was Iound saturated due 
to one or other reasons, which caused trouble 
with the protection circuit.

�� System &onfiguration�Selection of 
Power System Components 
̽ 3ower s\steP resonance or transIorPer Ierro 

resonance may cause excessive over voltage in 
the system, which may damage the transformer 
winding insulation.

̽ $ stud\ with the heOp oI adYanced soItware 
can reveal the situation and optimum system 
parameters can be achieved through selection of 
proper components (eg, instead of long length of 
power cabOes on /9 side oI the transIorPer� a bus 

̽ 6aturation oI &7 protection core �priPar\ side or 
secondary side). 

̽ ,Pproper seOection oI &7 paraPeters �Nnee point 
voltage, magnetising current). 

̽ 6OuJJish operation oI circuit breaNer�
̽ ,Pproper insuOation coordination oI the 

switchyard.
̽ 5esonance due to s\steP conͤJuration�
̽ 7ransient oYer YoOtaJe �729� conditions and 

harPonic current flow due to iPproper controOOinJ 
or managing the power electronics devices and 
renewable energy (RE) integration.

3. Understanding the Role of Inadequacy of 
Power System Components
3.1. Issues with protection relay(s)

Delayed operations of protection relay cause 
thermal stress on winding conductor and insulation, 
thus reducinJ the OiIe oI transIorPers� 1on�operation 
of relay may cause even transformers to fail. The 
types of incidents noticed are:
̽ 1on�operations oI Pain protection reOa\�
̽ 1on�operation oI 5() eOePent oI the Pain 

protection relay.
̽ 1on�operations oI bacN�up protection reOa\ 

(phase overcurrent and earth over current relays). 
̽ 'eOa\ in operations oI bacN�up protection reOa\�
̽ ,Pproper conͤJuration or settinJs oI Pain 

protection reOa\s Ior incoPinJ (+9 Oine�s�� 
̽ &auses oI PaOoperation oI protection s\stePs 

and consequences thereof.  
 a) Fault in the control and protection circuit.
 b� ,Pproper settinJs and conͤJuration oI reOa\s� 

Findings of case study incidences as below: 
̽ &oordination oI transIorPer reOa\s with respect 

to downstream relays found improper. Every now 
and then downstream feeder fault is cleared 
by transformer relay and with delayed timing. 
Feeder relay may not have functioned properly, 
causinJ IauOts reflected in transIorPer windinJ 
for longer periods.

̽ ,n a ������N9 transIorPer� iPproper 
conͤJuration or settinJs in the diIIerentiaO reOa\ ̰  
second and ͤIth harPonic current bOocNinJ was 
found improper, which caused delay in tripping of 
differential relay (as the fault current also had the 
second or ͤIth harPonic coPponent settinJs� 
causing the blocking of relay operations for a 
longer time). 

̽ ,n a ������N9 transIorPer instaOOed in a 
switch\ard to eYacuate 5( power� the oYer flu[ 
element of differential relay was disregarded. 
Repetitive over-voltage incidences were recorded 
in event recorder during transformer operations 
Ior Pore than one \ear� 7rippinJ oI oYer flu[ 
relay was disabled, which caused stress on the 
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duct would be more suitable).
̽ $n inadeTuate earthinJ s\steP can cause 

e[cessiYe Jround potentiaO rise �*35�� which Pa\ 
lead to repeated over voltage conditions faced 
by transformer windings. In certain instances, 
this resuOted in the IaiOure oI the ���N9 cabOe 
termination installed within the cable box on the 
secondar\ side oI a ������N9 transIorPer at a 
grid substation, thereby affecting transformer 
parts like bushings, studs, etc.

̽ ,nadeTuate earthinJ s\stePs aOso cause poor 
performance of power system protection, leading 
to equipment failure.

̽ ,nadeTuate surJe protection s\stePs can 
cause excessive residual voltage during surge 
suppression, which can cause winding insulation 
failure. A proper insulation coordination study is 
required for the entire switchyard and associated 
systems such as overhead lines and cables 
connected to it.

̽ $ proper earthinJ s\steP pOa\s a Ne\ roOe in 
insulation coordination and selection of surge 
protective devices.

̽ ,n one oI the studies carried out� it was Iound 
that inadequate selection of surge arresters 
oI transIorPer ba\ oI a �������N9 power 
transformer installed at a switchyard to evacuate 
RE power caused excessive residual voltage 
appearinJ at +9 windinJ� resuOtinJ in transIorPer 
failure.

̽ ,n the case oI Jas insuOated switchJear �*,6� 
substations, very fast transient over voltage 
�9)72� pOa\s a YitaO roOe in oYer YoOtaJe� which 
can affect transformer winding. A comprehensive 
study utilising advanced software and expert 
guidance can be conducted to accurately assess 
the extent of the issue, after which appropriate 
remedial measures can be implemented.  

5. Lacunae on Maintenance
Many a times, poor erection commissioning 

and lacunae on maintenance can cause power 
transformers to have a reduced life.
̽ (rection� testinJ and coPPissioninJ shouOd be 

carried out as per the quality plan.
̽ ,Pproper tiJhtness oI the Moints� oiO seaOs part 

may cause moisture ingress into the transformer, 
and over time, cause deterioration of insulation 
property of the paper.

̽ 6iOica JeO in the breather chanJes coOour when 
affected by heavy atmosphere moisture and 
sustained with the same material, it will cause 
the moisture to enter the body of the transformer, 
resulting in damage to oil and paper insulation. 
Regular reconditioning or replacement of silica 
gel should be the practice to safeguard against 
this danger.

̽ 2iO shouOd be reJuOarO\ tested Ior eOectricaO 

breakdown strength and water content. When 
necessar\� ͤOteration or other rePediaO Peasures 
must be taken.

̽ 2ther reJuOar tests shouOd be carried out as per 
the ͤOed TuaOit\ pOan �)43��

̽ $ condition PonitorinJ s\steP Pa\ OarJeO\ 
help in health assessment, for eg, temperature 
distribution measurement may give an abnormal 
rise of top oil temperature, which indicates 
poor oil circulation that may be due to low 
location of outlet pipe (production defect). A 
decrease found in inlet outlet temperature may 
indicate a reduction of cooling capacity due 
to contamination. An increase in no-load loss 
and load loss may indicate that the problem 
is associated with Pain flu[ and stra\ flu[� 
respectively. The dissolve gas analysis (DGA) 
wiOO proYide seYeraO ͤndinJs on deYeOopPent 
of abnormalities within the transformers. 
7iPeO\ actions on the ͤndinJ Pa\ increase 
life expectancy, reduce abrupt outage, or even 
prevent premature failure.

6. Recommendations and Conclusions
̽ )or PanuIacturinJ transIorPers� Jood TuaOit\ 

material should be used to meet the design 
parameters.

̽ )or e[aPpOe� the use oI continuousO\ transposed 
conductor with epoxy bonding (CTCE) may be 
implemented looking at the system requirements.

̽ 7ransIorPers shouOd be coPPissioned under 
the supervision of experienced personnels of the 
manufacturers.

̽ $ weOO�docuPented operation and Paintenance 
manual should be given to the customer by the 
manufacturer, wherein proper guidelines to follow 
maintenance schedules should be mentioned.

̽ $OO eTuipPent shouOd be seOected with proper 
system study.

̽ $OO protectiYe reOa\s shouOd be coordinated with 
downstreaP reOa\s and be properO\ conͤJured 
with the required parameters and settings.

̽ $t the tiPe oI transIorPer coPPissioninJ� an 
insulation coordination study should be ensured. 
Accordingly, spacing of surge arresters from 
transformer bushings, its jumper length, risers to 
the earthing systems, should be maintained.

̽ 6tud\ oI 9)72 shouOd aOso be part oI the TuaOit\ 
plan at the time of erection in case of GIS.

̽ 2peration oI aOO reOa\s and its JradinJ with 
respect to current and time should be thoroughly 
checked on a regular basis. Checking of control 
circuitry should also be part of this maintenance 
schedule.

̽ ,nitiaO siJnature docuPents OiNe sweep IreTuenc\ 
resonance analysis (SFRA), DGA and all site 
acceptance tests should be preserved at the 
oͦce oI Paintenance in charJe and serYice 
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department of the transformer manufacturer.
̽ $t reJuOar interYaOs� Oow YoOtaJe �/9� �routine� 

tests, routine oil tests, DGA, tan delta of winding 
and bushing should be carried out and studied for 
variation noticed of any outside tolerable limits, 
and accordingly, remedial measures should be 
taken.

̽ '\naPic contact resistance PeasurePent 
�'&50� test oI on Ooad tap chanJer �2/7&� 
should be carried out in consultation with the 
PanuIacturer oI the 2/7&�

̽ $t reJuOar interYaOs� '&50 test oI the (+9 circuit 
breaker should be performed in consultation with 
the manufacturer of the CB.

̽ $deTuac\ oI earthinJ and surJe protection 
systems should be checked at regular intervals 
�at Oeast once in ͤYe \ears oI switch\ard 
operation).

̽ ,ncrease in short circuit OeYeO oI the power s\steP 
networN� 729 due to Yarious s\steP coPponents 
and complexity, and harmonics due to large scale 
RE power dumping into the system, among other 
points shouOd be speciͤcaOO\ checNed durinJ the 
adequacy study.

̽ (IIects oI operation oI auto recOosure�s�� Yarious 
729� resonance eIIects� aPonJ others� due to 
changes in power systems should be reviewed, 
especially where large power transformers are 
installed.

̽ &ondition�based PonitorinJ s\steP Pa\ be 
adopted whereYer Iound suitabOe and beneͤciaO�

̽ 5eJuOar anaO\sis oI the ͤndinJs oI studies�tests�
monitoring should be conducted, and remedial 

measures should be taken to enhance the life of 
transformers.
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Setting New Benchmarks
V-MARC India Limited stands among India’s 

most trusted and fastest growing wire and 
cable manufacturing companies. With a 

strong presence across 24+ states, the company has 
established a robust distribution network that brings 
world-class electrical solutions to households, 
industries, and infrastructure projects across the 
country.

,n ����� under 9iNas *arJ̵s Yisionar\ Oeadership� 
the coPpan\ estabOished its Iactor\ at 6,'&8/� 
+aridwar� %\ ����� the product ranJe had e[panded 
to incOude /7 39& and ;/3( cabOes� Iurther soOidiI\inJ 

the company’s market position. April 2021 marked 
a siJniͤcant PiOestone with the coPpan\̵s ,32 
launch. 

9�0$5& is aPonJ the Iew in ,ndia to adopt 
eOectron beaP �e%eaP� technoOoJ\ ̰ a cuttinJ�edJe 
process that enhances the strength, durability, and 
heat-resistance of cables. 

Backed by visionary leadership and a culture 
of innovation, the company continues to set  
new benchmarks in India’s electrical industry  
while expanding its footprint in India and global 
markets.
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This article by Alok Mishra, Market Area Manager-Power Grid, DNV, 
explores the emerging trends, challenges, and innovations defining the 
future of energy. It offers insights into evolving global trade dynamics, 
the strategic role of energy security, and the rapid digitalisation of 
power systems.

Shaping the Future of
Global Green Energy

The global energy landscape is undergoing a 
profound transformation, driven by the twin 
imperatives of sustainability and security. As 

the world navigates this transition, the interplay of 
trade, digitalisation, and geopolitical stability has 
become more critical than ever. The need for 
resilient supply chains, accelerated renewable 
energy adoption, and smarter grid infrastructure is 
shaping policies and investments worldwide.

This article explores the emerging trends, 
chaOOenJes� and innoYations deͤninJ the Iuture 
of energy. It offers insights into evolving global 

trade dynamics, the strategic role of 
energy security, and the rapid 
digitalisation of power systems. 
From reshoring supply chains to 
OeYeraJinJ artiͤciaO inteOOiJence 
(AI) in grid operations, the energy 
transition is not just about 
technology – it is about foresight 
and collaboration.

Global Trade, Energy 
Security, and the Future of 
Supply Chains

Historical context
Since World War II, global trade 

has expanded nearly fourfold as a 
share of GDP, enabled by technological 

advancements and relative geopolitical 
stability. The past three decades of trade 

liberalisation, particularly after the Cold 
War and China’s integration into the global 

economy, propelled international commerce. 
Industries optimised value chains to maximise 

eͦcienc\� resuOtinJ in Oower consuPer prices and 
improved living standards, particularly in Asia and 
Latin America.
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However, this era of seamless globalisation 
is IraJPentinJ� 6ince the ���� ͤnanciaO crisis� 
trade growth has slowed. The COVID-19 pandemic 
exposed vulnerabilities in global supply chains, 
while the Russia-Ukraine war underscored the 
geopolitical risks of overreliance on a few suppliers. 
1ations are now rebaOancinJ IroP eͦcienc\�driYen 
models to resilience-focused strategies.

Key trends in energy security
1. Energy as a national security priority
 Reliable, affordable energy access has become 

central to economic security. Nations are 
prioritising local energy production and reducing 
reliance on volatile international markets.

2. Volatile prices and market instability
 7he 8Nraine conflict triJJered unprecedented 

price spikes. Wealthier nations outbid others 
Ior OiTuiͤed naturaO Jas �/1*�� whiOe soPe 
developing economies reverted to coal to 
maintain energy security.

3. Strategic infrastructure investments
 Governments are investing in renewable energy 

(RE), storage, and smart grids, while simultaneously 
expanding fossil fuel infrastructure to address 
immediate supply gaps.

4. Reshaping global supply chains
 Rare earth metals, lithium, semiconductors, 

and steel disruptions are leading to reshoring 
(domestic manufacturing) and friendshoring 
(supply from allied nations).

5. Securing green energy supply chains
 Nations are seeking local production of lithium, 

cobalt, and rare earths essential for renewable 
technologies, although this raises costs in the 
short term.

6. Nuclear energy resurgence
 Nuclear power is regaining traction as a stable 

option, with some nations extending plant 
lifespans and others pursuing new projects 
despite safety, cost, and waste concerns.

7. Social and economic pushback
 ,nflationar\ pressures haYe caused pubOic 

dissatisfaction in some regions, leading 
governments to balance affordability against 
decarbonisation targets.

Geopolitical Risks and Energy Security
1. Supply chain vulnerabilities: Lessons from 

COVID-19
 Overdependence on concentrated suppliers, 

logistical bottlenecks, and raw material 
shortaJes inflated 5( costs� *oYernPents now 
pursue localised production and stockpiling.

2. Energy weaponisation: Russia and Europe
 Russia’s use of gas exports as leverage 

transformed Europe’s energy strategy, 
accelerating LNG imports, renewable projects, 
and nuclear reconsideration.

3. US-China rivalry
 Trade restrictions on semiconductors, solar 

panels, and rare earths are reshaping supply 
chains� 7his riYaOr\ is pushinJ diYersiͤcation 
into India, Vietnam, and other Asian markets.

4. Reshoring and manufacturing
 Major economies are funding domestic solar, 

battery, and semiconductor industries to 
mitigate geopolitical risks, although short-term 
costs remain high.

The Economics of Reshoring Energy 
Manufacturing

The economics of reshoring energy 
manufacturing highlight a trade-off between 
short-term costs and long-term resilience. 
While reshoring reduces dependency on foreign 
suppliers, it initially raises expenses as Western 
nations contend with higher wages, stricter 

reJuOations� and siJniͤcant capitaO reTuirePents� 
Governments are responding with subsidies and 
tax incentives to ease the transition. Between 
2024 and 2030, costs are expected to rise by up to 
10 percent due to capital expenditure surges and 
suppO\ chain ineͦciencies� )roP ���� to ����� 
costs should stabilise as economies of scale are 
realised and supply chains mature. Beyond 2045, 
reshored industries are projected to achieve 
global competitiveness through technological 
breakthroughs and advanced manufacturing. 
Ultimately, this shift will strengthen energy security, 
create jobs, and reduce vulnerability to geopolitical 
shocks, laying the foundation for a more resilient 
and independent energy future.

Solving the Energy Trilemma: Security, 
Affordability, and Sustainability

7he ̸enerJ\ triOePPa̹ reflects the chaOOenJe 
of achieving a delicate balance between three 
interdependent priorities: security, which ensures 
uninterrupted and reliable energy supply; 

The global energy transition  
demands a careful balance between 

security, affordability, and sustainability, 
while adapting to ongoing geopolitical, 

economic, and technological 
disruptions.
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connectivity efforts are likely to raise costs, even 
as eͦcienc\ iPproYePents create oIIsettinJ Jains� 
Beyond infrastructure, electricity prices will also be 
shaped by taxation and subsidies, volatility in fuel 
prices (with coal still a major factor for India), cross-
subsidies and state-level regulatory frameworks, 
as well as persistent transmission and distribution 
(T&D) losses and theft. Navigating these pressures 
will require India to prioritise smart grids, foster 
reJionaO coordination� strenJthen ͤnancinJ 
mechanisms, and implement tariff reforms that 
balance affordability with sustainability.

Offshore Wind in India: Potential and 
Challenges

With its 7,600 km coastline, India holds immense 
potential for offshore wind energy, supported 
by policies such as the National Offshore Wind 
Energy Policy (2015), the Lease Rules (2023), 
and the Viability Gap Funding (VGF) scheme, 
which toJether proYide a reJuOator\ and ͤnanciaO 
framework for development. Offshore wind offers 
PuOtipOe beneͤts� it can reduce dependence on IueO 
imports, help India achieve its nationally determined 
contributions (NDCs) and renewable energy targets, 
create jobs and stimulate ancillary industries, drive 
indigenous technology development, and provide 
a strong basis for green hydrogen production. 
However, the sector faces several challenges, 
incOudinJ hiJh capitaO costs and ͤnancinJ hurdOes� 
deep-sea installation complexities, inadequate port 
and vessel infrastructure, intermittency and grid 
integration issues, environmental sensitivities in 
marine ecosystems, limited domestic expertise, and 
regulatory uncertainties. Addressing these hurdles 
will require international partnerships for knowledge 
transfer, focused research and development (R&D) 
and sNiOO�buiOdinJ proJraPPes� siJniͤcant port 
infrastructure development, streamlined regulatory 
processes� and weOO�desiJned ͤnanciaO incentiYes 
and risk mitigation frameworks to attract private 
investment and ensure long-term sustainability.

Digitalisation and Artificial Intelligence �AI�� 
Revolutionising the Power Sector

Digitalisation and AI are revolutionising the 
power sector, with technologies like AI, Internet 
of Things (IoT), and Big Data enabling real-time 
monitoring, predictive maintenance, and optimised 
asset management. A key distinction lies between 
Generative AI, which enhances productivity, 
customer service, and design optimisation but 
suffers from reliability issues, and Discriminative 
AI, which is already widely deployed for forecasting, 
predictive maintenance, and anomaly detection, 
offering greater reliability and explainability. Across 

affordability, which guarantees cost-effective 
access for households and businesses; and 
sustainability, which drives the transition toward 
low-carbon, environmentally friendly solutions. 
Trade-offs are inevitable – reliance on fossil fuels 
may strengthen short-term security but undermine 
long-term climate goals, while subsidies can ease 
affordability pressures yet delay much-needed 
investment in clean technologies. Addressing 
the trilemma requires a multi-pronged strategy: 
diversifying energy sources, strengthening storage 
systems, and deploying microgrids to enhance 
securit\� proPotinJ eͦcienc\� transparent 
markets, and well-targeted subsidies to maintain 
affordability; and accelerating renewable energy 
deployment, introducing carbon pricing, and 
advancing circular economy practices to ensure 
sustainability.

Grid Charges and the Future Cost of Electricity
Rising grid investments

By 2050, grid expenditures are projected to 
account for more than a quarter of total energy 
spending, driven by the dual need to expand 
access, integrate large-scale renewables, and 
modernise ageing infrastructure. The regional 
iPpacts wiOO Yar\ siJniͤcantO\� 6ub�6aharan $Irica 
and Latin America are expected to face higher 
grid charges due to extensive new infrastructure 
requirements, while Europe and much of Asia may 
beneͤt IroP econoPies oI scaOe� resuOtinJ in stabOe 
or even declining costs. For India, the outlook is 
mixed – rapid renewable integration and last-mile 
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the sector, AI is being applied in grid forecasting 
and fle[ibiOit\ PanaJePent� predictiYe transIorPer 
maintenance, demand-response optimisation, 
and smart metering with peer-to-peer trading. 
Best practices for digital interventions include 
the use of Digital Twins to create real-time virtual 
replicas of assets, Augmented Reality (AR) for 
technician support and training, Virtual Reality 
(VR) for immersive training and scenario planning, 
and drones for asset inspection and monitoring. 
Together, these digital tools are enabling a more 
eͦcient� resiOient� and inteOOiJent power s\steP�

Conclusion: A Strategic Path Forward
The global energy transition demands a 

careful balance between security, affordability, 
and sustainability, while adapting to ongoing 
geopolitical, economic, and technological 
disruptions. Energy security is now closely linked 
to OocaO production� diYersiͤed suppO\ chains� 
and stronger resilience strategies. Although 
reshoring increases costs in the short term, it 
ultimately strengthens independence and long-
term competitiveness. Grid modernisation will 
be essential to unlock the full potential of RE, 
particularly in India, while offshore wind could 

become a game-changer for the nation’s climate 
and energy security ambitions if infrastructure and 
ͤnancinJ chaOOenJes are eIIectiYeO\ addressed� 
At the same time, digitalisation and AI are set to 
transIorP power s\stePs� enhancinJ eͦcienc\� 
resilience, and innovation. By 2045, decentralised, 
resilient, and geopolitically secure energy systems 
are expected to dominate, positioning the world on 
a pathway to a sustainable and inclusive future.
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The Complex Chemistry 
and Engineering Behind 
EV Batteries

In an EV, the battery is the major and central power source that drives the 
traction motors responsible for vehicle movement. This technical paper, 
with its contents organised into four distinct parts, provides a detailed 
exploration of EV batteries. In Part-1, SV Varadarajan, Retired Technical 
Director, M. N. Dastur and Company (Pvt) Ltd, Chennai, focuses on 
aspects such as environmental benefits of EV batteries, challenges caused 
to the environment, difference between Li-ion batteries in EV and grid 
supporting applications, reasons for adoption of Li-ion batteries over lead-
acid batteries in EV, general features of a Li-ion battery, the proliferation of 
Li-ion batteries and basic type of battery cells.
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Electric vehicles (EV) powered by Lithium-ion 
(Li-ion) batteries have emerged as a matchless 
alternative to conventional vehicles with 

internal combustion engine (IC) technology, promising 
to transform the automotive markets. This has been 
made possible by a single product, namely, the Li-ion 
EV battery. In fact, new advances have made the 
Li-ion batteries a huge ‘disruptor’ (gamechanger, 
innovator, and catalyst for positive change) of 
technology in the transportation sector as well as in 
the power grids as battery energy storage systems 
(BESS). The development and integration of advanced 
EV battery technologies have become central and 
most crucial in unshackling the true potential of EV, 
overcoming various formidable obstacles and 
addressing the complex issues related to range, 
performance, and ecological consequences. 

The chemistry and engineering behind an EV 
battery is complex. In an EV, the battery is the major 
and central power source that drives the traction 
motors responsible for vehicle movement. It is the 
nucleus of EV, storing and delivering the electrical 
energy needed for starting, accelerating, and braking 
or decelerating. The battery’s energy density and 
capacity determine vital parameters such as range, 
acceOeration� and custoPer̵s conͤdence� resuOtinJ 
in enhanced driving experience. For EV, the electrical 
battery is equivalent to the ICE in a traditional 
vehicle. Both are principal energy providers for 
vehicle dynamics. Both are the most expensive parts 
of a vehicle and both are the heaviest single piece of 
equipment in their respective vehicles. 

Government incentives for EV batteries in India 
include the following:
̽ 7he )aster $doption and 0anuIacturinJ oI 

+\brid and (Oectric 9ehicOes �)$0(� schePe� 
which provides subsidies per kilowatt hour (kWh) 
for vehicles like electric cars and buses by the 
Union Government, apart from subsidies given at 
the state level.

̽ 7he 8nion *oYernPent oIIers custoPs dut\ 
exemptions on critical battery inputs, such as Li-
ion waste and nickel compounds.

̽ 3roduction�OinNed incentiYes �3/,� Ior 
adYanced chePistr\ ceOO �$&&� batter\ storaJe 
manufacturers. 
3erhaps this is the appropriate tiPe Ior new 

entrepreneurs to enter this rapidly growing 
PanuIacturinJ ͤeOd� $ Iew estabOished autoPobiOe 
manufacturing companies in the country have 
already initiated actions to manufacture EV 
batteries. In course of time, more manufacturers are 
expected to join this group to start manufacturing 
plants either on their own or as joint ventures (JVs) 
with promising start-ups.

This paper provides a detailed exploration of 
EV batteries, with its contents organised into four 

distinct parts� ,n 3art��� the Iocus is on aspects such 
as enYironPentaO beneͤts oI (9 batter\� chaOOenJes 
caused to the environment, difference between Li-
ion batteries in EV and grid supporting applications, 
reasons for adoption of Li-ion batteries over lead-
acid batteries in EV, general features of a Li-ion 
battery, the proliferation of Li-ion batteries and basic 
type of battery cells (part).

3arts��� � and � oI this paper �to IoOOow in the 
coming editions) will explore basic types of battery 
cells, international battery day, discovery of Lithium 
in the earO\ ��th century, importance of electrolyte in 
Li-ion battery, and popular types of Li-ion batteries 
used in today’s EV, comparison of the main types 
of batteries, key minerals in a typical Li-ion battery, 

manufacturers of Lithium-ion batteries in India, 
sodium-ion batteries, solid-state batteries, various 
conIorPit\ batter\ standards
� $utoPotiYe ,ndustr\ 
6tandards &oPPittee� testinJ� certiͤcation
 and 
standardisation of batteries, The International 
&entre Ior $utoPotiYe 7echnoOoJ\� $utoPotiYe 
Industry Standards, the role of interconnects in EV 
battery pack, the importance of adhesives in battery 
assePbO\� siJniͤcance oI therPaO interIace PateriaOs� 
battery management system and commercially 
available software for EV battery designs. 

*There are separate conformity standards and 
separate rigorous testing standards for EV batteries, 
considering their complex chemistry and construction 
besides paramount importance to passenger safety.

1. Placement of the Battery in EVs
In most passenger EVs, the large and heavy  

Li-ion battery pack (assembled out of many small 
battery cells) is located at the bottom of the vehicle 
floor pan� IorPinJ a wide� flat structure that Oowers 
the vehicle’s center of gravity for better stability 
and also maximises interior space. This is generally 
terPed as floor�Pounted batter\ architecture� 7his 
placement contributes to a more stable and balanced 
ride, as well as providing structural reinforcement 
to the vehicle’s chassis. In some cases, the battery 

The development and integration of 
advanced EV battery technologies 

have become central and most crucial 
in unshackling the true potential of 
EV, overcoming various formidable 

obstacles and addressing the complex 
issues related to range, performance, 

and ecological consequences.
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‘Electrobat’ was used as a New York Taxi, with a top 
speed oI �� Pph and a ranJe oI �� PiOes� ,n ����� 
the rocket shaped ‘La Jamais Contente’, with speed 
Pore than ��� Nph was buiOt and driYen b\ %eOJian 
electrical engineer Camille Jenatzy. However, the 
discovery of vast amounts of oil at the turn of the 
century sparked the transition to ICEs. In addition 
to this surge, Henry Ford pioneered the mass 
production of cars on assembly lines and developed 
the aIIordabOe 0odeO 7� which practicaOO\ shut the 
advancement in EV. This trend continued until the 
��s and ��s� /ater� a series oI oiO crises occurred� 

Gradually, battery technology improved along 
with growing environmental consciousness, 
which enabOed the ParNet Ior (9s to flourish�. The 
‘Lovebird’, manufactured by Eddy Current Controls 
in ����� is considered as ,ndia̵s ͤrst eOectric car� 
although it did not achieve commercial success. It 
was IoOOowed b\ ̴5eYa̵ in ����� a IaPous two�seater� 
Rechargeable batteries for storing electricity for EVs 
were Pade possibOe in ����� with the inYention oI 
the lead-acid battery by French physicist Gaston 
3Oant«� ,n ����� )rench scientist &aPiOOe $Ophonse 
Faure contributed to the large improvement in its 
designs, which led to an increase in the capacity and 
enabOed proͤtabOe production on a OarJe scaOe�.

�� Environmental Benefits of EV Batteries
EV batteries play a pivotal role in achieving 

sustainable and eco-friendly emission-free 
transportation, which is the call of the day in 
reducing environmental degradation. In this context, 
(9 batteries oIIer seYeraO beneͤts� as discussed 
below:

3.1. Reduction in greenhouse gas (GHG) emission
The use of fossil fuels in power plants and in 

various transportation systems, including aviation, 
agriculture activities and various industrial 
processes, are some of the factors that generate 

packs are kept below the boot too. In larger vehicles 
like buses or commercial trucks, multiple battery 
packs may be distributed throughout the chassis, 
including the front, rear, sides, or even roof. Refer to 
,PaJe � and ,PaJe �� 

There is also another concept known as structural 
battery, where the battery itself is designed to serve 
a dual purpose, acting as both an energy storage 
device and as a load-bearing structural component. 
The battery pack is designed to not only store 
energy but also to contribute to the overall strength 
and stiffness of the vehicle’s frame, often using 
PateriaOs OiNe carbon ͤber� 

Weight comparison: $n (9 �as oI now� is JeneraOO\ 
heavier than a comparable ICE vehicle because of 
the large and heavy battery pack. For example, a 
sPaOO (9 is t\picaOO\ about ����� percent heaYier 
than a small ICE car, and a larger EV can weigh 
several hundred kilograms more than its gasoline-
powered equivalent. The weight of the battery makes 
EV heavier. In small cars, the weight difference is 
substantial and this difference reduces when the 
model becomes large.

2. EV Predated the Advent of Internal 
Combustion-Based Vehicles

History says the EV was invented before 
traditional vehicles with ICE technology. The earliest 
patents related to EVs predate the German designer 
Karl Benz’s work on gasoline engine-based vehicles 
b\ Pan\ \ears� 6cottish inYentor 5obert $nderson 
reportedO\ inYented an eOectric carriaJe in the ����s� 
and $Perican inYentor 7hoPas 'aYenport patented 
a batter\�powered car in ����� %en] appOied Ior a 
patent Ior ̴%en] � 3atent � 0otorwaJen̵ onO\ in the 
\ear ����� 7his three�wheeOed YehicOe is wideO\ 
considered the worOd̵s ͤrst practicaO autoPobiOe� 
and it ran on gasoline.

Over the next decade, electric cars started to 
operate in Germany and then in the US, where the 

Image 1: Li-ion Battery Pack Placed  
at the Vehicle’s Floor

Image 2: Li-ion Battery Pack Placed in  
the Boot Area

Image courtesy: Reference 1. Image courtesy: Reference 2.
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greenhouse gases. Traditional transport, which 
employ ICEs, contribute substantially to air pollution 
through their tail pipe emissions. On the other hand, 
the battery powered EVs produce zero tail pipe 
emission* during its operation, leading to a cleaner 
atmosphere�. 

*Emissions generated during the process 
of manufacturing batteries as well as during 
manufacturing of EVs with its sub-systems have not 
been considered here.

3.2. Conservation of fossil fuels
)ossiO IueO reserYes are ͤnite and need to be 

conserved for future exigencies. In this context, EV 
batteries will reduce the consumption of diesel and 
petrol derived from crude oil, reduce dependence on 
the ͤnite IossiO IueO resources� and saYe theP Ior 
future emergencies. 

3.3. Potential for grid charging
9ehicOe�to�Jrid �9�*� technoOoJies PaNe it 

possible for EVs to upload electricity to the power 
grid. This helps the grid in times of peak load as 
weOO in baOancinJ the outflows Ys inflows oI enerJ\� 
'ue to the increasinJ nuPber oI (9s� the Jrid Jets 
distributed energy sources, which will enable grid 
stability. The energy from EVs can be used to feed 
other consumers or to charge grid support batteries 
at various geographical locations.

 
3.4. Reduction in noise pollution

EVs are driven by electric motors, which are a 
Oot Tuieter than ,&(s� 1oise is reduced� $Oso� there 
is less emission of heat in an EV when compared 
with an ICE. While EV batteries do emit heat, they are 
absorbed by large cooling plates and cooling fans. 

3.5. Integration of more renewable power into utility 
grids

There has been a long-standing view that 
although EV batteries reduce air pollution locally 
at the vehicle level, they cannot reduce pollution 
caused by fossil fuel-driven power plants, which 
ultimately produce the energy required for charging 
EV batteries. To address this anomaly and also to 
reap the IuOO beneͤts oI ePission�Iree (9s� the utiOit\ 
power grid must be transformed into a green grid, 
increasing the share of renewable sources while 
at the same time phasing out fossil fuel-based 
sources. Thus, the spread of EV necessitates the 
integration of more renewable power into the grid 
infrastructure.

���� +igher energy e̪ciency
In an EV, major components include a battery, an 

inYerter� and traction Potors� $OO these coPponents 
are Nnown Ior their hiJher enerJ\ eͦcienc\� 7his 
increased eͦcienc\ OeYeO reduces enerJ\ wastaJe 

and guarantees energy optimisation – an important 
green environment requirement. 

4. Environment Challenges
0anuIacturinJ (9 batteries is coPpOe[ and 

dePandinJ� as Pan\ enYironPentaO issues e[ist� $n 
EV battery is like a coin having two faces – on the 
‘head’ side, its operation creates clean energy but on 
the ‘tail’ side, its manufacture creates environmental 
deterioration� 7hese are discussed briefl\�:

4.1. Raw material extraction
Lithium (Li), Cobalt (Co), and Nickel (Ni) are 

some major critical earth minerals* required for 
manufacturing Li-ion batteries. Their extraction and 
processing involve environmentally detrimental 
practices. These include but are not limited to loss 
and degradation of habitat, endangering resident 
species, land downgrading, deforestation, use of 
scarce water sources, application of heavy acids, 
poor or absent treatPent oI eͧuents� 

*Li, Co, and Ni are not rare earth minerals, which 
specifically refers to the 15 elements in the lanthanide 
series, with addition of Scandium and yttrium, which 
are vital in defense and industrial applications.

4.2. Energy-intensive manufacturing
The estimated gate-to-gate energy use, GHG 

ePissions� water consuPption� and 1�Peth\O���
p\rroOidone �103� consuPption �used as soOYent 
in battery manufacture) were found in a study 
conducted in factories manufacturing EV batteries 
and the saPe are JiYen here� �i� $round ����� N:h 
energy was consumed per kilowatt hour (kWh) of 
battery capacity. (ii) GHG emissions were around 
�� NJ&2� eT per N:h oI ceOO production� �iii� :ater 
consumption varied considerably among factories, 
IroP �� Oitre per N:h to �� Oitre per N:h� �iY� 7he 
speciͤc consuPption oI 103 was Iound around 
��������� NJ per N:h oI ceOO production�� ,t Pa\ be 
obserYed that the aboYe ͤndinJs cast a shadow 
on the enYironPentaO beneͤts Jained durinJ the 
operation of batteries in EVs.

4.3. Battery recycling efforts
̽ 5ec\cOinJ (9 batteries is criticaO to reducinJ 

environmental impact and recovering valuable 
materials. Traditional recycling methods 
involve shredding batteries and using chemical 
processes to separate the components. 
However, innovative approaches are improving 
eͦcienc\ and sustainabiOit\� 0odern Pethods 
concentrate on recovering a higher percentage 
of valuable and scarce materials, including Li, Co, 
1i� and 0anJanese� 7hese adYanced Pethods 
not only reduce the environmental footprint 
of battery production but also lower costs 
by reintroducing recycled materials into the 
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supply chain. Engineering companies are also 
exploring ‘direct recycling’, which aims to recover 
battery materials in a form that can be directly 
reused in new batteries, further enhancing the 
sustainability of the EV battery industry���.

̽ 5ec\cOinJ heOps in recoYerinJ PateriaOs IroP 
used EV batteries to be reused in new batteries 
or other applications. This process is crucial 
for sustainability, reducing environmental 
impact, and conserving valuable resources. 
Recycling methods include mechanical, hydro-
metallurgical, and pyro-metallurgical processes, 
with the potentiaO to recoYer oYer �� percent 
of materials like Li, Co, and Ni. EV batteries are 
also re-purposed to be used in applications such 
as fork-lifts and in clean energy systems or as 
grid supporting batteries. EV batteries are very 
hard to recycle, but some of their components, 
especially Ni and Co, are valuable – which pays 
back investments.

̽ 2ne iPportant chaOOenJe is to aYoid ͤres when 
batteries are in the process of dismantling. 
To avoid this, batteries are to be cautiously 
discharged before starting any work. Old or 
broNen /i�ion batteries can catch ͤre� which adds 
to the danger of stockpiling them for disposal. 
This calls for proper storage with ventilation.

̽ ,n Pan\ instances� it is easier to reuse the 
batteries� instead oI rec\cOinJ� $n oOder (9 batter\ 
may no longer be useful for long-distance driving 
but could still have enough storage capacity to 
ͤnd a second OiIe in an eOectric sub�station� 

̽ 3reYention is better than cure � charJinJ Pethods 
become the cue: The life of batteries can be 
prolonged with careful usage. This prevents 
their earO\ deJradation� 'irect current �'&� Iast 
charging, which can replenish an EV battery 
much quicker than standard alternating current 
�$&� charJinJ� is deͤniteO\ conYenient Ior the 
EV owner but at the same time it affects battery 
health. Frequent fast charging can generate 
more heat and stress battery cells, potentially 
accelerating degradation, leading to replacement 
oI batteries� $& charJinJ is sOower� JentOer on the 
battery, more cost-effective, and ideal for home 
and workplace use over extended periods. 

̽ 0itiJatinJ daPaJe� 7o PiniPise the iPpact oI 
fast charging, many EV use advanced thermal 
management systems and adaptive charging 
algorithms. These technologies help maintain 
optimal temperatures and adjust charging rates 
based on the battery’s condition and usage 
patterns. 

̽ 6Part charJinJ practices proOonJ the OiIe� (9 
owners can also adopt smart charging habits, 
such as using fast charging primarily for long 
trips or emergencies and relying on slower, regular 
charging for daily use. Limiting fast charging 
sessions to about �� percent capacit\ can 

further reduce stress on battery cells and extend 
their OiIespan� $& charJinJ Pust be prioritised Ior 
routine charging to minimise stress on batteries. 
(9 batteries are desiJned to underJo '& Iast 
charging safely, due to integrated thermal 
management systems (provided in the battery 
PanaJePent s\steP >%06@� discussed in the 
later part of this paper), which regulate heat by 
controlling the charging current. 

4.4. Second-life applications for EV batteries
:hen an (9 batter\̵s capacit\ drops beOow ���

�� percent� it Pa\ no OonJer be suitabOe Ior YehicOe 
use but can still be valuable in other settings. These 
used batteries can be repurposed for energy storage 
systems, extending their usefulness and minimising 
waste��
̽ 5esidentiaO and coPPerciaO enerJ\ storaJe� 

Second-life EV batteries can store energy from 
renewable sources such as solar or wind, making 
it available during peak demand periods. This 
application helps smooth out energy supply 
and demand, supporting a more stable and 
sustainable grid.

̽ *rid storaJe proMects� $utoPotiYe coPpanies 
and tech startups are exploring the integration 
of second-life EV batteries into larger grid 
storage systems. These batteries can store 
excess energy generated during off-peak times 
and release it when needed, enhancing grid 
reliability and facilitating the broader adoption of 
renewable energy (RE). (A few years back, Nissan 
Motor Corporation experimented with this idea 
by using new and old batteries from their Leaf EV 
model to power a soccer stadium. But the prior [and 
most critical] condition for such applications is the 
knowledge about the state of the batteries’ health.)

5. Difference Between Li-ion Batteries in EV 
and in Grid Supporting Applications8.1 to 8.4

Li-ion batteries are the lifeline of EVs and an 
increasingly vital component of modern power grids. 
Electrical battery storage plays an outstanding 
pivotal role in the stability of the grid, driven by 
renewable sources. In fact, in India, every tender for 
suppO\ and instaOOation oI photoYoOtaic �39� soOar 
power plants also includes proportionally rated 
battery systems for grid support. EV batteries and 
grid supporting batteries, both use Li-ion technology, 
but they have different performance requirements 
and applications. EV batteries prioritise high energy 
density for range and acceleration while grid 
batteries focus on cost, longevity, and power delivery 
for grid stability and RE integration. Grid supporting 
batteries are needed for storing excess energy 
from renewable sources, providing backup power, 
and supporting grid stability through frequency 
regulation, peak shaving, and black starting. 
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6. Characteristics of EV Batteries and Grid-
Connected Batteries
6.1. Characteristics of EV batteries
6.1.1. Goal: 0a[iPisinJ enerJ\ densit\ Ior OonJer 
driving ranges and performances. 
6.1.2. Distinguishing features: High power output, 
fast charging capabilities, and compact size. 
6.1.3. Chemistry: 2Iten use 1icNeO 0anJanese 
&obaOt �10&� or 1icNeO &obaOt $OuPinuP �1&$� 
chemistry due to their high energy density. 
6.1.4. Thermal runaway: 2[\Jen bond in an 10& 
battery is much looser than in an lithium iron 
phosphate �/)3� /i)e32�� batter\ �used in Jrid 
s\stePs�� 'ue to this� therPaO runawa\ can occur 
easily, and in some cases when the environmental 
temperature goes high, there lies a possibility for 
explosion.
6.1.5. Operating voltage: In an EV battery, it is 
JeneraOO\ ��� YoOts �9� per ceOO� 3acN YoOtaJes Yar\ 
from vehicle to vehicle, but nowadays many vehicles 
operate at around ��� 9� 7his increased YoOtaJe 
�at ��� 9� acceOerates the interaction between the 
electrolyte and the cathode, resulting in the delivery 
of higher power. However, this strong reaction also 
tends to shorten the battery life.
6.1.6. Design constraints: EV battery requires 
sophisticated %06 to handOe d\naPic conditions 
and ensure safety under various operating 
scenarios. It also needs robust thermal management 
systems due to high power demands and space 
constraints. When designing EV battery modules, 
it is necessary to consider the space and weight of 
the battery compartment and to adapt to the safety 
requirements under dynamic operating conditions 
while pursuing power acceleration and extending 
the driving range. In addition, EV battery modules 
need to be designed with care considering collision 
or road accidents.
6.1.7. Costs: They generally have a higher cost due 
to stringent performance, safety requirements, and 
material demands.

6.2. Characteristics of grid-connected batteries
6.2.1. Goal: Cost-effectiveness, long cycle life, and 
the ability to provide grid services. 
6.2.2. Distinguishing features: Emphasis on cost per 
kWh, long lifespan, and the ability to handle frequent 
charge and discharge cycles. 
6.2.3. Chemistry: Nowadays increasingly apply 
/)3 chePistr\ to reduce costs and ensure OonJer 
OiIespan coPpared to 10& or 1&$� 
6.2.4. Thermal runaway: Oxygen bond in an 
/)3 batter\ is Puch stronJer than in an 10& 
batter\ �used in (9�� 'ue to this� therPaO runawa\ 
occurrences are limited. 
6.2.5. Operating voltage: In a grid supporting battery, 
it is JeneraOO\ ��� 9 per ceOO� 7his YoOtaJe Patches 

with lead-acid batteries, resulting in applications, 
which operate at �������� YoOts�
6.2.6. Design constraints: Grid-connected batteries 
�aOso caOOed as enerJ\ storaJe s\steP >(66@ 
batteries� aOso reO\ on %06� but the ePphasis 
shifts to long-term reliability and grid integration 
features. Thermal management can be designed for 
static environments. When designing ESS battery 
modules, it is necessary to consider the location 
environment (both physical and geographical), 
thermal management, long cycle life and cost 
eͦcienc\ and suitabiOit\ Ior static appOications� (66 
battery modules focus on instantaneous response 
(through its own electronic front ends) and are 
ͤreprooI and oIIer aOO�tiPe IaiO�saIe support to the 
grid, as the occurrence of blackouts cannot be 
predicted.
6.2.7. Costs: Costs are generally lower compared to 
EV batteries.

6.3. Summary
EV batteries are designed keeping in mind 

mobility and performance requirements. Grid 
support batteries are designed to deliver cost 
effectiveness, long life, and fail-safe support, which 
is crucial for smooth grid operation. 

NMC batteries: Known for their high energy 
densit\� 10& batteries are coPPonO\ used in 
passenger EVs. They offer longer driving ranges, 
which is a key selling point for consumers. 

LFP batteries: These batteries are prized for their 
thermal stability and longer life cycle, making them 
ideal for commercial applications like electric buses 
and delivery vehicles. They are also considered safer 
due to their Oower risN oI therPaO runawa\� $Oso� 
these batteries are used in grid support applications.

7. Reasons for Adoption of Li-ion Batteries 
over Lead-acid Batteries in EVs9,10:

‘Reva’ (Indian JV EV), which was successful in 
,ndia and abroad� initiaOO\ used �in the ͤrst PodeO 
IroP ���� to ����� Oead�acid batteries� /ater� ̴5eYa̵ 
changed over to Li-ion batteries due to its many 
advantages. Li-ion batteries are made with Lithium 
in combination with other reactive metals like Cobalt, 
0anJanese� ,ron� or Pore� whiOe Oead�acid batteries 
are made with Lead and Sulfuric acid. The primary 
differences between these two types of batteries lie 
in their chePistr\� enerJ\ densit\� eͦcienc\� depth oI 
charge, lifespan, and cost. 

7.1. Difference in materials
̽ Lithium-ion: Uses lithium salt in the electrolyte 

and carbon or lithium compounds for the 
electrodes.

̽ Lead-acid: Uses sulfuric acid as the electrolyte 
and lead and lead oxide for the electrodes.

̽ Safety of Li-ion vs lead acid: Lithium-ion batteries 
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are safer than lead acid batteries as they do not 
contain corrosive acid and are less prone to 
leakage, overheating, or explosion.

7.2. Difference in energy density
̽ Li-ion: 3acNs Pore enerJ\ per unit weiJht and 

volume, meaning they are lighter and smaller for 
the same capacity, and hence, extensively used 
in phones, laptops, and EVs.

̽ Lead-acid: Bulkier and heavier for the same 
capacity but used in vehicles, starting batteries, 
and off-grid systems.

̽ Capacity differences in Li-ion vs lead acid: $ 
battery’s capacity is a measure of how much 
energy can be stored (and eventually discharged) 
b\ the batter\� $OthouJh capacit\ ͤJures can 
differ based on battery models and brands, Li-ion 
battery technology has been extensively tested 
and shown to possess a considerably higher 
energy density than lead-acid batteries. 

̽ Energy e̪ciency� Li-ion batteries are more 
eͦcient� OosinJ Oess enerJ\ durinJ charJe 
or discharge cycles. Li-ion batteries have an 
eͦcienc\ rate oI �� percent or Pore whiOe Oead 
acid batteries haYe a rate cOoser to ����� percent� 
+iJh�eͦcienc\ batteries charJe Iaster and haYe 
a higher effective battery capacity, similar to the 
depth of discharge.

̽ Discharge rate and shelf life: Li-ion batteries 
have a longer overall lifespan and better storage 
life than lead-acid batteries due to their slower 
self-discharge rates and greater energy density. 
While lead-acid batteries may have a good shelf 
life before charging, their cycle life is shorter 
and they lose more energy when idle compared 
to the more advanced, albeit more expensive, 

Li-ion technology. Li-ion batteries have a higher 
discharge capacity, can be deeply discharged 
�up to �� percent or Pore� without siJniͤcant 
daPaJe� and Paintain hiJh discharJe eͦcienc\� 
whereas lead-acid batteries should only be 
discharJed to �� percent to proOonJ their short 
lifespan. Li-ion batteries can also discharge at 
a Iaster rate and are Pore eͦcient� OosinJ Oess 
energy during the process, compared to lead-
acid batteries. 

7.3. Lifespan and durability 
̽ Li-ion: High cycle life, lasting for thousands 

oI charJe�discharJe c\cOes beIore needinJ 
replacement.

̽ Lead-acid: When compared to a Li-ion battery, a 
lead acid battery has a lower cycle life, typically 
needinJ repOacePent aIter ������� c\cOes� 'eep 
discharJe can siJniͤcantO\ shorten OiIespan�

̽ Durability and life: 'ischarJinJ a batter\ to power 
a home or appliances and then recharging it with 
solar energy or the grid counts as one ‘cycle’. The 
longevity of Li-ion batteries far surpasses that 
of lead acid batteries, owing to their superior 
capacity to endure multiple cycles. This attribute 
results in an extended effective lifespan of Li-ion 
products, which makes them an optimal choice 
over their lead acid counterparts. 

7.4. Environmental impact
Li-ion batteries have a higher environmental 

impact during production, but their longer lifespan 
and hiJher eͦcienc\ can PiniPise it oYer their 
lifetime. Overall, Li-ion batteries are somewhat more 
environmentally friendly than lead acid batteries, as 
they do not contain toxic lead and sulfuric acid and 
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can be rec\cOed with Jreater eͦcac\� +oweYer� it is 
to be noted that recovering precious metals from Li-
ion batteries is a complex work and needs special 
chemicals and tools. These aspects are covered 
subsequently in this paper.

7.5. Re-usability
Li-ion cell modules like those found in EV 

batteries can be repurposed to make Second life 
energy storage solutions, capable of augmenting 
and powering green infrastructure in urban and 
rural areas alike. Lead-acid batteries are typically 
ineligible for any kind of re-purposing or reuse and 
must be recycled upon reaching the end of life.

7.6. Upfront cost per kilowatt hour 
̽ Lead-acid: While lead acid vs Li-ion offers a lower 

cost per kilowatt hour initially, this advantage 
diminishes over time due to its shorter lifespan 
and need for replacements.

̽ Li-ion: $OthouJh the upIront cost per NiOowatt 
hour of Li-ion vs lead acid is higher, their longer 
OiIespan and hiJher eͦcienc\ transOate to a Oower 
total cost of ownership in the long run.

7.7. The charging aspects of batteries
7.7.1. The case of the lead acid battery

7he charJinJ eͦcienc\ oI this t\pe oI batter\ is 
Oow at �� percent� $ Oead�acid batter\ needs Pore 
energy for recharging than it delivers. The excess 
energy is used for gassing and for mixing the acid 
internally. Gassing is the electrolytic breakdown 
of water into Hydrogen and Oxygen gases during 
charging. This process, also known as water 
electrolysis, releases Hydrogen at the negative 
plate and Oxygen at the positive plate, creating 
a potentially explosive mixture. While gassing 
is a normal part of charging, excessive gassing 
can reduce battery capacity by consuming water 
and can be danJerous due to the flaPPabiOit\ oI 
Hydrogen gas. This process warms up the battery 
and evaporates the water inside, which results in the 
need to top up the battery with pure water. Lead-acid 
recharging has several limitations, some of which 
are described below:
̽ )ast or partiaO charJes ruin a Oead�acid batter\� 

3oor Paintenance wiOO aOso reduce batter\ OiIe�
̽ /onJ charJinJ tiPe oI usuaOO\ si[ to eiJht hours� 

unsuitable for today’s fast moving world. 
̽ 7he charJer is usuaOO\ oOd�Iashioned and cannot 

collect full information on the battery. There are 
neither sensors in the battery nor any reading and 
controlling system in the charger. The charger 
can only check the voltage – this parameter 
aOone is insuͦcient� &hanJes in tePperature 
aIIect the recharJe proͤOe� so iI the tePperature 
is not measured, the battery will never charge 
completely in winter and emit large amounts of 

Jases in suPPer� $n incorrect charJer or settinJ 
reduces battery life.

7.7.2. The case of Li-ion battery
/i�ion batteries can be Iast charJed to ��� 

percent oI capacit\� $ /i�ion batter\ saYes on enerJ\ 
consumed, and hence, provides a leaner electricity 
biOO as it is up to �� percent eͦcient and accepts 
both partiaO and rapid charJinJ� $ /i�ion batter\ 
can be charJed to �� percent capacit\ in onO\ �� 
minutes. This results in lower installed battery 
capacity than the capacity required with lead acid 
batteries, because Li-ion batteries can be recharged 
repeatedly over a short time. Electronic systems 
inside the battery control the charger effectively, so 
it can deliver the exact current that is consistent with 
internal parameters (voltage, temperature, charge 
level). The battery will not respond and rejects an 
unsuitable charger, and thus, protects itself.

7.8. Approximate battery weights
̽ /ead acid batter\� �� NJ Ior N:h�
̽ /i�ion batter\� � NJ Ior N:h�

2n aYeraJe� /i�ion batteries weiJh �[ Oesser than 
standard lead acid batteries.

7.9. Maintenance criteria 
7.9.1. The case of the lead acid battery

High maintenance and system costs occur. 
Regular maintenance is a must, and this happens 
to be high considering rising labour costs. Regular 
toppinJ up water� PaintaininJ the ͤOOinJ s\steP� and 
removing oxide from the elements and terminals are 
must-do functions. There are other issues, as lead 
acid batteries release gas while they are charging, 
and therefore, require special enclosures or rooms 
with corrosion resistant exhaust fans, acid proof 
ducting, and acid proof tiling,  

7.9.2. The case of the Li-ion battery
There are no special requirements such as 

dedicated space, ventilation systems, acid proof 
tiling, etc, as needed for lead-acid batteries.

8. General Features of a Li-ion battery11-13
Li-ion battery is, in fact, a generic term involving 

many different types of chemical combinations. Li-
ion cells can be manufactured to optimise energy 
density or power density. Handheld electronics 
mostly use lithium polymer batteries (with a 
polymer gel as an electrolyte), a lithium cobalt oxide 
�/i&o2�� cathode PateriaO� and a Jraphite anode� 
which together offer high energy density. Lithium 
iron phosphate �/i)e32��� OithiuP PanJanese o[ide 
�/i0n�2� spineO�� or /i�0n2��based OithiuP�rich 
layered materials, lithium manganese-rich nickel 
PanJanese cobaOt o[ide �/05�10&� and OithiuP 
nicNeO PanJanese cobaOt o[ide �/i1i0n&o2� or 
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10&� oIIer OonJer OiIe and a hiJher discharJe rate� 
due to which the\ are wideO\ used in (9s� 0ore 
information on the various features are described 
below.
̽ *raphite is the t\picaO neJatiYe eOectrode oI a 

conventional Li-ion battery while metal oxide 
or phosphate forms the positive electrode. The 
electrolyte is a solute consisting of a lithium salt 
dissolved in an organic solvent. The electrodes are 
prevented from touching each other (prevention 
of short circuit) by a separator. Current collectors 
connect the electrodes to the power circuit where 
the batter\ has to Iunction���

̽ 1ote on desiJnation oI positiYe and neJatiYe 
electrodes: Negative electrode is the anode when 
the cell is discharging and positive electrode 
is the cathode when discharging is prevented 
from shorting by a separator. The negative and 
positive electrodes interchange their roles, ie, 
negative electrode becomes positive and positive 
electrode becomes negative, when the battery 
is under charging. In the case of rechargeable 
batteries, it is customary to call the anode as a 
negative electrode and a cathode as a positive 
electrode.

̽ 'urinJ charJinJ� /i�ions IroP the cathode PoYe 
through the electrolyte and insert themselves 
into spaces between the graphite’s carbon layers 
̰ a process caOOed ̴Oithiation̵� $t the saPe tiPe� 
electrons are added to the graphite’s conduction 
band, which helps stabilise the inserted Li-ions. 
The lithiation process is not immediate but 
occurs in several stages, where the Li-ions are not 
completely ordered or secured within the layers. 
These phases are referred to as stages, with the 
ͤnaO� IuOO\ Oithiated state beinJ staJe��� or /i&�� 
This process results in a graphite anode with a 
Pa[iPuP theoreticaO capacit\ oI ��� P$h�J� 

̽ 7he cathode �positiYe eOectrode� is chosen IroP 
one of three materials: (i) layered oxide (such as 
lithium cobalt oxide), (ii) a polyanion (such as 
lithium iron phosphate for Li-ion batteries*), or 
(iii) spinel (such as lithium manganese oxide). 

̽ 3oO\cations and poO\anions IorP poO\eOectroO\tes� 
which are polymers whose repeating units bear 
an electrolyte group. 

 These groups dissociate in aqueous solutions, 
making the polymers charged. Their properties 
are thus similar to both electrolytes (salts) and 
polymers. Their (salt) solutions are electrically 
conductive. Like polymers, their solutions are 
often viscous��. 

 *Polyanions are different for Li-ion batteries 
and for Sodium-ion (Na-ion) batteries: In the 
case of Li-ion battery technology, polyanionic 
compounds such as iron phosphates or manganese 
phosphates are employed due to their high 
thermal stability, enhanced safety due to robust 
covalent bonds, and high operating voltages. In 

the case of Na-ion batteries (discussed in the 
later part of this paper), polyanion-type electrode 
materials are Na3V2(PO4)3 and NaTi2(PO4)3 for  
Na-based cathode and anode materials, respectively. 
Both these materials have superior electro-chemical 
properties suitable for their application in Na-ion 
batteries13. 

̽ 8se oI seaOed container� /ithiuP reacts 
vigorously with water to form lithium hydroxide 
(LiOH) and hydrogen gas. Therefore, a non-water-
based electrolyte is typically used, and a sealed 
container rigidly excludes moisture from the 
battery pack. 

̽ (OectroO\te� ,n JeneraO� a Pi[ture oI orJanic 
carbonates such as ethylene carbonate, and 
propylene carbonate containing complexes of 
Li-ions is used as electrolyte. Electrolytes are 
further discussed in detail in the later part of this 
paper.

9. The Proliferation of Li-ion batteries – 
The Time Line10

Li-ion batteries had traversed a long journey of 
about �� \ears as chronicOed beOow� ,t was not a 
single, instant switch from lead-acid batteries. In 
the ����s� the pace oI transition picNed up� and 
the tempo continues to this day. These aspects are 
discussed in detail in a later section of this paper.
̽ ����s� 7he ͤrst coPPerciaO OithiuP batteries 

appeared, mainly non-rechargeable types like 
those used in watches.

̽ ����� $Nira <oshino� )eOOow oI $sahi .asei 
&orporation and a proIessor at 0eiMo 8niYersit\ in 
Nagoya, developed the prototype of the modern 
Li-ion battery with a safer Li-ion intercalation 
coPpound anode� +e created the ͤrst saIe� 
production-viable Li-ion battery, which became 
widely used in cellular phones and notebook 
computers.

̽ ����� 7he Japanese PuOtiIunctionaO coPpanies 
oI 6on\ and $sahi .asei coPPerciaOised the 
ͤrst recharJeabOe /i�ion batteries� 7his was 
based on the pioneerinJ research worN oI 0 
6tanOe\ :hittinJhaP �%ritish�$Perican &hePist� 
and John *oodenouJh �$Perican soOid�state 
physicist) that need a special mention here. 

̽ ����s and earO\ ����s� 7he earO\ adoption oI 
portable electronics like laptops and mobile 
phones due to their superior energy density, 
lighter weight, and longer lifespan. 

̽ ����� 7he ͤrst Oaptop coPputer powered b\ a /i�
ion battery is released.

̽ 0id�����s onwards� ([pansion into power tooOs� 
digital cameras, medical devices, and EVs.

̽ 3resent da\� /i�ion batteries continue to dispOace 
lead-acid batteries in various applications but 
lead acid batteries continue to be dominant in 
areas where cost and affordability are critical, 
like automotive starters and in micro-grid storage 
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appOications� ,n Iact� Oead acid batter\ aOso ͤnds 
a place in EV with Li-ion battery for providing the 
essentiaO �� 9 power needed to run accessories 
like headlights, wipers, power windows, and the 
onboard computer systems that control the 
vehicle’s functions and for safety during black 
out of the main Li-ion battery.

̽ /i�ion doPinance� ([perts predict that /i�ion 
will continue to dominate the market in coming 
\ears� potentiaOO\ reachinJ �� percent share b\ 
����� /ead acid batteries wiOO continue to e[ist in 
special application markets. 

10. Basic Types of Battery Cells14 
EV batteries consist of several small and 

compact cells, which are the fundamental building 
blocks. These cells are manufactured in three basic 
forms or shapes: (i) cylindrical, (ii) prismatic, and (iii) 
pouch battery cells, well known types used in various 
battery assemblies. Each type has its own set of 
advantages and disadvantages, and the choice of 
IorP t\pe depends on the speciͤc reTuirePents oI 
the battery application. In general, EV manufacturers 
place orders for the required type of cells from the 
cell manufacturers for their EV depending upon the 
EV’s range per battery charge and EV’s pay load 
(power) requirement, location and space availability 
for mounting the assembled battery inside the EV. 
The individual cells are assembled in the EV factory 
itseOI� IactorinJ in the YoOtaJe and aPpere hour �$+� 
capacity of individual cells, which will determine the 
totaO nuPbers reTuired in the ͤnaO batter\ assePbO\ 
and the electrical interconnection combinations 
thereof.

10.1. Cylindrical cells
$ c\OindricaO /i�ion batter\ consists oI a 

cylindrical metal casing that houses the internal 
components, including the positive and negative 
electrodes, separator, and electrolyte. For example, 
a common type of cylindrical Li-ion battery is the 
����� ceOO� naPed Ior its diPensions� �� PiOOiPeters 
in diaPeter and �� PiOOiPeters in OenJth� :hiOe the 
����� ceOO is the Post weOO�Nnown� there are other 
c\OindricaO ceOO IorP Iactors� such as ����� and 
���� ceOOs� each with diIIerent diPensions and 
speciͤcations� 7hese are popuOar and haYe been 
in use for a long time and are known for reliability 
and safety. With mass production possible, it will 
lower manufacturing costs. Cylindrical Li-ion battery 
cells have many applications used extensively in EV, 
apart from in various electronics actuated gadgets. 
5eIer to ,PaJe � Ior a representatiYe depiction oI a 
cylindrical cell.

Cylindrical cell manufacturing process16,17:
The EV battery cylindrical cell manufacturing 

process involves three main phases namely, 
electrode manufacturing, cell assembly, and cell 

ͤnishinJ� 7his process is hiJhO\ precision driYen 
and carried out in automated production lines with 
stringent quality control. The various aspects of the 
process are briefl\ described beOow� 

0anuIacturinJ anodes and cathodes is the ͤrst 
step.
̽ 6Ourr\ IorPation� 5aw PateriaO coPpounds such 

as 1&0 or /)3 are Pi[ed with a binder� conductiYe 
additives and solvent for the cathode. The anode 
sOurr\ is created with Jraphite�siOicon�Jraphite� 
carbon bOacN� and a suitabOe binder� $s the sOurr\ 
is wet and fluid� it needs to be conYerted in a 
solid form through coating and drying process. 

̽ &oatinJ and dr\inJ� 7he cathode sOurr\ is 
sprayed or coated onto a long strip of aluminum 
foil, and the anode slurry is sprayed onto a long 
strip of copper foil. The coated foil is then passed 
through a drying oven to evaporate the solvent. 

̽ &aOenderinJ� ,t is a PechanicaO coPpression 
step where coated electrode sheets are passed 
between rollers to increase density, improve 
electrical contact between particles, and ensure 
consistent, reduced thickness. This process 
increases the battery’s volumetric energy density, 
enhances electrical and ionic conductivity, 
and provides a controlled porous structure for 
eͦcient ion and eOectron transport� uOtiPateO\ 
improving the overall cell performance. 

̽ 6OittinJ� 7he OarJe roOOs oI coated IoiO are cut 
into long, narrow strips with specialised cutting 
machines or lasers. 

Next comes the preparation of cell assembly.
̽ &eOO assePbO\� JeOO\ roOO windinJ is the process 

in cylindrical Li-ion battery manufacturing, 
where the anode, cathode, and separator are 

Image 3: A Typical Cylindrical Cell

Image courtesy: Reference 15.





INSIGHT

| 88 | March 2026

wound together in a spiral, jelly or ‘Swiss roll’ 
Iashion� to IorP a coPpact and eͦcient internaO 
structure. This wound unit, called the jelly roll, 
is then inserted into a cylindrical cell casing 
(often a nickel-plated steel can), and electrical 
connections called tabs are attached to the 
electrodes to create a functional, sealed battery 
cell. This winding process is faster than the 
stacking methods employed in the manufacture 
oI prisPatic and pouch ceOOs� 0etaO tabs �eJ� 
copper for the cathode and aluminum for the 
anode) are welded to the electrode strips to serve 
as electrical contacts. The positive cathode tab 
connects to the top of the can while the negative 
anode tab connects to the bottom of the can. 
This is carried out through ultrasonic or laser 
weOdinJ to achieYe precision� $Iter the MeOO\ 
roll and tabs are in place, the can is sealed via 
crimping or beading to secure the jelly roll which 
is inside and create space for mounting safety 
monitoring components. 

7his is IoOOowed b\ the ͤOOinJ oI the eOectroO\te in the 
can. 
̽ (OectroO\te ͤOOinJ and ͤnaO seaOinJ� 1ow an 

electrolyte tank injects into the can, the liquid 
electrolyte solution under vacuum condition, 
which ensures that the liquid fully penetrates 
the jelly roll. Thereafter, the cell is permanently 
sealed to prevent leakage and contamination. 

̽ &harJinJ� testinJ and aJeinJ� ,n the assePbO\ 
Oine� c\OindricaO batter\ ceOOs are ͤnished b\ ͤrst 
being sorted, cleaned, and grouped into modules. 
Then, they are electrically connected using bus 
bars and secured into a module case, often with 
an adhesive and a cooling plate for thermal 
management. 
Finally, the modules are sealed, and the entire 

pack undergoes rigorous testing for electrical 
performance and safety before being integrated into 
the vehicle. This process is further described up to 
the packing stage below:
̽ )orPation oI 6(,� 7he newO\ ͤOOed ceOO underJoes 

its ͤrst controOOed charJe and discharJe 
cycles. This critical step creates a stable solid 
electrolyte interphase (SEI) layer on the anode, 
which is essential for the battery’s longevity and 
performance.

̽ 'eJassinJ� iI needed� )or OarJer� hiJher�enerJ\ 
cells, gas generated during formation is released 
in a YacuuP chaPber beIore the ͤnaO seaO is 
applied.

̽ $JeinJ throuJh storinJ and obserYinJ� 7he ceOOs 
are stored at a controlled temperature for a period 
to allow the SEI layer to stabilise completely. This 
also helps in detecting any cells with defects by 
monitoring the open-circuit voltage.

̽ 7estinJ and JradinJ� (ach ceOO is tested Ior its Ne\ 

electrical properties, such as capacity, voltage, 
and internal resistance. High-speed automation 
and computer vision are used to inspect 
physical defects. Cells with similar performance 
characteristics are then grouped together.

10.2. Prismatic cells
$ prisPatic ceOO is a t\pe oI OithiuP poO\Per ceOO 

that has a rectangular or square shape, although 
called as a ‘prismatic’ cell. Unlike cylindrical cells, 
which are tubuOar� prisPatic ceOOs haYe a flat desiJn� 
Ease of stacking is ensured. In general, the electrode 
materials are kept in layers, and the cell itself is 
enclosed in a sturdy metal casing. These cells are 
oIten used in appOications where space eͦcienc\ is 
cruciaO� as their flat shape heOps better and coPpact 
pacNaJinJ� 3risPatic ceOOs ensure space�eͦcient 
design. These are ideal for applications where space 
is at a premium. High energy density is achieved 
throuJh stacNinJ� $Oso� there is iPproYePent in heat 
dissipation with improved thermal performance.  
$ t\picaO Yiew oI a prisPatic ceOO Pa\ be seen in 
,PaJe ��

11. Conclusion
3art�� is concOuded here with a t\picaO picture oI 

a prismatic cell. The prismatic cell assembly line will 
be discussed in 3art�� oI this paper�

$cNnowOedJePent� 7he author wishes to record 
his gratitude to the various information sources 
which were consuOted on the internet� $ Oist oI these 
references with respect to this part are given below 
for the readers’ ready reference and further study 
and research in this rapidO\ JrowinJ ͤeOd�

Image 4: A Typical Prismatic Cell: LiFePO4 
Prismatic Cell Structure 

Image courtesy: Reference 18.
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Capacity addition crosses 50,000 MW 
in FY2025-26 

In FY2025-26 (up to January 31, 2026), a record 
52,537 MW of generation capacity (from all sources) 
has been added, as per a PIB release. Of this, 39,657 
MW has been added from renewable energy sources, 
which includes 34,955 MW of solar power, 4,613 MW 
of wind power, as per the release.

This marks the highest ever capacity addition in 
a single year, surpassing the previous record of 
34,054 MW achieved in FY2024-25.

As on January 31, 2026, India’s total installed 
power generation capacity stands at 520,510.95 
MW, comprising:

̽ )ossiO IueO�based capacit\� ���������� 0:
̽ 1on�IossiO IueO capacit\� ���������� 0: ̰ 

1ucOear� ����� 0:� renewabOe enerJ\ sources� 
���������� 0:�

India-Canada meet to discuss clean 
mobility and critical minerals 

Union Minister for Heavy Industries and Steel, 
Shri HD Kumaraswamy, recently held a high-level 
bilateral meeting with the Canadian delegation led 
b\ 
+�(� 0r� 7iP +odJson� 0inister oI 1aturaO 
Resources, Canada*, to strengthen cooperation in 
critical minerals, clean mobility, advanced 
manufacturing, and sustainable industrial 
development.

As reported, a major focus of the discussions 
was the development of a robust and secure battery 
manufacturing ecosystem and access to critical 
minerals essential for clean energy technologies.

The meeting reportedly witnessed detailed 
deliberations on joint coordination frameworks and 
collaboration opportunities in battery cell and 
component manufacturing, research and 
development on next-generation batteries, critical 
PineraO suppO\ chains� testinJ and certiͤcation 
infrastructure, clean mobility solutions, and 
sustainable manufacturing processes.

Summing up the discussions, Shri HD 
.uParaswaP\ reportedO\ reaͦrPed ,ndia̵s 

commitment to strengthening cooperation with 
Canada in clean energy, natural resources, and 
advanced manufacturing.

As per a PIB release, the meeting concluded on a 
positive note, with both sides expressing satisfaction 
over the constructive and outcome-oriented 
dialogue. It was reportedly agreed that structured 
follow-up mechanisms, technical consultations, and 
industry-level engagements would continue in the 
coming months to translate the discussions into 
concrete projects and partnerships.

India, GCC sign Terms of Reference  
for FTA 

India and the Gulf Cooperation Council have 
signed the Terms of Reference (ToR) for the India-
*&& )ree 7rade $JreePent �)7$�� 7he 7o5s ̰ which 
will guide the negotiations for the GCC-India FTA by 
deͤninJ its scope and PodaOities ̰ were siJned 
between Shri Ajay Bhadoo, Additional Secretary and 
&hieI 1eJotiator� 'epartPent oI &oPPerce and 'r 
5aMa $O 0ar]ouTi� &hieI 1eJotiator� 6ecretariat 
General of the Gulf Cooperation Council. 

7he ,ndia�*&& )7$ hoOds siJniͤcant potentiaO to 
unlock and expand trade with an important region, 
with which India has longstanding historical ties in 
trade and commerce. India’s trade with GCC stood at 
86' ������ biOOion �e[ports� 86' ����� biOOion� 
iPports� 86' ������ biOOion� in )<�������� 
accounting for 15.42 percent of India’s global trade. 
,n the Oast ͤYe \ears� ,ndia̵s trade with the *&& has 
expanded steadily, registering an annual average 
growth rate of 15.3 percent.

Collectively, the GCC countries represent a 
market of 61.5 million people (2024) and USD 2.3 
trillion in terms of GDP at current prices, ranking 9th 
globally in this category. The GCC region is also a 
siJniͤcant source oI )', Ior ,ndia� with cuPuOatiYe 
investments exceeding USD 31.14 billion as on 
September 2025.

NTPC plans setting up of nuclear 
power projects

173& /td� a &36( under the adPinistratiYe 
control of Ministry of Power, Government of India 
(GoI), is planning for 30 GW nuclear capacity by 2047 
through the following two routes, as per a PIB 
release:

i� $nu 6haNti 9id\ut 1iJaP /iPited �$6+9,1,�� a 
J9 oI 173& /td and 1ucOear 3ower &orporation oI 
,ndia /iPited �13&,/�� is in the process oI estabOishinJ 
a 4 x 700 MW nuclear power project in the Banswara 
district of Rajasthan, called Mahi Banswara 
Rajasthan Atomic Power Project (MBRAPP).

ii� 173& /td has IorPed a whoOO\ owned nucOear 
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subsidiar\� 173& 3arPanu 8rMa 1iJaP /iPited 
�1381/�� incorporated on ���������� under the 
Companies Act after getting requisite clearances.

The above target of 30 GW is a part of the 
government’s decision of having 100 GW nuclear 
capacity by 2047.

To explore various options and possible 
coOOaborations with internationaO partners� 173& /td 
has issued an expression of interest (EoI).

)urtherPore� 173& /td� throuJh its J9 $6+9,1,� 
is reportedly in the process of establishing a 4 x 700 
MW nuclear power project in the Banswara district 
of Rajasthan, called Mahi Banswara Rajasthan 
Atomic Power Project (MBRAPP). The current 
projections envisage initial testing of MBRAPP’s 
ͤrst ��� 0: unit b\ )<�������� 

Government issues draft Electricity 
(Amendment) Bill, 2025

The Central Government has issued the draft 
Electricity (Amendment) Bill, 2025, proposing 
comprehensive reforms in the power sector. The 
draIt %iOO seeNs to taNe Peasures Ior ͤnanciaO 
sustainability, promote competition, strengthen 
regulatory accountability, and accelerate India’s 
transition towards non-fossil fuel-based electricity 
generation, in alignment with the vision of Viksit 
Bharat @ 2047. The key reforms proposed are:
i) Financial viability: The proposed amendments 

Pandate cost�reflectiYe tariIIs� ePpower 
commissions to determine tariffs suo motu from 
April 1st each year.

ii) Economic competitiveness: The proposed 
reforms aim to rationalise tariffs, unlock demand, 
reduce costs, and enhance India’s economic 
productivity and global competitiveness.

iii) Energy transition: To achieve 500 GW of non-
fossil capacity by 2030, the amendments 
propose empowering CERC to introduce market-
based instruments to attract investment and 
accelerate renewable capacity addition. 
Enforceable non-fossil energy obligations are 

also proposed to align the Electricity Act with the 
Energy Conservation Act.

iv) Ease of living and ease of doing business: The 
amendments propose uniform national 
standards of service to improve supply quality 
and accountability. Consumer-friendly measures 
include capping assessment for unauthorised 
use to one year and reducing appeal pre-deposit 
requirements.

v) Regulatory strengthening: To enhance 
accountabiOit\ and eͦcienc\� it is proposed that 
governments may refer complaints against CERC 
and SERC members, with expanded grounds for 
removal. A 120-day timeline is proposed for 
adjudicatory decisions, and the strength of 
$37(/ is proposed to be increased to address 
pendency.

vi) Other reforms: Powers for installation and 
maintenance of electric lines are proposed to be 
transitioned from the repealed Telegraph Act, 
���� into the (Oectricit\ $ct� ����� with states 
framing compensation framework. To reduce 
network duplication and costs, distribution 
licensees are proposed be permitted to supply 
electricity through shared networks, subject to 
regulatory approval and charges.
Upon enactment, the provisions of the Electricity 

(Amendment) Bill, 2025 will apply uniformly across 
all states.

The bill is reportedly currently in consultation 
stage and extensive consultation with different 
categories of stakeholders is in process.

India and Bhutan to strengthen 
cooperation in power sector

0inister oI (nerJ\ and 1aturaO 5esources oI 
%hutan� 6hri /\onpo *eP 7sherinJ� recentO\ Pet 
with the Union Minister of Power and Housing & 
8rban $IIairs� 6hri 0anohar /aO� and the 0inister oI 
6tate Ior 3ower and 1ew and 5enewabOe (nerJ\� 
6hri 6hripad 1aiN with an aiP to strenJthen the 
longstanding cooperation between the two countries 
in the power sector.
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Indo-Bhutan hydropower cooperation began in 
1961, followed by an agreement on hydroelectric 
power cooperation in 2006.

During the discussions, both sides reportedly 
deliberated on the commercial optimisation of 
power output from the Punatsangchhu-II 
Hydroelectric Project (1,020 MW). Emphasis was 
also placed on the early commissioning of the 
Punatsangchhu-I Hydroelectric Project (1,200 MW).

The discussion also covered the way forward for 
the Sankosh Hydropower Project. In addition, the 
cross-border transmission links till 2040 were 
reportedly assessed. It also covered the need to 
streamline approval for scheduling of power, 
particularly during lean months in Bhutan.

India-UK Offshore Wind Taskforce 
launched

8nion 0inister oI 1ew and 5enewabOe (nerJ\ 
Shri Pralhad Joshi recently launched the India-UK 
Offshore Wind Taskforce in the presence of the Rt 
+on 'eput\ 3riPe 0inister oI the 8. 'aYid /aPP\ 
and %ritish +iJh &oPPissioner to ,ndia /ind\ 
Cameron.

Calling the taskforce a ‘trustforce’, Shri Joshi 
said it reflects the conͤdence that ,ndia and the 8. 
can work together to address real execution 
challenges. He urged that the platform deliver time-
bound workstreams, measurable milestones and 
visible progress, converting global lessons into 
solutions tailored to Indian conditions.

Describing the India-UK Offshore Wind Taskforce 
as a working mechanism rather than a symbolic 
platform, the minister reportedly said that it has 
been constituted under Vision 2035 and the Fourth 
Energy Dialogue to provide strategic leadership and 
coordination for India’s offshore wind ecosystem. 
He observed that while the UK has demonstrated 
global leadership in scaling offshore wind and 
developing mature supply chains, India brings scale, 

long-term demand and a rapidly expanding clean 
energy ecosystem.

Shri Piyush Goyal calls for India-Brazil 
trade surge beyond USD 15 billion, 
deeper ties in renewables, emerging tech

Union Minister of Commerce and Industry Shri 
Piyush Goyal addressed the Plenary Session of the 
,ndia�%ra]iO %usiness )oruP in 1ew 'eOhi� 
highlighting the expanding cooperation between 
India and Brazil across sectors. Referring to the 
growth in bilateral trade by 25 percent in the past 
year to reach USD 15 billion, he described the current 
level as suboptimal and called for greater ambition 
in further strengthening economic engagement 
between the two countries.

Highlighting the India-Brazil partnership, the 
Minister described the two countries as natural 
partners, bound by democracy, diversity and shared 
aspirations for development. He observed that the 
relationship has evolved into a strong and 
multifaceted strategic partnership driven by people-
to-people ties and expanding cooperation across 
sectors. Brazil is India’s largest trading partner in the 
/atin $Perica and &aribbean reJion� with biOateraO 
engagement deepening in defence, energy, 
agriculture and agrochemicals.

Describing Brazil’s strengths, Shri Goyal stated 
that India and Brazil together have the potential to 
reshape global value chains through resources, 
innovation and a forward-looking vision, and invited 
Brazilian companies to partner with India in co-
creating jobs, adding value and leveraging 
technology.

7he Pinister reaͦrPed the shared coPPitPent 
of both countries to safeguarding national interests 
and promoting equitable access within global 
intellectual property frameworks, particularly in 
protecting indigenous technologies. 
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MNRE holds stakeholder consultation on 
Draft Floating Solar Potential Assessment 
and Draft Policy Framework

7he 8nion 0inistr\ oI 1ew and 5enewabOe 
(nerJ\ �015(� recentO\ orJanised a staNehoOder 
consultation workshop to discuss the draft Floating 
Solar Photovoltaic (FSPV) Potential Assessment 
Report and the draft Floating Solar Policy prepared 
b\ 1ationaO ,nstitute oI 6oOar (nerJ\ �1,6(� and ,,7 
Roorkee, respectively.

Considering the prevailing land constraints faced 
in renewable energy (RE) projects, FSPV has 
emerged as an alternate avenue. However, only 
about 700 MW of FSPV projects have been 
commissioned in India so far. This is mainly due to 
lack of data on the potential sites and clear 
framework for project execution. To overcome this 
bottOenecN� 015( ̰ in association with 1,6( and 
,,75 ̰ has prepared these docuPents�

Discussions at the workshop focused on 
providing innovative solutions like plug and pay 
models, allotment of water bodies with all necessary 
approvals, etc, for derisking the developers and 
investors. Based on the potential and policy, states/
UTs may also identify and prioritise sites for the 
development of FSPV projects.

PLI Scheme with Rs1.91 lakh crore 
outlay drives strong industry 
participation across 14 strategic 
sectors

7he 3roduction /inNed ,ncentiYe �3/,� schePe� 
with an incentive outlay of Rs1.91 lakh crore, 
represents a strategic reform initiative aimed at 
strenJtheninJ ,ndia̵s PanuIacturinJ base� :ith ��� 
applications approved across 14 strategic sectors, 
the schePe reflects stronJ industr\ conͤdence and 
robust adoption� 6ince its Oaunch� the 3/, schePe 
has demonstrated sustained uptake by industry and 
consistent expansion of manufacturing capacity.

As on December 31, 2025, the cumulative 
performance under the scheme, as per a PIB 

release, is as follows:
̽ Approved applications: ��� appOications across 

14 sectors
̽ Investment: Cumulative investment exceeding 

Rs2.16 lakh crore.
̽ Production / Sales: Cumulative sales exceeding 

Rs20.41 lakh crore.
̽ Exports: &uPuOatiYe e[ports e[ceedinJ 5s��� 

lakh crore.
̽ Employment: More than 14.39 lakh direct and 

indirect jobs generated.
̽ Incentive disbursement: 5s������ crore 

disbursed as on December 31, 2025.
These outcomes indicate sustained momentum 

in inYestPent inflows� production e[pansion� e[port 
growth, and employment generation across 
targetted sectors.

Shri Piyush Goyal launches Export 
Promotion Mission to boost MSME 
exports, strengthen global 
competitiveness

The Union Minister of Commerce and Industry, 
Shri Piyush Goyal, recently launched seven additional 
interventions under the Export Promotion Mission 
�(30�� a flaJship initiatiYe oI the 'epartPent oI 
Commerce aimed at empowering micro, small and 
medium enterprises (MSMEs) for global markets. 
These interventions are designed to address key 
challenges faced by Indian exporters, promote 
broad-based and inclusive export growth, and 
strengthen India’s position as a globally competitive 
export powerhouse. 

Shri Goyal said the Export Promotion Mission is 
aimed at promoting new products, services and 
exporters, while enabling Indian businesses to 
access new markets. He noted that India has 
recorded double-digit growth in merchandise exports 
in the ͤrst haOI oI )ebruar\� reflectinJ stronJ ParNet 
conͤdence and proactiYe industr\ participation�

He stated that the mission seeks to simplify 
processes for MSMEs, strengthen access to credit, 
enhance quality standards, support compliance with 
international regulations and expand logistics and 
warehousing infrastructure globally. Initiatives such 
as overseas warehousing, including Bharat Mart in 
Dubai, are intended to provide Indian exporters with 
strategic access to markets across the GCC, Africa, 
Central Asia and Europe.

The newly launched interventions aim to address 
structural constraints faced by MSMEs, including 
hiJh cost oI capitaO� OiPited access to diYersiͤed 
trade ͤnance instruPents� coPpOiance burdens in 
international markets, logistics disadvantages, and 
barriers to market entry.
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NATIONAL
CEA issues roadmap to 100 GW of 
hydro PSPs by 2035-36

The Central Electricity Authority (CEA) has issued 
a report – ‘Roadmap to 100 GW of Hydro Pumped 
Storage Projects by 2035-36’ – outlining policy, 
regulatory, institutional, and infrastructure measures 
required for enabling the development of 100 GW of 
pumped storage capacity over 10 years. According 
to the report, the total installed capacity of PSPs is 
expected to reach about 87 GW by 2033-34. The 
average capacity addition per year will be 9 GW per 
year. As per the report, India’s pumped storage 
potential is estimated at about 267 GW, comprising 
about 58 GW of on-stream PSPs and 209 GW of off-
stream projects. As of December 31, 2025, 10 PSPs 
with a combined installed capacity of 7 GW are in 
operation, while another 10 projects totalling 12 GW 
are under construction. Projects of about 9.6 GW 
with detailed project reports (DPRs) are concurred 
by the CEA but are yet to commence. The report also 
identiͤes �� 363s totaOOinJ �� *: in the surYe\ and 
investigation stage, including 52 closed-loop 
projects designed primarily for storage. It also notes 
that assessed PSP storage potential has sharply 
risen in recent years, increasing from 97,565.6 MW 
as of December 31, 2022, to 266,845.6 MW as of 
December 31, 2025.

Rajasthan Electricity Regulatory 
Commission notifies revised procedure 
for intra state grid connectivity 

The Rajasthan Electricity Regulatory Commission 
�5(5&� has notiͤed the ̴3rocedure Ior *rant oI 
Connectivity to the Intra State Transmission 
System’. It will apply to connectivity applications at 
33 kV and above, covering state and central 
generating companies, independent power 
producers, renewable energy projects, and energy 
storage systems. The designated nodal agency – 

Rajasthan Rajya Vidyut Prasaran Nigam Limited – 
will process applications and grant connectivity. 
Under the framework, applicants will pay non-
refundable processing fees ranging from Rs1-9 lakh 
depending on capacity and category. For renewable 
enerJ\ proMects� Jrid connectiYit\ charJes are ͤ[ed 
at Rs250,000 per MW. Non-renewable applicants will 
pay the actual cost of the transmission bay 
developed for connectivity.

SJVN commissions 70 MW Dhubri solar 
project in Assam

SJVN Limited, through its wholly owned 
subsidiary, SJVN Green Energy Limited, has 
commissioned its 70 MW Dhubri solar power project 
in Assam. The project has been developed on 330 
acre of lease-based land at Khudigaon Pt II village in 
the Dhubri district at Rs3.67 billion. It is expected to 
Jenerate ������ PiOOion units in the ͤrst \ear and 
about 3,230 million units over 25 years. Power from 
the project will be supplied to Assam Power 
Distribution Company Limited.

MoP revises ash utilisation guidelines 
for coal and lignite-based thermal 
power plants

The Ministry of Power has revised the guidelines 
for disposing current and legacy ash by coal and 
lignite-based thermal power plants. The revised 
framework mandates 100 percent ash utilisation 
while limiting the tariff burden on electricity 
consumers. Thermal power plants will also be 
required to declare the quantity of “issuable ash” – 
fl\�ash� bottoP�ash and pond�ash ̰ aYaiOabOe Ior 
distribution after meeting existing commitments 
and technical constraints, before initiating disposal. 
$ portion oI issuabOe fl\�ash is aOso Pandated Ior 
supply at concessional rates to micro and small 
enterprises and local users within a 100-km radius 
of the plant. 

NLC India, NALCO sign MoU for thermal 
and RE collaboration

NLC India Limited and National Aluminium 
Company Limited (NALCO) have signed an MoU for 
collaborating on the development of thermal and 
renewable energy projects. The agreement provides 
a framework for cooperation in a proposed 1,200-
MW thermal captive power project and renewable 
energy development to meet NALCO’s captive and 
long-term power requirements. The collaboration 
will also explore long-term power tie-ups, including 
captive and group captive arrangements, coal supply 
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transmission planning. As reported, both countries 
have held discussions on commercial optimisation 
of power generation from the 1,020 MW 
Punatsangchhu II hydropower project and underlined 
early commissioning of the 1,200 MW Punatsangchhu 
I project to support Bhutan’s power exports and 
regional energy security. Discussions were also 
reported on the future roadmap for the Sankosh 
hydropower project and transmission infrastructure 
planning up to 2040. 

Bondada Engineering, Bryanston 
Renewables sign MoU for  
green-powered data centres

Bondada Engineering Limited (BEL) has signed 
an MoU with Bryanston Renewables FZCO, Dubai, 
UAE, to jointly develop green-powered data center 
packages in India and select international markets. 
The partnership aims at addressing the rapidly 
growing demand for sustainable digital infrastructure 
whiOe supportinJ the e[pansion oI enerJ\�eͦcient 
and renewable-powered data ecosystems. The MoU 
establishes a collaborative framework between the 
two companies to develop/deploy data centre project 
packages powered by green energy. These solutions 
will cater to domestic and international investors as 
well as data centre operators, aligning with India’s 
accelerating digital infrastructure growth and 
increasing focus on environmentally responsible 
data storage capacity.

World Bank approves USD 1.02 billion 
programme to enable regional 
electricity market in Central Asia

The World Bank has approved the regional 
electricity market interconnectivity and trade 
programme, a 10-year regional initiative to strengthen 
electricity cooperation, cross border power trade, 
and renewable energy integration across Central 
Asia. To be implemented in three phases, the 
proJraPPe is desiJned to estabOish the reJion̵s ͤrst 

arrangements, and potential joint project 
development, including the formation of a JV 
company.

REC and PFC boards provide in 
approval for merger

The Boards of Directors of REC Limited (REC) 
and Power Finance Corporation Limited (PFC) have 
provided in principle approvals for proceeding with a 
proposed merger of the two public sector non-
banNinJ ͤnanciaO coPpanies �1%)&s�� $s reported� 
the proposed restructuring will involve formulating a 
detailed merger scheme according to applicable 
laws and regulatory requirements, which will be 
placed before relevant authorities for approvals. 
PFC currently holds a 52.63 percent stake in REC, 
following the acquisition of the Government of 
India’s shareholding in REC in 2019.

MNRE issues fourth revised ALMM II for 
solar cells

The Ministry of New and Renewable Energy 
(MNRE) has issued the fourth revised approved list 
of models and manufacturers (ALMM) for solar 
cells. As per the updated list, Evervolt Solar 
7echnoOoJ\ ,ndia 3riYate /iPited has Ior the ͤrst 
time entered the ALMM II list with an enlisted annual 
capacity of 1,074 MW. Evervolt will manufacture 
mono passivated emitter rear contact solar cells 
sized 182.2 mm by 182.2 mm with 10 busbars, with 
eͦciencies ranJinJ IroP ������� percent� 7he 
revision also includes new model additions by 
existing manufacturers. 

INTERNATIONAL
India, Bhutan to cooperate on 
hydropower projects and transmission 
planning 

India and Bhutan have reportedly held discussions 
for strengthening cooperation in the power sector 
focused on hydropower development and long-term 



NEWS

| 96 | March 2026

regional electricity market. Phase-I will cover 
Kyrgyzstan, Tajikistan, and Uzbekistan along with 
the Central Asian countries’ coordinating dispatch 
centre, CDC Energia. Under this phase, participating 
entities will receive USD 143.2 million in grants and 
concessionaO ͤnancinJ� incOudinJ 86' ��� PiOOion 
from the International Development Association and 
USD 3.2 million from the Central Asia Water and 
Energy Program.

India and Iceland to explore CCUS and 
geothermal projects

India and Iceland are reportedly exploring 
cooperation for developing geothermal projects and 
carbon capture, utilisation and storage (CCUS) 
projects with public sector undertakings (PSUs), 
,ceOandic technoOoJ\ ͤrPs and research institutions� 
As reported, discussions between the two countries 
covered opportunities linked to India’s estimated 
10.6 GW geothermal potential, including ONGC’s 
Puga Valley project with potential capacity of up to 
100 MW.

Radiance Renewables raises USD 100 
million to expand RE portfolio in India

With an aim to support the next phase of its green 
energy expansion in India, Radiance Renewables has 
secured about USD 100 million in equity funding. 
Impact Fund Denmark and the Dutch entrepreneurial 
development bank have each reportedly committed 
investments of about USD 50 million. Radiance 
Renewables – backed by Eversource Capital – plans 
to depOo\ the capitaO across JreenͤeOd soOar proMects� 
hybrid wind solar assets, and behind the meter 
installations for its core commercial and industrial 
customers. As reported, the company plans to 
expand into battery energy storage solutions and 
invest in inter-state transmission projects. 

Adani Energy Solutions secures long-
term financing from Japanese banks 
for ±800 kV HVDC project

Adani Energy Solutions Limited (AESL) has 
reportedO\ secured OonJ�terP ͤnancinJ IroP a 
consortium of Japanese banks for a high-voltage 
direct (HVDC) current transmission project to 
strengthen renewable energy evacuation across 
northern India. The project involves development of a 
±800 kV HVDC transmission network with an 
evacuation capacity of 6,000 MW over a 950 km 
corridor connecting Bhadla in Rajasthan to Fatehpur 
in Uttar Pradesh. The project is expected to be 
commissioned by 2029. 

CORPORATE
Torrent Power to acquire Nabha Power 
from L&T for Rs68.89 billion

7orrent 3ower /iPited has entered into a deͤnitiYe 
agreement with L&T Power Development Limited, a 
wholly owned subsidiary of Larsen & Toubro, to 
acquire 100 percent equity stake and convertible 
instruments in Nabha Power Limited for Rs68.89 
billion. Nabha Power is a fully contracted thermal 
power asset with a reported revenue of Rs48.66 
billion in 2024-25. Post acquisition, Torrent Power’s 
operational capacity is expected to increase from 
about 5 GW to 6.4 GW.

Hartek secures substation orders worth 
Rs7.35 billion 

Hartek Group’s power systems business unit has 
secured cumulative orders across the utility, 
independent power producer, and industrial 
segments for substation and transmission 
infrastructure ranging from 66 kV to 765 kV. The 
orders are valued at Rs7.35 billion. The projects are 
reportedly spread across nine stated, including 
Jammu, Punjab, Haryana, Gujarat, Rajasthan, 
Madhya Pradesh, Maharashtra, Karnataka, and 
Andhra Pradesh. The projects awarded aim at 
strengthening regional and inter-state transmission 
networks and supporting power evacuation and grid 
reliability.

Tata Power commissions 765 kV 
transmission lines in Uttar Pradesh

Tata Power Company Limited has commissioned 
two 765 kV extra high voltage (EHV) transmission 
corridors in Uttar Pradesh totalling to 574 circuit 
kilometres (ckm) – the Mainpuri to Bara line spanning 
380 ckm and the Mainpuri to Unnao line spanning 
194 ckm. The corridors – developed under the South 
East UP Power Transmission Company Limited 
(SEUPPTCL) project – are expected to strengthen 
the Northern Grid while enabling large scale power 
evacuation across the state. Once operational, the 
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lines are likely to facilitate evacuation of more than 
3,000 MW of thermal power generated within Uttar 
Pradesh. The project executed involved over 42,000 
metric tonne of tower steel, 6,900 km of conductor 
stringing and completion of more than 100 major 
crossings, including railways, rivers and existing 
transmission corridors.

Genus Power deploys 10 million smart 
meters under RDSS

Genus Power, as an advanced metering 
infrastructure service provider (AMISP), has 
reportedly deployed 10 million smart meters under 
the revamped distribution sector scheme (RDSS) 
across distribution companies in nine states. To 
strengthen production capability, the company has 
also commissioned an integrated manufacturing 
facility at Kotputli, in addition to its existing facilities 
at Jaipur, Haridwar, and Guwahati. 

Bajel Projects secures ultra mega order 
for 765 kV inter-regional transmission 
corridor

Bajel Projects Limited has secured an ultra-
mega domestic engineering, procurement and 

construction (EPC) order of about Rs4 billion for 
developing high-capacity transmission 
infrastructure. The contract – designated as 
transmission line package TL02 – involves 
construction of the 765-kV Vindhyachal Pool-
Prayagraj double-circuit line part II under the inter-
regional North Region–West Region transmission 
system strengthening initiative. The line aims to 
relieve loading on the existing 765-kV Vindhyachal-
Varanasi double-circuit line and support more 
balanced power exchange between the northern 
and western grids.

KEC International secures  
USD 1.02 billion orders across  
several businesses

KEC International Limited has secured new orders 
worth Rs1.02 billion across its civil, transportation, 
transmission and distribution, and cables and 
conductors businesses. In T&D, the company has 
won 220 kV and 132 kV cabling works from a steel 
producer in eastern India and supply orders for 
towers, hardware and poles in the US. In cables and 
conductors, it has secured supply orders for various 
types of cables and conductors in India and overseas 
markets.

More power to you on every forex deal

Secured dealing on
a trusted platform

Real-time access to
Forex Market rates

Savings in forex 
conversion cost

Easy registration
process

A market-based solution 
for Importers, Exporters, 
MSMEs, Corporates, FPIs, 

NRIs and more

Better pricing 
& full 

transparency

Web-based 
platform for 

Forex 
Transactions

Choice of
multiple banks

to Buy/Sell Forex

1800 266 2109 / 022-6154 6313 

Book a Demo now!

supportfxretail@ccilindia.co.in

www.fxretail.co.in



ADVERTORIAL

| 98 | March 2026

Powering India’s Next 
Phase of Growth
With a legacy of more than five decades, KEI Industries Limited has built its 
reputation on the foundations of engineering excellence, uncompromising 
quality, and continuous innovation, and remains a committed partner in 
India’s growth story.

As India advances toward becoming a globally 
competitive, infrastructure-led economy, the 
dePand Ior saIe� eͦcient� and Iuture�read\ 

electrical systems continues to grow at an 
unprecedented pace. At the heart of this 
transformation stands KEI Industries 
Limited (KEI), playing a vital 
role in connecting national 
ambition with reliable, high-
performance solutions.

KEI is not just a 
manufacturer of wires and 
cables – it is a strategic enabler 
of India’s development journey. 
From large industrial corridors 
and smart cities to high-rise 
residential developments and 
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landmark infrastructure projects, KEI’s products 
form the essential backbone that supports progress, 
safety, and connectivity across the nation.

A Journey Defined by Quality and Innovation
:ith a OeJac\ oI Pore than ͤYe decades� .(, 

has built its reputation on the foundations of 
engineering excellence, uncompromising quality, 
and continuous innovation. As India’s energy 
and infrastructure sectors evolve toward smarter 
and greener solutions, KEI remains committed to 
adopting advanced technologies and sustainable 
manufacturing practices that align with both global 
standards and national priorities.

2ne oI the Post siJniͤcant PiOestones in this 
journey is the development of ConFlame Green+, 
a next-generation, environmentally responsible 

wiring solution. Designed 
with superior flaPe�
retardant properties, 
low smoke emission, 

and reduced toxicity, 
ConFlame Green+ 

responds to the growing 
need for enhanced safety 

and sustainability in modern 
construction and industrial 

applications.

Driving Safety with 
Sustainability

ConFlame Green+ represents 
KEI’s forward-looking approach to 
the future of electrical infrastructure. 

As safety norms and environmental, social, and 
governance (ESG) expectations become increasingly 
rigorous, this innovation enables customers and 
partners to meet compliance requirements while 
maintaining high standards of performance and 
reliability.

For developers, engineering, procurement and 
construction (EPC) contractors, architects, and 
project consultants, ConFlame Green+ offers 
a dependable, future-ready solution – one that 
balances protection, environmental responsibility, 
long-term value and high performance.

Extending Impact Beyond Projects
KEI’s presence is not limited to infrastructure 

and industrial sites alone. Through strategic brand 
initiatives and national-level engagements, KEI 
continues to build meaningful connections with 
households, professionals, and communities across 
India.

%\ aOiJninJ pOatIorPs that reflect YaOues oI 
performance, teamwork, and trust, KEI reinforces 
its promise of delivering products that stand for 
safety and reliability – whether powering large-
scale icons projects like the world’s tallest Statue of 
Unity, stadium, Parliament building, Ram Mandir, or 
everyday living spaces.

Strengthening the Framework of a Viksit 
Bharat

From power generation to transmission 
to distribution transport networks and power 
distribution systems to green buildings and 
expanding industrial zones, KEI remains a steadfast 
partner in India’s growth story.

KEI’s comprehensive portfolio includes house 
wires (ConFlame Green+, ConFlame FR, ConFlame 
FRLS, ConFlame HFFR), low tension (LT) power 
cables, high tension (HT) power cables, extra high 
voltage (EHV) cables, control and instrumentation 
cabOes� soOar cabOes� fle[ibOe cabOes� stainOess steeO 
wires, and specialty cables – each engineered to 
deliver safety, durability, and performance across 
diverse applications.

Guided by innovation, sustainability, and a 
people-centric vision, KEI is not merely laying wires 
and cables – it is helping shape the foundation of a 
safer, smarter, and truly Viksit Bharat.

$s the nation PoYes conͤdentO\ toward a 
Iuture deͤned b\ proJress and resiOience� .(, wiOO 
continue to lead with integrity, responsibility, and 
lasting impact.
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Digital Insulation Tester 

Smart Water Meter

Meco Instruments Pvt Ltd’s model 
DIT 918+ is a ��� N9���� *ƃ digital 
insulation tester that measures 

insuOation resistance up to ��� *ƃ� YoOtaJe 
up to ��� 9 $& and ����� 9 '&� ,t aOso has 
a speciaO Iunction oI PeasurinJ poOarisation 
inde[ �3,� and dieOectric absorption ratio 
�'$5�� 

The ',7 ���� diJitaO insuOation tester̵s 
Ieatures incOude� /arJe /&' dispOa\ oI ��� 
[ �� dot�Patri[� hiJh accurac\ Ior insuOation 
PeasurePent Ior $&�'& YoOtaJe� ranJe 
seOection and sinJOe person push button 
operation� data hoOdinJ Iunction� auto 
ranJe �insuOation test�� red /(' indicator 
and red bacNOiJht Ior hiJh YoOtaJe �+9�� 
batter\ operated� ,6 �����������coPpOiant� 
as per 6aIet\ 6tandard ,(&�(1 ������� and ������
��� 2Yer 9oOtaJe &$7 ,,� ��� 9� and as per (0& 
6tandard ,(& ������&Oass %�

HPL Electric & Power Ltd (HPL) has launched 
‘Neeram Pulse’ – its smart water metering 
solution enJineered Ior accurate PeasurePent 

and seaPOess inteJration with autoPatic Peter 
readinJ �$05��adYanced Peter inIrastructure �$0,� 
s\stePs� aiPed at supportinJ utiOities and sPart cit\ 
proJraPPes as water networNs transition to data�Oed 
operations. 

1eeraP 3uOse has been desiJned Ior depOo\Pent 
enYironPents where robustness� OonJ OiIe and taPper 
resiOience are as criticaO as PeterinJ accurac\�

,ts features include:
̽ %uiOt to internationaO and ,ndian standards� 

,6��������� and ,62 ����� 
̽ +iJh�accurac\� OonJ�OiIe PeterinJ pOatIorP with 

dr\ diaO PuOti�Met reJister and shieOded PaJnetic 
coupOinJ� 

̽ 7aPper and PaJnetic interIerence detection� 
supportinJ stronJer reYenue assurance� 

̽ ,3�� IuOO\ seaOed water bod\� desiJned Ior 
chaOOenJinJ ͤeOd conditions� 

̽ $05�read\ with coPPunication options incOudinJ 
/o5a 5)� 

̽ 8p to �� \ears batter\ OiIe �subMect to conͤJuration 
and operatinJ conditions�� 

This is the best tooO Ior testinJ insuOation 
resistance and YoOtaJe oI transIorPers� switches� +9 
s\stePs� wires� cabOes� appOiances and Potors� 
aPonJ others�

6eOect hiJhOiJhts oI the 
adYanced $05 PoduOe 
capabiOities incOude�
̽ 5eYerse flow detection and recordinJ� with aOarP 

Jeneration� 
̽ /eaNaJe detection and aOarPs throuJh +(6� 

supportinJ Iaster identiͤcation oI Oosses� 
̽ (Yent aOarPs incOudinJ PoduOe rePoYaO� PaJnetic 

Iraud attePpt� bacNward flow and batter\ Oow� 
̽ /o5a 5) interIace with IreTuenc\ band ���̰��� 

0+] and stated /26 readinJ distance �as per 
cataOoJue�� 

Smart Water Meter

6eOect hiJhOiJhts oI the 
adYanced $05 PoduOe 
capabiOities incOude�
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Global Scenario
Global Electricity Networks

Source: WEO 2025, SYSTEMIQ

POWER STATISTICS

Average annual grid investment by economic grouping in the CPS to 2035

Expansion of grid lines by driver in selected region/country in the CPS, 2024-2050
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Target of 5 years FY23 – FY27 vs Achievement till Sep 25 (Apr 22 to Sep 25)

As per IEEMA study on demand landscaping of electrical equipment by 2032

Indian Scenario
Indian Transmission Line and Distribution Sector

Source: IEEMA, CEA

POWER STATISTICS

Target
Apr 22 – Mar 27
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Basic Prices and Indices

as on  
December 1, 2025

IRON, STEEL & STEEL PRODUCTS

BLOOMS (SBLR)  150mmX150mm 42214.00

BILLETS (SBIR) 100MM 44710.00

CRNGO Electrical Steel Sheets 
M-45,C-6 (Ex-Rsp) 117.45

CRGO Electrical Steel Lamination 567918.00

NON-FERROUS METALS

Electrolytic High Grade Zinc 324500.00

Lead (99.97%) 208000.00

Copper Wire Bars 1119649.00

Copper Wire Rods 1144212.00

Aluminium Ingots - EC Grade (IS 4026-
1987) 312808.00

Aluminuium Properzi Rods - EC Grade 
(IS5484 1978) 317892.00

Aluminium Busbar (IS 5082 1998) 386000.00

OTHER RAW MATERIALS

Epoxy Resin CT - 5900 766.00

Phenolic Moulding Powder 115.10

PVC Compound - Grade CW- 22 151825.00

PVC Compound Grade HR - 11 152825.00

Transformer Oil Base Stock (TOBS) 99771.00

OTHER IEEMA INDEX NUMBERS 

(IN-BUSDUCTS) (BASE August 
2000=100) FOR THE MONTH October 
2025

408.45

(IN - WT) (BASE JUNE 2000=100) 422.50

(IN-INSLR) Wholesale price index 
number for 'Insulators' (Base 2011-12 
= 100) for the month October 2025

135.20

(FE) Wholesale price index number for 
'Manufacture of Basic Metals (Base 
2011-12 = 100) for the month October 
2025

137.10

(FP) Wholesale price index number for' 
Fuel & Power (Base 2011-12 = 100) for  
the month October 2025

145.20

(W) ALL INDIA AVERAGE CONSUMER 
PRICE INDEX NUMBER FOR 
INDUSTRIAL WORKERS (BASE 
2016=100) October 2025

147.70

# Estimated, NA: Not available
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Production Statistics

Name of Product ACC
Unit

Production Highest 
Annual

Production
For the Month

Sept.-25
 From Oct. 24

to Sept. 25
Electric Motors           
AC Motors - LT 000' KW 1,823.00 20,087.00 20,043.00 
AC Motors - HT        000' KW 495.00 5,675.00 5,724.00 
DC Motors 000' KW 32.00 405.00 618.00 

Switchgears *     
Contactors 000' Nos. 1,526.00 18,030.00 17,639.00 
Motor Starters 000' Nos. 146.00 2,322.00 2,519.00 
SDF 000' Nos. 59.00 673.00 752.00 
Circuit Breakers DIN Rail Mounted 000' Poles 22,144.00 264,723.00 251,710.00 
Circuit Breakers - LT Nos. 653,169.00 7,009,039.00 6,257,425.00 
Circuit Breakers - HT Nos. 8,362.00 96,067.00 119,282.00 
Custom Built Product Rs. Lakhs 57,329.00 405,136.00 452,536.00 
HRC Fuses & Overload Relays 000' Nos. 1,577.00 21,532.00 21,910.00 

Power Cables * KM 111,730.00 1,103,100.00 1,104,504.00 

Power Capacitors - LT & HT   000' KVAR 7,496.00 67,859.00 65,385.00 

Transformers *
Distribution Transformers    000' KVA 7,391.00 32,416.00 74,025.00 
Power Transformers 000' KVA 76,271.00 266,567.00 244,163.00 

Instrument Transformers   
Current Transformers 000' Nos. 157.00 6,659.00 7,800.00 
Voltage Transformers Nos. 17,664.00 226,538.00 217,752.00 

Energy Meters             000' Nos. 5,087.00 47,954.00 38,545.00 

Transmission Line Towers * 000' MT 110.00 1,249.00 1,166.00 

* Weighted Production Source: IEEMA
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CORPORATE COUPS
BY: RG Keswani

SHOCKS

SPARKS
and

It was nearly 3 pm and the irate Sales Manager 
complained to his secretary. “This new  
salesman is so forgetful. I wonder whether  
he will be able to do justice to his job. I told him  
to bring a sandwich for me after his lunch.”  
Just then the door flew open and in bounced  
the salesman.

“Sir, you’ll never be able to guess it, I got an  
order of over a lakh of rupees. While I was having 
lunch, I met the manager of a large store. We got 
talking and he gave me this order” said the 
salesman looking at the sales manager for an 
appreciation.

“See” sighed the sales manager to his secretary “I 
told you. He’d forget the sandwich.”

Attendance at the council meetings of an 
Association was extremely poor and the last 
meeting was attended by only the president and 
one of the vice presidents. 

New president wrote to each member informing 
him that he was the ‘Guest of Honour’ at the next 
meeting enclosing a badge with such inscription. 
All 25 members attended the meeting with badge 
on their lapels and arrived on the dot.
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MS033, MS400, MS1200

From 415V to 1200kV
One device. Zero contact.

Your safety net
in the field

Non-Contact Voltage Detector

Your safety net

From 415V to 1200kV
One device. Zero contact.

Your safety netYour safety net

The MS Series are a range of non-contact voltage detector 
designed to detect the presence of alternating high voltage 
electric fields without making direct electrical contact. These 
detectors provide critical safety assurance for professionals 
working on or near energized systems in utility, industrial, and 
transmission sectors.

Scan the QR code
for more information
or visit megger.com
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