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Hkkjr esa [knku can oQjus oQh 
j.kuhfr;k¡& ,oQ leh{kk

MkWú eukst oqQekj1] nsosUnz izú flag2] fouksn oqQú ik.Ms;2

lkjka'k

;g leh{kk ys[k&i=k ekbu Iyku xkbMykbu o"kZ 2020 ,oa o"kZ 2024 ij vk/kfjr gSA 
[kuu vkSj [knku can oQjus vkSj iquokZl oQh ;kstuk vkSj mlosQ ifjpkyu izFkkvksa oQh 
ekSfyoQ vo/kj.kk oQks mtkxj oQjus oQk iz;kl foQ;k x;k gSA ;g leh{kk i=k oSf'ooQ 
lekurk oQks mtkxj oQjrs gq, Hkkjr esa [kuu can oQjus osQ fy, viukbZ tkus okyh fofHkUu 
izFkkvksa oQk voyksoQu iznku oQjus oQk iz;kl oQjrk gSA ;g leh{kkReoQ ys[k varjjk"Vªh; 
vkSj Hkkjrh; izFkkvksa vkSj Ik;kZoj.k oQh n`f"V ls fVoQkmQ vkSj foosoQiw.kZrk ls [kuu can 
oQjus oQh j.kuhfr;ksa vkSj varjky oQh igpku osQ iz;klksa osQ ckjs esa izoQk'k Mkyrk gSA ubZ 
xkbMykbu oSQls vius iwoZorhZ xkbMykbu ls fHkUu gSA vko';oQ fo'ks"krkvksa ls lqlfTtr 
bl ubZ xkbMykbu oQh xgu vè;;u oQj foLr`r fo'ys"k.k ls irk pyrk gS foQ 2024 
oQk xkbMykbu nwjxkeh izHkko MkysxkA blosQ oQkj.k oqQy 20 [kaMksa@mi[kaMksa ij izHkko iM+k 
gSA oqQy 5 vè;k;] 11 ifjHkk"kk ,oa 9 ifjf'k"V tksM+ oQj bls roZQ laxr foQ;k x;k gSA 
oqQN [kaMksaa oQks foyksfir oQj oqQN u, mica/ Hkh tksM+s x, gSaA ^^tLV VªkaliQkWesZ'ku]** 
^^jsLVksjs'ku o fjijiflax** ,oa ^^yksx o leqnk;]** [knku can oQjus osQ fy, le;  
fu/kZj.k foQ ,oQ ubZ O;oLFkk oQh xbZ gS& [kuu can gksus osQ ckn oQh vof/ 3 (rhu) 
o"kZ ekuh tk,xh vkSj can gksus osQ ckn oQh fuxjkuh vof/ mlosQ ckn 2 (nks) o"kZ osQ 
fy, gksxhA ;g ys[k oQks;yk [knku izca/oQksa oQks ekbu Dykstj osQ lHkh vk;keksa oQks csgrj 
<ax ls le>us esa enn oQjsxkA

oqaQth% ^^tLV VªkaliQkWeZs'ku**] ^^jsLVksjs'ku o fjijiflax** ,oa ^^yksx o leqnk;**]

1ojh; izca/oQ] Ik;kZoj.k izHkkx lh,eihMhvkbZ eq[;ky; jk¡phA

2egkizca/oQ] Ik;kZoj.k izHkkx lh,eihMhvkbZ eq[;ky; jk¡phA
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Abstract

This review article is based on the Mine Plan Guidelines for the 
year 2020 and 2024. An attempt has been made to highlight the 
fundamental concepts of mining and mine closure and rehabilitation 
planning and its operational practices. This review paper attempts 
to provide an overview of the various practices adopted for 
decommissioning in India while highlighting global similarities. 
This review article highlights international and Indian practices 
and efforts to identify strategies and gaps in mining closures in 
an environmentally sustainable and prudent manner. The new 
guideline is different from its previous guideline. An in-depth study 
of this new guideline equipped with essential features and a detailed 
analysis shows that the 2024 guideline will have a far-reaching 
impact. Due to this, a total of 20 sections/sub-sections have been 
affected. It has been made logical by adding a total of 5 chapters, 11 
definitions and 9 appendices. Some sections have been deleted and 
some new provisions have also been added. "Just Transformation", 
"Restoration and Repurposing" and "people and Community", along 
with a new system has been made to determine the time frame for 
mine closure - the period after closure of mining will be considered 
to be 3 (three) years and after the closure the subsequent monitoring 
period thereafter will be for 2 (two) years. This article will help coal 
mine managers to better understand all dimensions of mine closure.

Keyword: Just Transformation, Restoration and Repurposing and 
People & Community

[kfut&,OkQ lhfer vkSj xSj&uohoQj.kh; gksus osQ oQkj.k 
ewY;oku izko`QfroQ lalk/u gSaA os oQbZ cqfu;knh m|ksxksa osQ 
fy, egRoiw.kZ oQPps eky oQk fuekZ.k oQjrs gSa vkSj fooQkl 
osQ fy, ,OkQ izeq[k lalk/u gSaA Hkkjr esa [kfut fu"oQ"kZ.k 
(,DlVª'ku) oQk bfrgkl gM+Iik lH;rk osQ fnuksa oQk gSA 
izpqj le`¼ HkaMkj osQ :Ik esa [kfutksa oQh O;kioQ miyC/rk  
us bls Hkkjr esa [kuu {ks=k oQh o`f¼ vkSj fooQkl osQ fy, 
cgqr vuqowQy cuk fn;kA ij vkt vko';oQrk gS Ik;kZoj.
kh; :Ik ls LFkk;h rjhosQ ls [knkuksa oQk can oQjus foQ 
ifjoQYiukA [knku can oQk O;kioQ fl¼kar la;qDr jk"Vª osQ 

lrr fooQkl y{;ksa (SDGs) esa Hkh ifjyf{kr gksrk gS] 
ftls 2015 esa viuk;k x;k FkkA Hkkjr esa] [kfut lalk/u 
fu"oQ"kZ.k oQk cks> vfu;ksftr [knku can oQjus vkSj vizkI; 
vkSj ifjR;Dr Hkwfe osQ cM+s {ks=kksa oQh olh;r ij iM+k gSA 
gky osQ fnuksa esa [kuu oQk;Z Ik;kZoj.k laj{k.k oQh ijokg 
foQ, fcuk nks"kiw.kZ rjhoQksa vksj xSj ftEesnkjksa izFkkvksa osQ lkFk 
foQ, tk jgs FksA bl izoQkj oQh xfrfof/;ksa osQ ifj.kkeLo:Ik 
vklikl osQ {ks=kksa esa [kuu osQ izko`QfroQ ikfjfLFkfroQ ra=k 
oQh vifjorZuh; gkfu gqbZ gSA

Ikfjp;%
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oQks;yk ea=kky;] Hkkjr ljoQkj o ekbu Dykstj

oQksy bafM;k o ekbu Dykstj

Lkh,eihMhvkbZ o ekbu oQkWytj

[knku can oQjuk ,oQ ,oQy&pj.k oQh izfozQ;k ugha gS] blfy, 
osQoy thou osQ var pj.k osQ ctk; iwjs [kuu thoupozQ 
esa ,oQ fuckZ/ laozQe.k izkIr oQjus osQ fy, cgqvk;keh 
j.kuhfr;k¡] nh?kZoQkfyoQ izca/u vkSj mfpr ifjJe egRoiw.kZ  
gSaA blosQ fy, Hkkjr ljoQkj us le;&le; ij oQbZ 
xkbMykbu tkjh foQ, gSaA oQks;yk [knkuksa oQks ftEesnkj vkSj 
Ik;kZoj.k osQ izfr tkx:oQ gksoQj can oQjus oQks lqfuf'pr 
oQjus oQh fn'kk esa ,oQ egRoiw.kZ oQne osQ :Ik esa] oQks;yk 
ea=kk;y us ifjR;Dr vkSj can iM+s [knkuksa osQ lek/ku osQ 
fy, igy oQh gSA ,sfrgkfloQ :Ik ls] [knkuksa oQks can oQjus 
oQh izfozQ;k,¡ vfu;af=kr jgh gSa] ftuosQ rgr mioQj.k vkSj 

lkexzh oQks NksM+ fn;k tkrk gS vkSj [knku LFky misf{kr 
iM+s jgrs gSaA ,oQ O;ofLFkr n`f"VoQks.k oQh vko';oQrk oQh 
t:jr oQks le>rs gq,] ea=kky; us 2009 esa [knku can oQjus 
osQ fn'kkfunsZ'k is'k foQ,] ftUgsa ckn esa 2013 vkSj 2020 
esa la'kksf/r foQ;k x;kA blosQ lkFk gh [kku ea=kky;] Hkkjr 
ljoQkj us 2009 ls igys can gqbZ [knkuksa osQ izca/u osQ fy, 
vDVwcj 2022 esa fn'kkfunsZ'k tkjh foQ, vkSj mUgsa orZeku 
esa can] ifjR;Dr ;k vafre :Ik ls can osQ :Ik esa oxhZo`Qr 
foQ;kA buesa Ik;kZoj.kh; izHkko oQks oQe oQjrs gq, lqjf{kr 
vkSj LFkkbZ vk/kj ij [knku can oQjus ij tksj fn;k x;k gSA

oQksy bafM;k fyfeVsM us ea=kky; osQ n`f"VoQks.k osQ vuq:Ik 
[knkuksa oQh igpku oQh gS vkSj mUgsa can oQjus oQh fn'kk 
esa lfozQ; oQne mBk, gSaA 2009 ls igys oQh 169 vkSj 
2009 osQ ckn oQh 130 [knkuksa oQh igpku oQh xbZ gS] 
ftUgsa orZeku esa can] ifjR;Dr ;k vafre :i ls can ekuk 
tkrk gSA buesa ls 2009 ls igys oQh 66 [knkusa vafre 
:Ik esa can oQjus osQ fy, fpfUgr oQh x;ha gSa] ftuesa ls 
63 [knkuksa osQ fy, vafre :Ik ls [knku can oQjus oQh 
;kstuk,¡ (,iQ,elhih) ifjJeiwoZoQ rS;kj oQh xbZ gSaA blosQ 
vfrfjDr] 2009 ls igys oQh 16 [knkuksa oQks vLFkk;h rkSj 
ij can oQjus osQ fy, fpfUgr foQ;k x;k gS] ftuesa ls 
izR;soQ osQ fy, [knku can oQjus oQh O;kioQ vLFkk;h ;kstuk 

(Vh,elhih) fooQflr oQh xbZ gSA

2009 osQ ckn oQh [knkuksa osQ laca/ esa] oQksy bafM;k fyfeVsM 
lfozQ; :Ik ls 35 ,iQ,elhih rS;kj oQj jgk gS] tks 
[knku can oQjus oQh ftEesnkj izfrc¼rk oQks iznf'Zkr oQjrk 
gSA blosQ lkFk gh] flaxjsuh oQksfy;jht oaQiuh fyfeVsM 
(,llhlh,y) us 2009 ls igys oQh Ng [knkuksa oQks 
vLFkk;h :i ls can oQjus osQ fy, vkSj 2009 osQ ckn oQh 
ik¡p [knkuksa oQks vafre :Ik ls can oQjus osQ fy, fpfUgr 
foQ;k gSA mYys[kuh; gS foQ bu fpfUgr [knkuksa osQ fy, 
[knku can oQjus oQh xfrfof/;k¡ igys ls gh py jgh gSa] 
tks lrr~ Ik;kZoj.k osQ fy, oQksy bafM;k fyfeVsM vkSj 
,llhlh,y] nksuksa oQh izfrc¼rk oQks js[kkafoQr oQjrh gSaA

[knku can oQjus oQh bu O;kioQ xfrfof/;kssa oQks lqO;ofLFkr 
oQjus vkSj fuxjkuh oQjus osQ fy,] lasVªy ekbu Iykfuax ,aM 
fMtkbu baLVhV~;wV (lh,eihMhvkbZ) us ,oQ iksVZy fooQflr 
foQ;k gSA ;g osaQnzho`Qr lzksr] [knku can oQjus oQh xfrfof/;ksaa 
oQh fuxjkuh oQh lqfo/k nsrk gS] ftuesa iquZizkfIr] can gksus 
osQ ckn ok;q vkSj ty oQh xq.koÙkk] Hkwfe iquZmi;ksx vkSj 
lkekftoQ leFkZu mik; 'kkfey gSaA lkewfgoQ :Ik ls ;s 
igys [knku can oQjus oQh ftEesnkj vkSj oSKkfuoQ :Ik ls 
lqn`<+ iz;kl osQ :Ik esa ,oQ vkn'kZ cnyko oQk laosQr nsrh 
gSa] tks Ik;kZoj.k izca/u vkSj lkeqnkf;oQ oQY;k.k osQ fy, 

oQks;yk ea=kky; oQh izfrc¼rk osQ vuq:Ik Hkh gSaA

Lkh,eihMhvkbZ ,d ijke'kZ laLFkku osQ :Ik esa oQksy bafM;k 
osQ vuq"kaxh boQkb;ksa osQ lkFk&lkFk oQks;ys ls tqM+h vU; 
laLFkkuksa osQ fy, Hkh ekbu Dykstsj] izxzsflo ,oa iQkbuy 
ekbu Dykstsj fjiksVZ rS;kj oQjrh gSA lh,eihMhvkbZ 
oQks oQk;kZns'k feyus ij 3rd ikVhZ vkWfMV Hkh oQjrh gSA 
lh,eihMhvkbZ osQ vuqHko ,oa Jerk oQks ns[krs gq, bls 
,oQ izeq[k vkWfMV laLFkku osQ :Ik esa ekU;rk feyh gSA bl 
laLFkk oQks u, xkbMykbu osQ ifjf'k"V&V esa ,oQ fof'k"V 
LFkku fn;k x;k gSA



Minetech, Volume 45, No 2, April-June 2024 
6

izHkkoh ekbu Dykstj ;kstuk osQ ifj.kke%

	z fgr/kjoQksa osQ lkFk yxkrkj vkSj ikjn'khZ tqM+koA

	z liQy lekiu oQks js[kakfoQr oQjus okyh oQkjZokb;ksa 
oQh ;kstuk cukus vkSj mUgsa ykxw oQjus esa lkewnkf;oQ 
HkkxhnkjhA

	z lekiu fu.kZ;ksa oQk fgr/kjoQ leFkZuA

	z [kuu thou pozQ osQ nkSjku lekiu oQk csgrj 
izca/uA

	z vf/oQ lVhoQ lekiu ykxr vuqekuA

	z tksf[keksa oQh 'kh?kz igpku vkSj 'keu j.kuhfr;k¡A

	z nsunkfj;ksa esa mÙkjksÙkj oQehA

	z lekiu osQ ckn oQh vof/ osQ fy, ,oQ lger 
n`f"VoQks.k oQh fn'kk esa oQke oQjukA

	z tSls&tSls [knku ifjpkyu ls can gksus oQh vksj c<+ jgh 
gS] izHkkfor fgr/kjoQksa osQ fy, ,oQ csgrj lkekftoQ 
ifjorZuA

	z LFkk;h ykHk osQ voljksa oQks igpkuk tk jgk gS vkSj 
Ik;kZIr :Ik ls ;kstuk cukbZ tk jgh gS oQks;yk ea=kky; 
us [knku can oQjus oQh O;kioQ j.kuhfr;ksa oQh igy oQh 
'kq:vkr oQhA ifjR;Dr@oÙkZeku esa can iM+s [knkuksa oQks 
oSKkfuoQ <ax ls can oQjus ij fo'ks"k è;ku] vc roQ 
299 [knkuksa oQh igpku oQh xbZA

Ekkbu Dykstj o oÙkZeku xkbMykbu
Hkkjr ljoQkj us le;&le; ij [knku can oQjus oQh :ijs[kk 
oQks etcwr oQjus vkSj loksZÙke varjjk"Vªh; rkSj&rjhoQksa oQks 
viukus osQ fy, ekStwnk [knku ;kstuk fn'kkfunsZ'kksa oQh 
leh{kk oQjus osQ fy, ,oQ fo'ks"kK lfefr fu;qDr oQh 

gSA oQks;yk vkSj fyXukbV CykWoQ osQ fy, [kku ea=kky;] 
Hkkjr ljoQkj }kjk tkjh [kuu ;kstuk fn'kkfunsZ'k osQ 
vuqlkj [knku can oQjus oQh ;kstuk 2024 osQ la'kks/uksa 
oQks rkfyoQk 1 esa fn[kk;k x;k gSA

rkfyoQk 1% [kuu ;kstuk fn'kkfunsZ'k osQ vuqlkj [knku can oQjus oQh ;kstuk esa la'kks/u

Ikkjk la[;k Ikkjk la[;k

2020 2024 2020 2024

2 3-1 2-11 3-7

2-1 4-8
2-12

4-10

2-2 3-4 3-5-5 (i)

2-3 4-8 2-13 4-11

2-4 4-9 2-14 4-11 (ii)

2-5 3-5 2-15 3-5-4

2-6 3-5-1 2-16 3-8

2-7 3-5-2 2-17 3-9

2-8 3-5-3 2-18 3-5-5 (iii)

2-9 3-6 2-19 4-12

2-10 3-6 a.
lzksr % oQks;yk vkSj fyXukbV CykWoQ osQ fy, [kku ea=kky;] Hkkjr ljoQkj }kjk tkjh [kuu ;kstuk fn'kkfunsZ'k 2020 o 2024-
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[kuu oaQiuh@[kku ekfyoQ@izLrkooQ oQh ftEesnkjh
oQks;yk vkSj fyXukbV CykWoQ osQ fy, [kku ea=kky;] Hkkjr ljoQkj }kjk tkjh [kuu ;kstuk fn'kkfunsZ'k osQ vuqlkj [kuu 
oaQiuh@[kku ekfyoQ@izLrkooQ oQh ftEesnkjh oQks rkfyoQk 2 esa laoQfyr oQh xbZ gS%&

rkfyoQk 2% [kuu oaQiuh@[kku ekfyoQ@izLrkooQ oQh ftEesnkjh

Xkfrfof/ fooj.k

fn'kkfunsZ'k oQk iSjk 
la[;k

2020 2024

Ekkbu Dykstj Iyku oQh eatwjhA

Ekkbu Dykstj Iyku o iQkbuy ekbu Dykstj Iyku [kuu ;kstuk 
oQk vfHkUu vax gksxhA ekbu Dykstj Iyku o iQkbuy ekbu 
Dykstj Iyku oQh vyx ls eatwjh osQ izko/ku oQks [kRe oQj 
fn;k x;k (2020 osQ izko/ku) Fkk oQks ;Fkkor j[kk x;k gSA

1 1.1(C)

Ikzxfr'khy ekbu Dykstj IykuA
[kuu oQk;Z 'kq: gksus osQ gj ik¡p lky oQh vof/ osQ fy, 
izxfr'khy ekbu Dykstj Iyku rS;kj oQh tk,xhA

2-2 3-4

izR;soQ 5 o"kZ osQ ckn 
izxfr'khy ekbu Dykstj Iyku 
oQk iqujh{k.kA

izxfr'khy ekbu Dykstj Iyku oQh gj ik¡p lky oQh vof/ 
esa iqujh{k.k foQ;k tk,xk vkSj le;&le; ij osaQnz ljoQkj  
}kjk vuqeksfnr rhljs i{k oQh ,tsafl;ksa }kjk bloQh tk¡p@fuxjkuh 
oQh tk,xhA

2-2 3-4

iQkbuy ekbu Dykstj Iyku 
oQks rS;kj oQjuk ,oa mloQk 
vuqeksnuA

[kuu ;kstuk oQk fooj.k ftlesa iQkbuy ekbu Dykstj Iyku 
oQh fofHkUUk xfrfof/;ksa oQh vn~;ru ykxr vuqekuksa oQk C;kSjk 
rFkk igys ls LFkkfir ,LozQks [kkrk oQh tkuoQkjh gh lkFk [knku 
osQ can gksus osQ oQe ls oQe ik¡p lky igys vuqeksnu osQ fy, 
vuqeksnu izkf/oQkjh oQks izLrqr oQjuk gksxkA

2-9 3-6

,iQ,elhih oQh iw.kZrk osQ 
fy, rhljs i{k oQh ys[kkijh{kk 
gsrq laLFkku@laxBu@,tsalh oQks 
fu;qDr oQjukA

iQkbuy ekbu Dykstj Iyku oQk lekiu rHkh ekuk tk,xk tc 
ekbu Dykstj Iyku osQ lHkh izko/kuksa osQ vuqikyu ij oQks;yk 
fu;a=koQ }kjk r``rh;&i{k vkWfMV fjiksVZ oQh Loho`Qfr gks xbZ gksA

bl mn~ns'; osQ fy, ljoQkj }kjk fufnZ"V foQlh Hkh laLFkku@
laxBu@,tsalh oQks ,oQ vkRefuHkZj ikfjfLFkfroQh ra=k cukus osQ 
fy, rhljs i{k osQ vkWfMV osQ fy, fu;qDr foQ;k tk loQrk gSA 

fufnZ"V vof/ osQ Hkhrj cgkyh esa foiQyrk osQ ifj.kkeLo:Ik 
iSjk 3-5-1 vkSj 3-5-2 osQ vuqlkj cuk, x, ,LozQks [kkrs oQks 
tCr foQ;k tk loQrk gSA

iQkbuy ekbu Dykstj Iyku oQh fofHkUu xfrfof/;ksa oQh vn~;ru 
ykxr vuqeku vkSj igys ls LFkkfir ,LozQks [kkrs osQ fooj.k 
osQ lkFk iQkbuy ekbu Dykstj Iyku oQk fooj.k iQkbuy ekbu 
Dykstj Iyku osQ vuqeksnu osQ le; izLrqr foQ;k tkuk gksxkA

2-10 3-6a
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Xkfrfof/ fooj.k

fn'kkfunsZ'k oQk iSjk 
la[;k

2020 2024

,LozQks [kkrs ls fuoQklh osQ 
fy, rhljs i{k osQ vkWfMV osQ 
fy, laLFkku@laxBu@,tsalh oQks 
'kkfey oQjukA

,LozQks [kkrs ls fuoQklh osQ fy, ekbu Dykstj Iyku oQh gj 
ik¡p lky oQh vof/ esa le;&le; ij tk¡p oQh tk,xh 
,oa bloQh vkWfMV foQlh rhljs i{k ;Fkk lh,eihMhvkbZ,y] 
jk"Vªh; Ik;kZoj.k bathfu;fjax vuqla/ku laLFkku (,ubZbZvkjvkbZ)] 
Hkkjrh; izkS|ksfxoQh laLFkku (vkbZvkbZVh&vkbZ,l,e) ;k bl 
mís'; osQ fy, le;&le; ij fufnZ"V oQksbZ vU; laLFkku@
laxBu@,tsafl;k¡ tSlh osaQnz ljoQkj }kjk vuqeksfnr ,tsafl;ksa 
(ifjf'k"V&V ns[ksa) }kjk oQh tk,xhA

2-2

3-4 

3-5-5 (i)

Lkhlhvks ls izfriwfrZ osQ fy, 
nkok oQjukA

iSjk 3-4 osQ vuqlkj Dykstj Iyku oQh vkof/oQ tk¡p osQ mijkar 
,LozQks [kkrs esa vftZr C;kt lfgr oqQy tek jkf'k oQk 50%  
roQ gj ik¡p lky osQ ckn izfriwfrZ nkok oQj fuoQklh foQ tk 
loQrh gSA

2-12 3-5-5 (i)

Loho`Qr ekbu Dykstj Iyku 
oQk oQk;kZUo;uA

LohòQr ekbu Dykstj Iyku oQk oQk;kZUo;u gsrq [kuu oQks pj.kc¼ 
rjhosQ ls foQ;k tkuk gS ;kuh [knku oQh Hkw&[kuu fLFkfr;ksa 
osQ vk/kj ij lapkyu osQ vuqozQe oQks bafxr oQjrs gq, [kuu 
xfrfof/;ksa oQks ,oQ pj.k ls nwljs pj.k roQ tkjh j[kuk gksxkA

2-12

4-10

3-5-5 (i)

vuqikyu fjiksVZ ,oa opui=kA

iQkbuy ekbu Dykstj var esa ,LozQks [kkrs esa tek oQh xbZ 'ks"k 
jkf'k (,LozQks iaQM$vftZr C;kt&izxfr'khy [knku can oQjus osQ 
fy, igys ls gh izfriwfrZ oQh xbZ jkf'k) tkjh oQjus osQ fy,] 
[knku osQ ekfyoQ oQks oQks;yk fu;a=koQ laxBu }kjk tkjh izek.k 
i=k osQ lkFk fof/or gLrk{kfjr vuqikyu fjiksVZ tek oQjuh 
gksxh] ftlesa oQgk x;k gksxk foQ [knku can oQjus esa lHkh 
oS/kfuoQ fu;eksa ,oa osaQnz ;k jkT; ljoQkj] oS/kfuoQ laxBuksa] 
U;k;ky; vkfn }kjk cuk, x, lHkh vkns'k o fofu;e oQk 
ikyu foQ;k gSA blesa fuoQkys tkus ;ksX; vuqekfur oQks;yk 
HkaMkj vkSj okLro esa [kuu foQ, x, oQks;ys foQ Hkh tkuoQkjh 
gksuh pkfg,A

2-12 

,oa 

2-18

4-10

3-5-5 (i)

3-5-5 
(iii)

iquxZzg.k ,oa iquokZl lfgr 
lqj{kkReoQ mik;ksa oQk 
oQk;kZUo;uA

oaQiuh osQ ekfyoQ oQks ;g lqfuf'pr oQjuk gksxk foQ [knku 
can oQjus oQh ;kstuk esa 'kkfey lqj{kkReoQ mik;] ftlesa lq/kj 
vkSj iquokZl oQk;Z 'kkfey gSa] vuqeksfnr ekbu Dykstj Iyku o 
iQkbuy ekbu Dykstj Iyku osQ vuqlkj foQ, x, gSaA

2-13 4-11
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Xkfrfof/ fooj.k

fn'kkfunsZ'k oQk iSjk 
la[;k

2020 2024

Lkaj{k.k ,oa iquokZl oQh okf"kZoQ 
fjiksVZ (izfrosnu)A

oaQiuh osQ ekfyoQ oQks izR;soQ o"kZ 1 tqykbZ ls igys oQks;yk 
fu;a=koQ oQks ,oQ okf"kZoQ fjiksVZ izLrqr oQjuh gksxh] ftlesa 
vuqeksfnr [knku can oQjus oQh ;kstuk (izxfr'khy vkSj iQkbuy 
ekbu Dykstj Iyku) esa ifjoQfYir mik; osQ vuqlkj foQ, x, 
lqj{kkReoQ vkSj iquokZl oQk;ksZa oQk C;ksjk gksxkA

2-14 4-11(ii)

vuqlwfpr cSaoQ esa lkof/ tek 
,LozQks [kkrk [kksyukA

[knku [kksyus oQh vuqefr izkIr oQjus ls igys [knku oQk 
ifj;kstuk {ks=k ij foQlh Hkh xfrfof/ oQks 'kq: oQjus osQ 
fy, fo'ks"k ykHkkFkhZ osQ :Ik esa oaQiuh osQ ekfyoQ oQks foÙkh; 
vk'oklu osQ ,oQ Hkkx osQ :Ik esa oQks;yk fu;a=koQ laxBu 
(osaQnz ljoQkj oQh vksj ls) osQ lkFk ,oQ lkof/ tek ,LozQks 
[kkrk [kksyuk gksxkA

[knku [kksyus oQh vuqefr feyus ls igys bls oQks;yk fu;a=koQ 
laxBu (lhlhvks) oQks izLrqr oQjuk gksxkA

oaQiuh oQk ekfyoQ ml 'ksM~;wy (vuqlwfpr) cSaoQ oQk p;u 
oQj loQrk gS tgk¡ ,LozQks [kkrk [kksyk tkuk gS vkSj bloQh 
lwpuk oQks;yk fu;a=koQ] lhlhvks] oQksyoQkrk oQks nsuk gksxkA

2-7

,oa 

2-15

3-5-2 

3-5-4

,LozQks [kkrk [kksyus osQ fy, 
p;fur vuqlwfpr cSaoQ osQ 
lkFk le>kSrs oQk fu"iknuA

oaQiuh osQ ekfyoQ oQks ,oQ vuqlwfpr cSaoQ oQk p;u oQj ,LozQks 
[kkrk [kksy ml vuqlwfpr cSaoQ osQ lkFk le>kSrs oQk fu"iknu 
oQj bloQh lwpuk oQks;yk fu;a=koQ] lhlhvks] oQksyoQkrk oQks 
nsuk gksxkA

2-7 3-5-2

iSjk 3-5-1 osQ izko/kuksa oQh 
x.kuk osQ vuqlkj ,oQ fuf'pr 
jkf'k ,LozQks [kkrs tek oQjkukA

oaQiuh osQ ekfyoQ oQks iSjk 3-5-1 esa n'kkZ, vuqlkj x.kuk oQh 
xbZ nj ls ,oQ fuf'pr jkf'k vuqlwfpr cSaoQ osQ ,LozQks [kkrs esa 
tek oQjuk gksxkA

[knku oQh Hkwfe ij foQlh Hkh fooQkl xfrfof/ osQ 'kq: gksus 
osQ igys oqQy ifj;kstuk {ks=k osQ izfr gsDVs;j osQ fglkc xf.kr 
/ujkf'k miyC/ oQj bls gj lky tek oQh tkuh gSA

;fn [knku ekfyoQ iSjk 3-5-1] 3-5-2 vkSj 3-5-3 osQ vuqlkj 
vko';oQ okf"kZoQ jkf'k tek oQjus esa foiQy jgrs gSa] rks ljoQkj 
[kuu vuqefr okil ys loQrh gSA

2-15 

,oa 

2-8

3-5-3

3-5-4
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Xkfrfof/ fooj.k

fn'kkfunsZ'k oQk iSjk 
la[;k

2020 2024

Okpui=k

[knku can gksus osQ ik¡p lky igys [knku ekfyoQ 
(oQksy oaQiuh) oQks ^^[knku can oQjus oQh ykxr oQks oQoj 
oQjus osQ fy, lqj{kk** ,oa ^^iSjk 2-3] 2-6] 2-7] 2-8 vkSj 2-9 
esa 'kkfey {ks=kksa lfgr iQkbuy ekbu Dysktj Iyku ykxw oQjus 
oQh okLrfooQ ykxr** osQ chp foÙk iks"k.k osQ varj osQ cjkcj 
vfrfjDr fuf/ iznku oQjus oQk opu nsxkA

,slk u gksus ij l{ke izkf/oQkjh bl laca/ esa mfpr le>s tkus 
okys vU; rjhoQksa ls bloQh olwyh oQj loQrk gSA

2-16 3-8

[knku can oQjus osQ fy, 
vfrfjDr /ujkf'k oQk izko/ku

;fn oQks;yk fu;a=koQ ;g fu/kZfjr oQjrk gS foQ [knku can oQjus 
osQ fy, vfrfjDr /ujkf'k oQh vko';oQrk gS] rks ifj;kstuk 
izLrkooQ vfrfjDr jkf'k tek oQjus osQ fy, ckè; gSA

4-13

vafre lekiu izek.ki=k

[knku ekfyoQ (oQksy oaQiuh) }kjk jkT; ljoQkj oQks fjDysEM 
Hkwfe lkSaius osQ igys oQks;yk fu;a=koQ Hkkjr ljoQkj ls [knku 
can oQjus oQk izek.ki=k izkIr oQjuk gksxkA

[knku ekfyoQ oQks ;g lqfuf'pr oQjuk gksxk foQ lqj{kkReoQ] 
iquxZzg.k iquokZl oQk;Z vkSj fLFkjrk ls lacaf/r oQk;Z vuqeksfnr 
[kuu ;kstuk osQ vuqlkj foQ;k x;k gS o iQkbuy ekbu Dykstj 
Iyku osQ izko/kuksa@xfrfof/;ksa oQks 'kkfey foQ;k x;k gSA

2-17 3-9

Lkzksr% oQks;yk vkSj fyXukbV CykWoQ osQ fy, oQks;yk ea=kky;] Hkkjr ljoQkj }kjk tkjh [kuu ;kstuk fn'kkfunsZ'k 2020 
o 2024-
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oQks;yk ea=kky;] Hkkjr ljoQkj }kjk tkjh [kuu ;kstuk 
fn'kkfunsZ'k 2024 osQ oqQN [kaM foyksfir o dqN vU; [kaM 
tksM+s x, gSaA

foyksfir [kaM%
1-	 Ikkjk la[;k 2 osQ oqQN izko/kuksa oQks foyksfir oQj ikjk 

la[;k 3-1 esa oqQN izko/kuksa oQk lekos'k foQ;k x;k gSA

2-	 Ikkjk la[;k 2-4] 2-19 osQ izko/kuksa oQks ozQe'k% 4-9] 
4-12 ubZ ikjk la[;k esa lekosf'kr foQ;k x;k gSA

3-	 Ikkjk la[;k 2-1] 2-3 oQks feykoQj u, ikjk la[;k 4-8 
esa mn~/`r foQ;k x;k gSA

4-	 Ikkjk la[;k 2-2 esa fn, x, ljoQkjh ,tsalhl osQ fyLV 
oQks foyksfir oQj bls ifjf'k"V&V esa tksM+k x;k gSA

5-	 vcuMksuesaV oQkWLV (ikjk 2-5] pSIVj ikjk 8-10) oQks 
foyksfir oQj blosQ cnys ekbu Dykstj oQkWLV (ikjk 
3-5] pSIVj ikjk 8-10) tksM+k x;k gSA ikjk 2-5 osQ gh 
^^oQk;Z {ks=k osQ pkjksa vkSj oaQVhys rkjksa oQh ckM+ yxkuk** 
osQ izko/ku oQks foyksfir foQ;k x;k gS vkSj blosQ cnys 
u, izko/ku yk, x, gS (tksM+s x, izko/ku esa ns[ksa)A

6-	 Dykstj oQkWLV (ikjk 2-8) oQks cny oQj ^^iQkbuSU'ky 
,lqjsal oQkWLV** (ikjk 3-5-3) foQ;k x;k gSA

7-	 Ikkjk 2-6 esa fn, x, ekbu Dykstj oQkWLV esa cnyko 
oQjrs gq, ikjk 3-5-1 tksM+k x;k ftlosQ rgr vksiuoQkLV 

osQ fy, 9 yk[k izfr gsDVs;j osQ cnys 14 yk[k izfr 
gsDVs;j ,oa Hkwfexr [knku osQ fy, 1-5 yk[k izfr 
gsDVs;j osQ cnys 2 yk[k izfr gsDVs;j oQk izko/ku 
foQ;k x;k gSA lkFk gh csl o"kZ 01-04-2019 oQks cny 
oQj 01-04-2024 foQ;k x;k gSA bl csl o"kZ oQk iwoZ 
osQ Hkkafr Hkkjr ljoQkj le;&le; ij blesa cnyko 
oQj loQrh gSA

8-	 lHkh txg CCO oQksyoQkrk (ikjk 2-7] 2-8) esa 
oQksyoQkrk 'kCn oQks foyksfir (3-5-3] 3-5-1) foQ;k 
x;k gSA

9-	 vcaMksuesUV (2-11) 'kCn oQks foyksfir oQjrs gq, ekbu 
Dykstj (3-7) 'kCn oQks Mkyk x;k gSA

10-	Ikkjk 2-18 esa micaf/r iQkbuy ekbu Dykstj oQks 
foyksfir oQjrs gq, 2024 osQ ikjk 3-5-5 (iii) esa 
iksLV ekbfuax Dykstj ihfj;M oQks tksM+k x;k gSA blosQ 
lkFk izLrkooQk@[knku ekfyoQ osQ lkFk iV~Vsnkj oQks Hkh 
'kkfey foQ;k x;k gSA

11-	Ikkjk 2-11 esa fn, vcaMksuesUV izfozQ;k (izxzsflo ,oa 
izkbuy ekbu Dykstj) osQ foQ, ckj pkVZ oQk ftozQ ikjk 
3-7 esa oQjs iwjh pkVZ foQ :ijs[kk oQks ,isafMDl vi esa 
micaf/r foQ;k x;k gSA iwjs ckj pkVZ oQks nks Hkkxksa esa 
foHkDr (rkfyoQk 3) foQ;k x;k gSA

12-	iksLV Dykstj osQ le; esa cnyko oQjrs gq, lHkh rjg 
foQ ekbfuax & ;Fkk vksisuoQkLV o Hkwfexr osQ fy, ,oQ 
leku iksLV ekbfuax Dykstsj ihfj;M oQk mica/ foQ;k 
x;k gSA 2020 esa fn, x, mica/ ftlesa vksisuoQkLV 
[knkuksa ftloQk fLVªfiax vuqikr 6(Ng) fe- D;wfcoQ 

rkfyoQk 3% vcaMksuesUV izfozQ;k

v izxzsflo Dykstj

c iksLV ekbu Dykstj oQh xfrfof/;k¡

	z cqfu;knh <k¡ps oQk fMlesaVfyax ,oa [kuu e'khujh oQk iquokZl

	z cpko vkSj lqj{kk

	z [kuu oQh xbZ Hkwfe vkSj vksch Mai oQk roQuhoQh vkSj tSfooQ 
iquxZzg.k@jsoQyses'ku

	z iksLV Dykstj izca/u vkSj Ik;Zos{k.k

	z lLVSfufcfyVh

ehVj izfr Vu ls oQe vkSj lHkh Hkwfexr [knkuksa osQ 
fy, [knku can gksus osQ ckn oQh iksLV ekbfuax Dykstsj 
ihfj;M oQh vof/ 3 (rhu) o"kZ vkSj oSls vksisuoQkLV 
[knkuksa ftloQh fLVªfiax vuqikr D;wfcoQ ehVj izfr Vu 
ls vf/oQ Fkh mlosQ fy, iksLV ekbfuax Dykstsj ihfj;M 
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oQh vof/ 5(ik¡p) o"kZ Fkh oQks vc la'kksf/r oQj 
leku :Ik ls iksLV ekbfuax Dykstsj ihfj;M osQ fy, 
3 lky vkSj iksLV Dykstsj eksfufVªax ihfj;M osQ fy, 2 
lky foQ;k x;k gSA

13-	2020 esa lHkh izksxzsflo ,oa iQkbuy ekbu Dykstj osQ 
lHkh oQk;kZsa oQks iwjk oQjus oQh oQk;Z ;kstuk [knku osQ 
thou oQh vof/ vkSj iksLV ekbfuax Dykstsj ihfj;M oQh 
vof/ oQk ckj pkVZ osQ :Ik esa izLrqr oQjus oQk Ikzko/ku 
Fkk tks vc 2024 esa ;Fkkor (ekbu ykbiQ 5 o"kZ) oQh 
oQk;Z ;kstuk oQks ckj pkVZ osQ :Ik esa izLrqr oQjuk gksxk] 
blosQ fy, visfUMDl vi osQ :Ik esa ,oQ Ikzk:Ik Hkh 
laxyXu foQ;k x;k gSA ifj;kstuk izLrkooQ oQks ckj pkVZ 
osQ vuqlkj lekiu xfrfof/;ksa osQ fy, y{; LFkkfir 
oQjus oQk vkns'k fn;k x;k gSA izR;soQ izxfr'khy vkSj 
iQkbuy ekbu Dykstj pj.k osQ nkSjku ,LozQks jkf'k oQh 
izfriwfrZ LFkkfir y{;ksa osQ vuqlkj lekiu oQk;Z osQ iwjk 
gksus ij fuHkZj gksxhA ifj;kstuk izLrkooQ oQks izfro"kZ 
LFkkfir y{; oQk vuqikyu oQks;yk fu;a=koQ oQks izLrqr 
oQjuk vko';oQ gksxkA

14-	Ikkjk 2-8 esa oQksy fu;a=koQ oQks ,LozQks [kkrk [kksyus 
le; MCY;wihvkbZ (wpi) oQks vn~;ru foQ;k tkuk Fkk 
tks vc ikjk 3-5-3 osQ vuqlkj muoQks lacaf/r foÙkh; 
o"kZ osQ 1 vizSy osQ vuqlkj oQjuk gksxkA

15-	Ikkjk 2-6 esa micaf/r ^^[knku can oQjus foQ izklafxoQ 
lekiu xfrfof/;ksa oQks iwjk oQjus esa foiQy jgus ij 
[knku ekfyoQ oQks bloQh ykxr oQks lqj{kk oQoj 
nsus oQk izko/ku Fkk** blesa lqj{kk osQ cnys ^^foÙkh; 
lqj{kk** micaf/r foQ;k x;k gSA

16-	Ikkjk 2-17 esa micaf/r iQkbuy Dykstj lfVZfiQosQV osQ 
fy, ^^[knku ekfyoQ oQks oQks;yk fu;a=koQ ls [knku 
can oQjus oQk izek.ki=k izkIr oQjuk vko';oQ gksxk** 
osQ cnys ubZ xkbMykbu esa ^^lhlhvks bl vk'k; oQk 
[knku can oQjus oQk izek.ki=k tkjh oQjsxk** oQks tksM+k 
x;k gSA

17-	lkFk gh Hkwfe oQks jkT; ljoQkj oQks lkSaius oQks foyksfir 
foQ;k x;k gS lkFk gh ^^iQkbuy ekbu Dykstj oQjus 
oQh xfrfof/;ksa osQ liQy oQk;kZUo;u vkSj can gksus osQ 
ckn oQh fuxjkuh osQ ckn] [knku can oQjus oQks iwjk ekuk 

tk,xk** tSls izko/ku tksM+s x, gSaA ekbu Dykstj oQjus 
oQh xfrfof/;ksa esa ̂ ^fLFkjrk (lLVSufcfyVh) ls lacaf/r 
oQk;Z oQks Hkh tksM+k x;k gSA

tksM+s x, izko/ku%
1-	 Hkwfexr [knkuksa osQ fy, LVksbax ,oa oaQVhys rkjksa oQh 

ckM+ osQ :Ik esa laosnu'khy {ks=k oQ pkjksa vkSj fu/kZfjr 
lhek nhokj cukus osQ izko/kuksa oQks tksM+k x;k gSA

2-	 iQkbuy Dykstsj (ikjk 2-9) oQks iQkbuy ekbu Dykstsj 
(3-6) esa ifjofrZr foQ;k x;k gSA lkFk gh ikjk 3-6 
esa ekbu Dykstj Iyku osQ oQEIyh'ku fjiksVZ esa fuEu 
buiQkesZ'ku oQks tksM+us osQ fy, oQgk x;k gS&

	z ifjpkyu bfrgkl_

	z fiNyh tk¡p vkSj mipkjkReoQ iz;kl] ;fn oQksbZ gks_

	z ekbu ofoZaQx osQ ekufp=k vkSj fp=k_

	z ekbu ty fuoZgu vkSj muoQk mi;ksx_

	z lHkh eq[; oSf'k"V~;] [knku osQ lfozQ; ,oa lqjf{kr 
:Ik ls igq¡p ;ksX; oQk;Z {ks=k] Mai] fMfiyfjax {ks=k] 
vkaf'koQ :Ik ls fuoQkys x, vkSj LVSUMhax fiylZ 
osQ {ks=kksa vkSj oSlh txg tgk¡ ij foQlh mixzg ,oa 
iQkbuy ySULoSQi MsVk oQh ekfufVªax foQ vko';oQrk 
gks mloQk thih,l funsZ'kkaoQA

3-	 ikjk 2-12 oQks ifjofrZr oQj 3.5.5(i) oQks tksM+k x;k 
gSA 2024 osQ xkbMykbu esa osaQnz ljoQkj }kjk vf/o`Qr 
,tsafl;ksa foQ lwph ,oQ ubZ ifjf'k"V&V esa nh xbZ gSA 
izxfr'khy [knku can oQjus ij gq, O;; oQh fuoQklh 
osQ vkosnu ij jkf'k oQk fjyht bl ij vk/kfjr gksxh

(,)	 izekf.kr ys[kk ijh{k.k }kjk ykxr izek.khoQj.k

(ch)	osaQnz ljoQkj }kjk vf/o`Qr ,tsafl;ksa }kjk foQ, 
x, oQk;Z oQk izek.ku (ifjf'k"V&V ns[ksa) ;k 
le;&le; ij fufnZ"V foQlh vU; laLFkku@
laxBu@,tsafl;ksa }kjk mís';A

(lh)	ifj;kstuk izLrkooQ }kjk izLrqr lalkf/r vkmViqV 
osQ lkFk [knku@CykWoQksa oQh mPp fjtkWY;w'ku okyh 
Hkw&lanfHkZr vkWFkksZjsfDViQkbM eYVhLisDVªy mixzg 
Nfo ;k Mªksu loZs{k.k tkjh oQh xbZ jkf'k fiNys 
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foÙkh; o"kZ esa izxfr'khy [knku can oQjus ij 
gq, O;; osQ cjkcj ;k tek jkf'k oQk 50%] tks 
Hkh oQe gks] osQ cjkcj gksuh pkfg,A ifj;kstuk 
izLrkooQ oQks 30 twu roQ nkok izLrqr oQjuk 
vko';oQrk gS vkSj lhlhvks 30 flracj roQ 
jkf'k tkjh oQj nsxkA

4-	 ikjk 2-18 esa iQkbuy ekbu Dykstj osQ le; tks 
ckoQh cph jkf'k oQks fuoQkyus oQk mica/ Fkk mlesa 
ifjofrZr oQj ikjk 3.5.5(iii) osQ rgr fliZQ 90% 
jkf'k roQ lhfer foQ;k x;k gSA 'ks"k jkf'k (10%) ikjk 
3.5.5(iv) osQ rgr tLV VSªULiQesZa'ku foQ xfrfof/ osQ 
fy, vkoafVr oQj nh xbZ gSA

5-	 ikjk 3.5.5 (iv) iQkbuy ekbu Dykstj oQh ykxr ls tek 
oQh xbZ 'ks"k jkf'k osQ 10 izfr'kr ls tLV VªkaliQkWesaZ'ku 
osQ fy, ,oQ oQks"k cuk;k tkuk gSA bl jkf'k oQk mi;ksx 
ifj;kstuk izLrkooQ }kjk ftyk iz'kklu] LFkkuh; izkf/oQj.k  
vkSj fgr/kjoQksa osQ ijke'kZ ls [knku can gksus osQ ckn 
lkekftoQ ifjorZu osQ fy, foQ;k tk loQrk gSA

6-	 ikjk 3.5.5 (V) osQ :Ik esa ÝykbZ ,s'k lacaf/r ,oQ 
u;k mica/ foQ;k x;k gSA bl mica/ esa ;g oQgk x;k 
gS foQ ifjR;Dr [knkuksa esa ÝykbZ ,s'k Mafiax osQ ekeys 
esa] tgk¡ ubZ xkbMykbu osQ iSjk 4-1 osQ vuqlkj [knkuksa 
oQks vyx foQ;k tk loQrk gS vkSj ,oQ vyx [kuu 
;kstuk@[knku can oQjus oQh ;kstuk rS;kj oQh tkrh gS] 
ÝykbZ ,s'k Mafiax osQ fy, vko';oQ {ks=k osQ fy, osQoy 
vuqekfur jkf'k tSls ykxr 'kh"kZ e`nk izca/u vkSj tSfooQ 
lq/kj osQ fy,] iQkbuy ekbu Dykstj gksus vkSj can gksus 
osQ ckn roQ lqj{kk vkSj Ik;kZoj.k fuxjkuh oQks cjoQjkj 
j[kk tkuk gSA 'ks"k jkf'k [kuu can gksus osQ ckn oQh 
xfrfof/;ksa osQ iwjk gksus osQ ckn 'ks"k {ks=k osQ fy, tkjh 
oQh tk loQrh gSA

7-	 ikjk 2-6 oQks cny oQj ikjk 3-5-1 esa lekosf'kr oQj 
oqQN vkaf'koQ mica/ oQks tksM+k x;k gSA blosQ rgr 
ifj;kstuk izLrkooQ oQks izR;soQ foÙkh; o"kZ osQ fy, 
,LozQks jkf'k lacaf/r o"kZ osQ 30 flracj roQ tek oQjuh 
gksxh] vU;Fkk ml lacaf/r o"kZ osQ fy, tek oQh tkus 
oQkyh jkf'k ij 0-5 izfr'kr@ekg oQh nj ls C;kt yxk;k 
tk,xkA

8-	 blh ikjk esa ,oQ ubZ mica/ osQ rgr [kuu ;kstuk esa 
la'kks/u osQ oQkj.k [knku can oQjus oQh ykxr esa la'kks/u 
osQ ekeys esa] vuqeksnr [kuu ;kstuk osQ vuqlkj [knku 
can oQjus oQh ykxr ;k uohure MCY;wihvkbZ (WPI)
osQ vuqlkj vuqekfur [knku can oQjus oQh ykxr] tks 
Hkh vf/oQ gks] ml ij fopkj foQ;k tk,xkA

9-	 ikjk 2 oQks cny oQj ikjk 3-1 esa lekosf'kr oQj 
oqQN vkaf'koQ mica/ tksM+s x, gSa ftlosQ rgr oQks;yk 
ea=kky; }kjk 28 vDVwcj 2022 oQks tkjh o"kZ 2009 ls 
igys can@NksM+ nh xbZ@can oQh xbZ [knkuksa osQ izca/u osQ 
fn'kkfunsZ'kksa osQ vuq:i] bu fn'kkfunsZ'kksa osQ tkjh gksus osQ 
,oQ o"kZ osQ Hkhrj gkykafoQ] o"kZ 2009 osQ ckn foQlh 
vuqeksfnr [knku can oQjus oQh ;kstuk osQ fcuk NksM+h 
xbZ@can oQh xbZ foQlh Hkh [knku osQ fy, ;k foQlh 
vuqeksfnr [knku can oQjus oQh ;kstuk okyh foQlh Hkh 
[knku oQks vkaf'koQ fu"oQ"kZ.k osQ ckn NksM+ fn;k x;k 
gS] ifj;kstuk izLrkooQ oQks vLFkk;h vkSj vafre [knku 
can oQjus oQh ;kstuk rS;kj oQjus vkSj vuqeksnu IkzkIr 
oQjus osQ fy, vfuok;Z foQ;k x;k gSA

vU; mica/
^^tLV VªkaliQkWesaZ'ku** oQks igyh ckj ubZ xkbMykbu osQ ikjk 
3-2 esa txg nh xbZ gSA bl xkbMykbu esa ^^jsLVksjs'ku o 
fjijiflax** ,oa ^^yksx o leqnk;** oQks ozQe'k% ikjk la[;k 
3-2-1] 3-2-2 esa LFkku fn;k x;k gSA

tLV VªkaliQkWesZa'ku] ikjaifjoQ oQks;yk [kuu oQh izfozQ;k oQks 
igys ls vf/oQ fVoQkmQ vkSj Ik;kZoj.k vuqowQy rjhoQksa oQh 
vksj laozQe.k oQh U;k;laxr izfozQ;k oQks lanfHkZr oQjrk gSA 
tLV VªkaliQkWesZ'ku ;g lqfuf'pr oQjrk gS foQ%&

v-	 Ik;kZoj.k lqjf{kr gS]

vk-	 Hkwfe cgky oQh xbZ gS] vkSj

b-	 izHkkfor JfeoQksa] leqnk;ksa vkSj {ks=kksa oQks iwjs 
ifjorZu osQ nkSjku leFkZu vkSj l'kDr cuk;k x;k 
gSA

blesa [knku can oQjus oQh xfrfof/;ksa ls tqM+h lkekftoQ] 
vkfFkZoQ vkSj Ik;kZoj.kh; pqukSfr;ksa oQks igpkuuk vkSj muoQk 
lek/ku oQjuk Hkh 'kkfey gSA bl xkbMykbu esa ;g tksj 
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fn;k x;k gS foQ izR;soQ [kku ekfyoQ@izLrkooQ oQks iwosZ{k.k] 
[kuu vkSj [knku can oQjus oQh xfrfof/;ksa vkfn oQks iwjk 
oQjrs le; LFkk;h [kuu oQjus osQ fy, gj laHko lko/kuh  
cjruh gksxhA

iquLFkkZiu vkSj iquizzZ;kstu% tSlh fcanqvksa ij bl xkbMykbu 
us ;g O;oLFkk oQh gS foQ [kuu ls gksus okys nh?kZoQkfyoQ 
ikfjfLFkfroQ uqoQlku oQks oQe foQ;k tk, vkSj ;g lqfuf'pr 
gks foQ Hkwfe fofHkUu ikfjfLFkfroQ ra=kksa oQk leFkZoQ oQj 
loQrh gS] tSls foQ&

v-	 ns'kh ouLifr@ikS/ksa oQks fiQj ls yxkuk]

vk-	 ty fuoQk;ksa oQks cgky oQjuk vksj 

b-	 oU;tho vkoklksa oQk iquokZl oQjuk]

blosQ lkFk ifj;kstuk izLrkooQ oQks roQuhoQh] tSfooQ lq/kj 
vkSj iquizZ;kstu ;Fkk&o`Qf"k] eNyhikyu] boQks&ikoZQ] 
euksjatu] HkwfuekZ.k] ty fuoQk; ls laacaf/r xfrfof/;ksa oQk 
lek;kstu oQjsxkA vafre lekiu izek.ki=k tkjh oQjus ls 
igys tLV VªkaliQkWeZs'ku ls lacaf/r fe'ku ve`r ljksoj osQ 
vuqlkj laj{k.k ;k fuekZ.k] flapkbZ vkfn tgk¡ Hkh ykxw gks 
oQk Hkh lek;kstu lqfuf'pr oQjsxkA

bl xkbMykbu esa yksxksa ,oa leqnk; oQks izkFkfeoQrk nh 
xbZ gSA leqnk; osQ fy, cukbZ xbZ lHkh lkeftoQ lqfo/k,¡ 
vkSj cqfu;knh <k¡ps (tSls vLirky] LowQy] lkeqnkf;oQ osaQnz 
vkfn) jkT; ljoQkj oQks lkSaius gksaxsA oQk;kZy; vkSj vU; 
Hkouksa oQk mi;ksx oQkS'ky fooQkl osaQnz osQ :Ik esa Hkh 
foQ;k tk loQrk gSA [knku osQ vklikl izR;{k ;k vizR;{k 
:Ik ls fuHkZj leqnk;ksa (ih,ih) osQ oQkS'ky] vkthfooQk 
vkSj jgus oQh fLFkfr oQks fooQflr oQjus osQ fy, 5 o"kksZa 
oQh izR;soQ izxfr'khy lekiu vof/ esa O;ofLFkr :Ik ls 
Ikz;kl foQ, tkus oQh vko';oQrk ij tksj fn;k x;k gSA 
ifj;kstuk izLrkooQ 5 okf"kZoQ fjiksVZ izLrqr oQjsxk] ftlesa 
oQkS'ky fooQkl vkSj izHkkfor leqnk;ksa oQh vkthfooQk oQks 
cuk, j[kus osQ fy, oQh xbZ igyksa oQh :ijs[kk oQk foLr`r 
fooj.k nsxk tks foQ izxfr'khy lekiu nkoksa oQk iwjoQ 
Hkh gksxkA ifj;kstuk izLrkooQ jk"Vªh; Lrj ij fu/kZfjr 
,uMhlh oQks izkIr oQjus oQk iz;kl oQjsaxs vkSj [kuu ;kstuk 
esa LoQksi II mRltZu esa uohoQj.kh; }kjk okf"kZoQ mRiknu osQ 
oQe ls oQe 25 izfr'kr oQh oQeh osQ fy, y{; fu/kZfjr 
oQjasxsA blosQ vykok] ifj;kstuk izLrkooQ fLFkjrk c<+kus] 

xzhugkml xSl mRltZu tSls Ik;kZoj.kh; izHkko oQks oQe oQjus 
vkSj Mhty bZa/u ij fuHkZjrk oQe oQjus osQ fy, vksiuoQkLV 
oQks;yk [knkuksa esa bysfDVªoQ okguksa (bZoh) vkSj xSl&vk/kfjr  
okguksa oQks c<+kok nsxkA

Ik;kZoj.k izca/u osQ fy, ifj;kstuk izLrkooQ Ik;kZoj.k 
ij [kuu xfrfof/;ksa osQ izfrowQy izHkkoksa oQks oQe oQjuk 
lqfuf'pr oQjsxkA blesa gok] ikuh vkSj feV~Vh oQh xq.koÙkk] 
tSo fofo/rk laj{k.k] vkSj laosnu'khy {ks=kksa oQh igpku 
vkSj Hkwfe {kj.k osQ laHkkfor tksf[keksa oQh lqj{kk osQ fy, 
oSKkfuoQ ewY;kaoQu] fuxjkuh vksj fu;a=k.k mik; 'kkfey gSaA 
fuckZ/ izko`QfroQ ty izokg osQ fy, ukys oQk ekxZ ifjorZu 
t:jr osQ vuqlkj oQjsxkA ifj;kstuk izLrkooQ oQks Hkwty 
iquHkZj.k vjSj oQkuwu osQ vuqlkj ty xq.koÙkk ekuoQksa oQk 
ikyu oQjus oQk Hkh iz;kl oQjuk gksxkA

bl xkbMykbu osQ ikjk 3-7 esa [knku can oQjus osQ fy, 
le; fu/kZj.k foQ ,oQ ubZ O;oLFkk oQk lekos'k foQ;k x;k 
gSA blosQ rgr [kuu can gksus osQ ckn oQh vof/ 3 (rhu) 
o"kZ ekuh tk,xh vkSj can gksus osQ ckn oQh fuxjkuh vof/ 
mlosQ ckn 2 (nks) o"kZ osQ fy, gksxhA lHkh [knku can 
oQjus osQ oQk;ksZa (izxfr'khy vkSj iQkbuy ekbu Dykstj) oQks 
iwjk oQjus oQh oQk;Z ;kstuk [knku osQ thou oQh vof/ vkSj 
can gksus osQ ckn oQh vof/ osQ fy, ,oQ ckj pkVZ osQ :Ik 
esa tSlk foQ ifjf'k"V&VI esa fufnZ"V gS izLrqr oQjuh gksxhA 
ifj;kstuk izLrkooQ oQks izfro"kZ LFkkfir y{; oQk vuqikyu 
oQks;yk fu;a=koQ oQks izLrqr oQjuk vko';oQ gSA

fu"oQ"kZ%
bl leh{kkReoQ ys[k osQ vk/kj ij] fuEufyf[kr fu"oQ"kZ 
fuoQkys x, gSa%

	z 2024 oQk xkbMykbu nwjxkeh izHkko MkysxkA blosQ 
oQkj.k oqQy 20 [kaMksa@mi[kaMksa ij izHkko iM+k gSA

	z oqQN vè;k; (5)] ifjHkk"kk (11) ,oa ifjf'k"V (9) 
tksM+ oQj bls roZQ laxr foQ;k x;k gSA oqQN [kaMksa oQks 
foyksfir oQj oqQN u, mica/ Hkh tksM+s x, gSaA

	z ^^tLV VªkaliQkWesZ'ku**] ^^jsLVksjs'ku o fjijiflax** ,oa 
^^yksx o leqnk;** oQks igyh ckj lekosf'kr foQ;k 
x;k gSA

	z leqnk; osQ fy, cukbZ xbZ lHkh lkekftoQ lqfo/k,¡ 
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vkSj cqfu;knh <k¡ps (tSls vLirky] LowQy] lkeqnkf;oQ 
osaQnz vkfn) jkT; ljoQkj oQks lkSaius gksaxsA oQk;kZy; vkSj 
vU; Hkouksa oQk mi;ksx oQkS'ky fooQkl osaQnz osQ :Ik esa 
Hkh foQ;k tk loQrk gSA

	z [knku can oQjus osQ fy, le; fu/kZj.k foQ ,oQ ubZ 
O;oLFkk osQ rgr [kuu can gksus osQ ckn oQh vof/ 
3 (rhu) o"kZ ekuh tk,xh vkSj can gksus osQ ckn oQh 
fuxjkuh vof/ mlosQ ckn 2(nks) o"kZ osQ fy, gksxhA

lanHkZ%
1-	 ^^xkbMykbal iQkWj izhijs'ku] iQkWeZwys'ku] lcfe'ku] 

izkslsflax] LozwQVuh] viwzoy ,.M fjohtu vkWiQ ekbfuax 
Iyku iQkWj oQksy ,.M fyXukbV CykWDl_ ,e-vks-lh-
th-vks-vkbZ-_ iQkby la[;k&34011@28@2019&lhih,e] 
ikVZ(1)(344038)_ fnukaoQ&29-05-2020_ i`"B&1&40A 
(,pVhVhih,l%@@MCY;wMCY;wMCY;w-lh,eihMhvkbZ-oQks-
bu-@,u@ekbu&Iyku&,.M&,elhih2020)

2-	 ^^xLVsoQ gksYMj oQUlsyVs'ku vkWu MªkÝV ekbfuax xkbMykbal 
iQkWj oQksy ,.M fyXukbV CykWDl] 2024_ ,e-vks-lh-
th-vks-vkbZ-_ iQkby la[;k&34011@28@2019&lhih,e_ 
fnukaoQ&18-06-2024_ i`"B&1&68A

3-	 bZvkbZ, uksfVfiQosQ'ku 2006_ ,l vks &(iCkfy'M 
bu n xtsaV vkWiQ bafM;k] ,DLVª vkWMZusjh] ikVZ&ii] 
,.M lsD'ku 3] lc&lsD'ku (ii)_ ,evks,iQlhlh_ 
fnukaoQ&14-06-2006_ i`"B&1&45A (,pVhVhih,l%@@
MCY; wMCY; wMCY; w -lh,eihMhvkb Z -o Q k s - bu - @,u@
bZvkb,&uksfVfiQosQ'ku 2006)

4-	 ,pVhVhih,l%@@VSDlxq:-bu@oQkWiksZjsV&ykW@lejh&Iyku&xk
bMykbal&blqM&fefuLVªh&oQksy-,pVh,e,y)
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Mitigation of Metallic 
Pollution of Soil for Ecosystem 

Sustainability 

Abstract

Agricultural fields are progressively affected by inorganic, 
organic, and metallic pollution as a result of the fast urbanization 
and industrialization of the region. Heavy metals primary drawback 
is their inability to biodegrade, which allows them to build up in 
the environment and eventually find their way into the food chain. 
To reduce the toxicity of heavy metals in plants, various strategies can 
be applied, including soil remediation techniques, phytoremediation 
using metal-accumulating plants, and genetic engineering 
approaches aimed at enhancing plant tolerance to heavy metal stress. 
Additionally, monitoring and regulation of heavy metal emissions 
and contamination are crucial for preventing adverse effects on 
plant health and ecosystem integrity.

Prof. Dinesh Mani1

Our soil is our national heritage, the value of which 
should be understood by every citizen from the 
earliest age. From the dawn of history mankind has 
depended on soil for the production of both food 
and fodder. In the context of present day shortage of 
food a scientific inventory of this valuable natural 
resource assumes considerable importance.

Sustainable development is based on the wise use 
of earth’s natural resource to meet the needs of the 
present generation without compromising on the 
ability of future generations to meet their need. The 
conservation of soil is everybody’s duty. Every person 

relies on products that come from the soil for food, 
clothing, shelter, and other materials. An increasing 
population and an increasing standard of living result 
in an increased demand for these products. This 
increasing demands need to be translated to careful 
use of soil and not into exploitation.

Soils are nature’s dispose-all, sewage treatment 
plant, its water purifier, and, at times, also a 
pollutant. Soils are as valuable as cleansers of 
the earth’s environments as they are as nurtures 
of its plant life. The soil is a physical filter 
(sieving action), a chemical filter (adsorption and 

                                                        1 Professor, Department of Chemistry,           

                                                       University of Allahabad, 
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precipitation), and a biological filter (decomposition 
of organic materials), as well  as the receptacle for 
all things buried and disposed of beneath and on the 
surface.

Although the soil is the most universal and extensive 
substance that cleans  waters and recycles wastes, it 
is not infinite on capacity. Already high land costs 
near most large cities have increased the expense 
of waste disposal. Not only are soils limited to 
the present amounts, but they also can be made 
unusable. Many toxins added to soils can build 
up to concentrations that become serious threats 
to plant and animal health. Some toxic substances 
become residual in the soils; perhaps centuries will 
pass before they will be removed. Even harmful 
organic substances that will decompose eventually 
to nonharmful recycled elements of carbon, oxygen, 
hydrogen, phosphorus, nitrogen and sulphur 
are dangerous until decomposition is complete. 
Materials accumulate when added in larger amounts 
tan their decomposition rate. Materials that are toxic 
to soil microorganisms further slow recycling.

Soil has an intimate and extensive role in people’s 
efforts to maintain a suitable environment, as a waste 
receptacle, and to minimize pollution. Soil is also 
a part of the environment that receives pollutant. 
Soil can depollute some materials by decomposing 
them into harmless end products such as Carbon 
dioxide and water. Useful plant nutrients are often 
released by decomposition of pollutants. But, there 
are some materials that are difficult or impossible 
to decompose. Accumulations of such materials can 
pollute the soil.

In recent times, there has been a notable increase 
in the amount of heavy metals released into 
water as well as soil due to industrialization and 
urbanization. These metals are dangerous pollutants 
that are discharged into rivers and ponds by the 
direct discharge of effluents, which include sewage, 
fertilizers, pesticides, and municipal trash, without 
any prior treatment. Our agricultural resource is 
incomplete without the soil, which is also essential 
to the ecological revolution and food safety. 

Agricultural fields are progressively affected by 
inorganic, organic, and metallic pollution as a result 
of the fast urbanization and industrialization of the 
region. Heavy metals primary drawback is their 
inability to biodegrade, which allows them to build 
up in the environment and eventually find their way 
into the food chain.

Extensive Pb and zinc Zn ore mining and smelting 
have resulted in contamination of soil that poses 
risk to human and ecological health. Many 
reclamation methods used for these sites are 
lengthy and expensive and may not restore soil 
productivity. Soil heavy metal environmental risk 
to humans is related to bioavailability. Assimilation 
pathways include the ingestion of plant material 
grown in (food chain), or the direct ingestion (oral 
bioavailability) of contaminated soil. (Basta,N. T. 
and Gradwohl, R.,  1998).

Heavy metals can enter the soil through two distinct 
pathways: natural processes and anthropogenic 
activities. Natural processes involve the release of 
heavy metals from geological formations into the 
soil and water through weathering and erosion. 
Anthropogenic activities, on the other hand, result 
from human actions such as industrial processes, 
mining, agriculture, and improper disposal of 
waste. These activities discharge pollutants into the 
atmosphere, polluting the air, water, and soil and 
affecting human health and ecosystems. Heavy 
metal buildup in the trousers can alter chemical 
and physiological processes, resulting in chlorosis, 
growth inhibition, yield loss, minimum nutrient 
absorption, root browning, and plant mortality. This 
can also pollute plants, the well-being of people, 
and the fauna of the soil.

Contamination of heavy metals impairs ecosystems 
and human health by direct ingestion of 
contaminated food, physical contact with polluted 
soil, through the food chain, drinking of polluted 
water, reducing food quality and reduction of land 
suitable for farming and subsequent food insecurity 
(Hassan et al., 2019; Zulfiqar et al., 2019; Hussain 
et al., 2021).



Minetech, Volume 45, No 2, April-June 2024 
18

The presence of heavy metals in water and soil leads 
to a wide range of ecological and environmental 
issues. Thus, plant development, nutrient absorption, 
and photosynthetic output are all adversely affected 
by the entry and movement of toxic metals into 
plants. Numerous human-caused activities have a 
major effect on water and soil resources, such as 
mining, smelting, sludge creation, and dumping. It 
has been noted that Cd can hinder seed germination, 
reduce stem development, and lessen the membrane's 
plasma permeability. There is a comparable drop in 
leaf weight when new and leaf area with declining 
fruit output. Furthermore, it lowers dry matter 
production. The results include chlorosis, wilting, 
and stunted growth. One of the most dangerous 
metals in soil is leading (Pb). It prevents seedlings 
from growing. It affects the composition, growth, 
and mechanism of photosynthesis in crops. The Pb 
concentrations are high, causing oxidative damage. 
It also reduces the production of seeds. Because 
they directly affect biochemical and physiological 
processes, development is slowed, cell organelles 
are broken down, and photosynthesis is inhibited, 
heavy metals can be toxic to both macro- and 
microorganisms. Certain metals particularly lead 
(Pb), have a tendency to concentrate in the roots 
rather than the aerial portions of plants due to 
obstacles that impede their transit from the roots 
into the aerial parts. Other metals, including Cd, 
however, are more easily absorbed by plants. In 
general, soil solutions include essential elements for 
plant growth and development, including Cu, Fe, 
Zn, Ca, K, Mg, and Na. But in the process, plants 
also pick up some inert elements that do not have 
biological function, such as Cd, As, Cr, Al, and Pb.

Thus, a gradual increase of accumulation of heavy 
metals in the soils of many agricultural fields 
owing to the discharge of industrial and municipal 
residual wastes has caused a serious problem to the 
crop production and hazards to human and animal 
health. Therefore, remediation of excessive soil 
metals in situ is receiving  great attention, because 
the alternative, soil removal and replacement is very 
expensive. Phytoremediation plays an important 

role in situ bioremediation of soil contaminated 
with heavy metals.

To reduce the toxicity of heavy metals in plants, 
various strategies can be applied, including soil 
remediation techniques, phytoremediation using 
metal-accumulating plants, and genetic engineering 
approaches aimed at enhancing plant tolerance 
to heavy metal stress. Additionally, monitoring 
and regulation of heavy metal emissions and 
contamination are crucial for preventing adverse 
effects on plant health and ecosystem integrity.

Phytoremediation is an integrated multidisciplinary 
approach to the cleanup of contaminated soils, 
which combines the disciplines of plant physiology, 
soil chemistry, and soil microbiology. These 
contaminants  include heavy metals, radionuclides, 
chlorinated solvents, petroleum hydrocarbons, 
organophosphate insecticides, explosives and 
surfactants. The presence, on specific sites, of 
species that belong to genera, families and orders 
known to have high tolerance to particular heavy 
metal(s) that may play a role of bioindicators.

Phytoremediation, a green technology for soil and 
water cleanup, harnesses the natural capabilities 
of plants to absorb, accumulate, and detoxify 
contaminants, including heavy metals. Using 
plants to eliminate, break down, or stabilize 
pollutants from soil, water, and the air is known 
as phytoremediation, an environmentally friendly 
form of environmental cleanup. It uses interactions 
among microbes and plant physiology as natural 
mechanisms to reduce pollution and rebuild 
ecosystems. There are several methods for 
using phytoremediation, such as phytofiltration, 
phytodesalinization, phytoextraction, phyto-
degradation, and phytovolatilation. Several factors, 
including plant species, medium qualities, metal 
bioavailability, and the inclusion of a chelating 
agent, can influence these pathways. (Desai et al. 
2019).

Short-lived, quick-growing plants known as hyper 
accumulators may absorb more heavy metals into 
their body tissues, generate more biomass, and 
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be simple to harvest. A small subset of plants is 
referred to as hyper accumulators, and they share 
the following two traits: they are able to gather 
metals or metalloids up to hundreds of times 
more than they typically would, and they can also 
detoxify the metals. Most ornamental plants are 
grown for their aesthetic appeal, but some are also 
useful for phytoremediating contaminants from the 
air and soil and beautifying our surroundings. There 
are economic and environmental benefits to using 
attractive plants. Ecotourism destinations can be 
developed in polluted areas while maintaining the 
area's natural beauty.

Because it is an environmentally benign and 
cost-effective means of cleaning up pollutants 
in soil, water, and the air, phytoremediation is a 
sustainable technology. Plants have proven to be 
remarkably effective at cleaning up pollutants in 
our environment, including organic pollutants 

and heavy metals. But issues like choosing the 
right plant species, site-specific requirements, and 
scalability still exist. All things considered, heavy 
metal phytoremediation has a lot of potential, but 
more study is required to maximize its effectiveness 
and suitability for use in different environmental 
settings. Collaborative efforts among researchers, 
policymakers, and stakeholders are crucial for the 
development and implementation of sustainable 
phytoremediation strategies that contribute to the 
restoration and protection of our ecosystems.

Despite facing challenges such as slow treatment 
rates and limited plant species suitability for certain 
contaminants, ongoing research focuses on genetic 
engineering, species selection, and optimization 
of growth conditions to enhance its efficacy. As 
awareness of environmental issues increases and 
regulatory pressures grow, there is a rising demand 
for sustainable remediation methods,
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Smart Grid

“Advancements in Smart Grid Technologies: 
A Comprehensive Overview”

Abstract

The phase shift of power grids into smart grids is a drastic significant 
change in the energy sector which offers enormous opportunities for efficiency, 
reliability and sustainability result in real-time frame. The abstract provides 
a complete overview that reflects smart grid technologies, highlighting key 
concepts, components and benefits. It explores integration of advanced 
communication, control and monitoring systems enabling or gathering real-
time data analytics and take decision accordingly. In addition, this has the 
important role by using renewable energy sources with capacity of energy 
storages and method of managing the demand-side in optimizing of grid 
operations. The smart grid represents a pivotal advancement in energy 
infrastructure that also helps us to integrate digital technologies which help 
in the enhancement of efficiency, reliability, creditability and sustainability of 
electrical systems. It also provides an overview of smart grid concepts with latest 
technologies and their implications. Furthermore; it examines the challenges 
such as cybersecurity, interoperability and regulatory frameworks. Overall 
we can say that this abstract must emphasizes the transformative potential 
that make a dynamic change of grid to smart grids in the way of recasting 
the traditional way of generating electricity i.e. properly distributed and 
consumed accordingly with sustainable energy ecosystem. By revolutionizing 
grid management and fostering a more flexible and sustainable energy 
ecosystem, smart grids hold immense promise for meeting the evolving needs 
of society while mitigating environmental impacts.

Keyword: Efficiency, Reliability, Sustainability, Technologies, Security
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Introduction
It is based upon the re equipped based methodology 
of normal electrical grid which is based on digital 
communication technology & is in practice to 
detect, synchronize and react accordingly with any 
types of changes in electricity usage in real-time. 
Here renewable energy sources are incorporated 
with energy storage systems by using intelligent 
tools for monitoring and control systems which 
tend to improve efficiency, reliability, credibility 
and sustainability of electricity delivery system. 
It enable better management of energy demand, 
combination of renewable energy sources and 
optimization of energy distribution in a proper 

manner leading to reduced costs and environmental 
impact. It integrates various renewable energy 
sources, based on two-way communication system 
i.e. between the consumers and utility providers 
and leads toward the better management of energy 
demand and supply. The implement action of 
smart grids marks significant changes in electricity 
infrastructure, revolutionizing about the method of 
energy which is generated, transmitted, distributed 
and at last consumed. Unlike traditional grids the 
smart grids is equipped with digital technologies to 
enhance efficiency, reliability and sustainability.

Key features include :
1.	 Advanced Metering Infrastructure (AMI) : It 

utilizes smart meters to provide real-time guided 
data which is based on the amount of energy 
consumption that enables the consumers and 
service provider to make healthy environment 
without any dispute.

2.	 Coalescing of Renewable Energy: Smart grids 
facilitate the proper way of integration for the 
renewable energy sources and managing the 
intermittent nature more effectively.

3.	 Two-Way Communication: This mode of 
communication between consumers and utilities 
allows for better monitoring, control and 
govern the flow of electricity, leading towards 
optimized operations and reduced downtime.

4.	 Grid Automation: Automation technologies 
enable self-healing capabilities, meaning the 
grid can perform diagnosis and respond to 

faults in real-time, minimizing disruptions and 
improving faithfulness.

5.	 Demand Response: Smart grids draw attention 
of the users to vigorously participate in 
managing energy demand through programs 
like demand response, where they can adjust 
usage during maximum peak hours in exchange 
for incentives.

6.	 Energy Efficiency: By providing insights of 
the patterns of energy consumption the smart 
grids enable utilities and consumers to identify 
inefficacy and implement measures to reduce 
waste and minimizing the overall energy 
consumption.

7.	 Grid Security: Enhanced cyber security 
measures protect against potential threats, 
ensuring the integrity and security of the grid 
infrastructure and data.

Definition:
	z A smart grid is the emerging technology based 

on the digitalised format that transform energy 
landscape. It refers to two way power flow 
between the consumers and the providers in real 
time frame.

	z A smart grid  just simply the advanced version of 
the normal grid. The smart grid is well equipped 
with modern based communication system 
which shares proper information in real time 
frame along with enhancement in efficiency, 
reliability, accountability, creditability and 

sustainability among consumer and utilizers.
	z Smart grid comes with intelligence and 

automated based components systems which 
enables to guide, protect and minimise fault 
in generation, transmission and distribution 
system.

	z Smart grid is incorporates with sensing 
devices, controlling equipment and modern 
communication which helps the both parties to 
monitor, sense, protect and control of electric 
flow.
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Grid:
"Grid" can refer to the traditional power grid which 
is old conventional form of electricity distribution 
system that was in practice from several years. 
It can mean that a network of lines like cobweb, 
which form squares or rectangles like in a spread 
sheet or a city layout. It can also refer to a system 
for distributing electricity or data, like an electrical 
grid or a computer network grid. The electrical 
grid is a complex network of power generators, 
transmission lines, substations and distribution 
lines from power plants station to consumers. 
It is the infrastructure that allows electricity i.e. 
generated, transmitted and distributed to consumers 
of different types according to their demand. 

The power grid, also known as the electrical grid 
or energy grid, is a network of interconnected 
transmission lines, substations and transformers that 
enable the generation, transmission and distribution 
of electrical power from power plants to consumers. 
It enables the reliable supply of electricity to the 
consumers. The power grid includes three main 
components i.e. generation, transmission and 
distribution. Generation involves the production of 
electricity at power plants, Transmission involves 
the high-voltage transportation of electricity 
over long distances and Distribution involves the 
delivery of electricity to end-users at lower voltages 
through local distribution networks.

Working Procedure:

Smart grid is digitally based electric network 
that implement digital technology to optimize 
the generation, transmission, distribution and 
consumption of electricity. This is based on various 
types of devices, sensors and communication 
system technologies which enhances the efficiency 
of the power system. It integrates various renewable 
energy sources, improves efficiency and enhances 
reliability through monitoring based on real-time 
and control based method. They are:

1.	 Digital Technology Integration : It is merged 
with advanced power communication and I.T 
to enhance the efficiency and constant supply 
to fulfil the electricity delivery.

2.	 Two-way Communication : They permit two-
way power flow communication between 
utilities and consumers which allows real-
time based vigilance and control of energy 
consumption and production.

3.	 Renewable Energy Integration : The grid 
incorporates with renewable energy sources for 
managing its variability and optimizing their 
contribution to the grid.

4.	 Grid Automation : Automation of grid 
operations allows for faster detection and 
response to faults and improving reliability.

5.	 Demand Response : Smart grids acts according 

to demand responses programs that stimulate 
consumers to adjust their electricity usages as per 
the need during maximum peak hours and thus 
reduce the strain of the grid and lowering costs.

6.	 Energy Storage : They facilitate and guide the 
energy storage systems such as batteries to 
stockpile the excess energy during periods of low 
demand and release it during peak time demand.

7.	 Efficient Transmission and Distribution : By 
optimizing the flow of electricity, smart grids 
minimize transmission losses and improve the 
efficiency of distribution networks.

8.	 Data Analytics : Smart grids leverage data 
analyser to analyse consumption patterns, 
predict demand and optimize the grid operations 
for maximum efficiency and cost-effectiveness 
techniques.

9.	 Cybersecurity Measures : Due to the increased 
connectivity and more reliance on digital 
technology, the smart grids implement robust 
cybersecurity measures for protection against 
cyber threats and ensure the security of the grid 
infrastructure.

10.	 Interoperability: Smart grids strive for 
interoperability, allowing different systems 
and technologies to work together seamlessly, 
regardless of vendor or origin, to create a 
cohesive and efficient energy ecosystem.
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The smart grid serves multiple functions, including 
improving reliability, efficiency and flexibility 
distribution of electricity among consumers. It 
enables better method of renewable energy sources, 
facilitates real-time system of monitoring and control 
with two-way communication between utilities and 
consumers & keeps the grid secure or protected. It is 
a technology based electrical grid that utilizes digital 
technology, automation and communication to 
enhance the efficiency, effective electricity delivery. 

They are:

1.	 Bilateral Mode of communication (B.M.C): 
Smart meters allow for bilateral mode of 
communication between consumers and 
utilities, enabling the real-time data monitoring 
of electricity usage. The data obtained thus 
helps us to identify outages more quickly and 
implement demand-response programs.

2.	 Smart grid technologies enable real-time 
monitoring and control of the grid, allowing 
utilities to detect and respond to issues such as 
voltage fluctuations, line faults and, equipment 
failures more efficiently. This improves grid 
reliability and minimizes the downtime.

3.	 The smart grid facilitates accumulating 
ofrenewable energy sources by providing 
mechanisms for managing its intermittency. It 
empowers utilities to forecast renewable energy 
output, balance supply and demand for optimize 
grid operations accordingly.

4.	 Demand Response and Energy Management: 
Smart grid systems helps utilities to manage 
demand more effectively reduce peak load and 
avoid costly infrastructure upgrades.

Function:
5.	 The smart grid supports integration of 

distributed energy resources. These resources 
can be aggregated and managed to provide grid 
services such as peaccaving, voltage support 
and frequency regulation.

6.	 Enhanced Grid Security and Resilience: By 
incorporating cyber security measures and 
decentralized control mechanisms, the smart 
grid enhances grid security and resilience 
against cyber attacks, natural disasters and 
physical threats. It allows for rapid identification 
and isolation of compromised components to 
prevent widespread outages.

7.	 Smart grid infrastructure can support widespread 
adoption of electric vehicles by providing 
charging infrastructure and implementing smart 
charging algorithms. This helps to manage 
the entire EV charging on grid operations and 
enables vehicle-to-grid capabilities for grid 
services.

8.	 Data Analytics and Predictive Maintenance: 
The smart grid generates huge number of 
data that can be used or needed to analyzed 
the identify patterns, optimize operations and 
for prediction equipment failures. Predictive 
maintenance techniques help utilities schedule 
maintenance system proactively and thus save 
time in improving asset longevity.

9.	 Policy and Regulatory Framework : The 
Government of India reconstructed certain 
policies and regulations to encourage, & support 
to update Grid technologies across the country. 
Various initiatives and several steps were taken 
by Indian Government in this aspect. 

Limitation:
1.	 Initial Investment : Implementing a smart grid 

needs significant beforehand investment in 
infrastructure, technology with proper training.

2.	 Cyber security Risks : Smart grids are vulnerable 
to cyber-attacks, which could disrupt energy 
supply, compromise data security or even cause 
physical damage to the grid infrastructure.

3.	 Privacy Concerns : Smart meters and other 
monitoring devices collect complete information 
about energy usage by raising concerns about 
consumer privacy and data protection.

4.	 Interoperability Challenges : Integrating 
diverse technologies from various vendors into 
a cohesive smart grid system can be complex 
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and may result in interoperability issues.

5.	 Reliability : While smart grids aim to 
enhance reliability, they can introduce new 
points of failure, such as software glitches 
or communication breakdowns, which may 
disrupt service.

6.	 Regulatory Hurdles : Regulatory frameworks 
may not implement with the same pace with 
advancements in this grid technology, hindering 

deployment and innovation.

7.	 Grid Congestion : Increased connectivity and 
proper distribution of energy resources may 
lead to congestion in certain parts of the grid, 
requiring additional infrastructure upgrades.

8.	 Socioeconomic Equity : The benefits of this 
grid technology may not be equally distributed, 
potentially exacerbating socioeconomic 
disparities, if it is not implemented equitably.

Comparison:

	 Traditional Power Grids :	 Smart Grids :
1.	 One-Way Communication: Traditionally grids 

primarily tend towards flow of electricity in 
unidirectional i.e. from generating station to 
the consumer with limited feedback on usage 
patterns.

2.	 Centralized Generation: Power is generated 
mainly by large and streamline which may 
be located far from the end-users, leading to 
energy losses during transmission.

3.	 Manual Monitoring: It leads towards the grid 
rely heavily on manual processes, with limited 
practice based on real-time flow of data on 
energy consumption and system activities 
performance.

4.	 Limited Flexibility: Traditional grids have 
limited ability to accommodate green energy 
sources with proper energy storage or demand-
response mechanisms leading to inefficiencies 
in grid management.

1.	 Two-Way Communication : It enables 
bidirectional communication between the 
providers and consumers, allowing the system 
to do real-time monitoring of energy consumed 
and grid conditions.

2.	 Distributed Generation : Smart grids integrate 
resources like renewable and energy storage 
systems by allowing for decentralized power 
generation nearer to the point of consumption

3.	 Automation : Smart grids uses sensors, 
meters and control systems to automate grid 
operations, optimize energy distribution and 
respond to fluctuations in supply and demand 
more efficiently.

4.	 Enhanced Reliability : With self-healing 
capabilities and predictive maintenance, smart 
grids are more resilient to outages and disruptions, 
ensuring more trusted electricity supply.

5.	 Integration of Renewables : Smart grids 
facilitate the integration of renewable energy 
sources enables smooth grid operation to 
manage fluctuations in demand and supply.

These are constantly done with new technologies 
aimed at improving the efficiency, faithfulness and 
sustainability. Some emerging technologies are:

1.	 Advanced Metering Infrastructure(AMI): This 
enables bilateral mode of communication 
between utilities and consumers, providing real-
time data on energy consumption and enabling 
demand response programs.

New Technologies:
2.	 Distributed Energy Resources (DERs): It 

includes energy storage systems deployed at 
the distribution level, helping to combine the 
R.E.S into the grid and enhance resilience.

3.	 Grid Edge Technologies: Devices and 
systems located at the edge of the grid, such 
as smart inverters and sensors, makes real-
time observation and control of distributed 
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energy resources, improving grid stability and 
efficiency.

4.	 Internet of Things (IoT) : This device can be 
implemented to observe and control various 
components of the grid, optimizing operations 
and reducing maintenance costs.

5.	 Artificial Intelligence (AI) : It can dissect 
huge amounts of data generated by smart grid 
sensors to optimize the grid proper operations 
by predicting equipment failures and detect 
anomalies.

6.	 Block-chain : This technology can exalt the 
security and transparency of transactions in the 
smart grid, particularly in peer-to-peer energy 
trading and microgrid operations.

7.	 Virtual Power Plants (VPPs) : These aggregate 
and coordinate the operations of distributed 
energy resources to provide a better way of grid 

services, such as frequency regulation and peak 
shaving, while maximizing economic benefits 
for participants.

8.	 Microgrids : Localized grids that can operate 
independently or in conjunction with the main 
grid, providing resilience during outages and 
enabling communities to coupled renewable 
energy sources more effectively.

9.	 Energy Management Systems (EMS) : These 
software platforms optimize energy usage and 
generation within buildings, industrial facilities 
and campuses, contributing to overall grid 
efficiency.

10.	 Grid Modernization Initiatives : Governments 
and utilities are investing in upgrading aging 
infrastructure and implementing smart grid 
technologies boost up the reliability, resilience 
and sustainability.

Scope in India:

India's smart grid initiatives aim to modernize 
the country's electricity infrastructure, enhancing 
efficiency, reliability, and sustainability. These 
grids integrate advanced technologies like IoT, 
AI, ML and renewable energy sources to optimize 
power distribution and consumption. Key goals 
include reducing losses, integrating renewables and 
improving demand-response mechanisms to meet 
the nation's growing energy needs while minimizing 
environmental impact. The scope of smart grids 
in India is vast and multifaceted. It encompasses 
various aspects such as:

1.	 Modernizing Infrastructure : Smart grids 
involve upgrading existing infrastructure 
with advanced aid technologies to improve 
efficiency, reliability and security in power 
distribution.

2.	 Renewable Energy Integration: With India's 
increasing focus on renewable energy the 
smart grids gets involved in a key role for 
integrating these fitful energy sources into the 
grid efficiently.

3.	 Demand Response Management: Smart grids 

enable better management of electricity demand 
by implementing technologies that indicates 
the consumers to adjust accordingly with their 
usage during peak times, thereby reducing 
strain on the grid.

4.	 Energy Efficiency: Through real-time 
monitoring and data analytics, smart grids can 
identify areas of inefficiency and optimize 
energy usage, leading to reduced wastage and 
lower costs.

5.	 Stability and Resilience: Smart grids enhance 
grid stability by detecting and responding to 
disruptions more rapidly, minimizing downtime 
and improving overall reliability.

6.	 Electric Vehicle Integration: With the growing  
demand and increase in price of crude oil, 
electric vehicles (EVs), smart grids provide the 
infrastructure required to support widespread 
charging networks while managing the 
increased demand on the grid.

7.	 Microgrid Implementation: These grids allow 
the development of microgrids, which are 
smaller-scale, localized energy systems that can 
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operate without depending on others sources or 
in conjunction with the main grid, providing 
resilience and energy security, especially in 
rural areas.

8.	 Data Analytics and Management: The 
implementation of smart grids led to generates 
large amounts of data, which can be analyzed 
to gain insights into consumption patterns, 

grid performance and predictive maintenance, 
leading to more informed decision-making.

Overall the scope of smart grids in India is vast 
with the potential to transform the country's energy 
landscape by improving efficiency, sustainability 
and reliability, while meeting the growing energy 
demands of a rapidly developing nation.

While smart grids offer numerous benefits but they 
also face several challenges, particularly in the 
reference of a developing country like India :

1.	 Cost : The initial investment required to 
implement smart grid technologies can be 
significant, posing a financial challenge, 
especially for cash-strapped utilities and 
governments.

2.	 Infrastructure : India's existing power 
infrastructure is often outdated and is in need 
of significant upgradation to support smart grid 
implementation, which may tend towards a 
huge logistical and technical challenge.

3.	 Interoperability : Ensuring compatibility and 
interoperability among the profuse components 
of a smart grid, including sensors, meters, 
networks communication and control systems 
can be more complex and requires robust 
standards and protocols.

4.	 Cybersecurity : Due to huge demand of 
connectivity and digitalization, it has with the 
risk of cyberattacks, which provide enhance 
security and reliability of the grid. Protecting 
smart grid infrastructure against cyber threats 
requires robust cybersecurity measures and 
continuous vigilance.

5.	 Management and Privacy of Data : Smart grids 

Challenges:
generate vast amounts of data, raising concerns 
about data management, privacy and protection 
of consumer information. Establishing 
appropriate data governance frameworks and 
ensuring compliance with privacy regulations 
is essential.

6.	 Regulatory Framework : Developing 
and implementing supportive regulatory 
frameworks that incentivize investment in smart 
grid technologies while ensuring affordability, 
fairness and transparency can be challenging.

7.	 Skilled Workforce : Building and maintaining 
smart grid infrastructure requires a skilled 
workforce capable of operating, maintaining, 
and troubleshooting complex systems. Investing 
in training and capacity-building programs is 
essential.

8.	 Public Awareness and Acceptance : Educating 
consumers about the benefits of smart grids and 
addressing concerns related to privacy, security 
and reliability is crucial for gaining public 
acceptance and support.

Addressing these challenges requires a coordinated 
effort involving collaboration among government 
agencies, utilities, industry stakeholders and the 
public to overcome barriers and realize the full 
potential of smart grids in India.
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1.	 Sensing and Measurement : This includes 
sensors and meters deployed throughout 
the entire grid to measure parameters such 
as voltage, current, power flow and system 
conditions in real-time.

2.	 Communication Infrastructure : A robust 
communication network is very much essential 
for transmitting data collected by sensors and 
meters to control centers and other relevant 
entities. This network makes real-time 
monitoring, control and guide together the 
smooth grid operations.

3.	 Data Management and Analytics : Smart grids 
generate vast amounts of data, which must be 
collected, processed and analyzed to derive 
actionable insights. Data management systems 
and analytics platforms are used to handle this 
data and support decision-making processes.

4.	 Control and Automation : Control systems 
and automation technologies are deployed 
to optimize grid operations, including load 
balancing, fault sensing and isolation, voltage 
regulation and demand response management.

5.	 Integration of Distributed Energy Resources 
: Smart grids facilitate the integration of 

The Architecture:
The architecture of a smart grid typically consists of several key components. They are:

distributed energy resources, such as solar 
panels, wind turbines with energy storage 
devices and electric vehicles into the grid. 
This involves bidirectional power flow and 
coordination of DERs to enhance grid stability 
and reliability.

6.	 Demand Response and Consumer Engagement: 
Smart grids enable demand response programs 
that motivate the consumers to adjust their 
electricity usage in response to price signals 
or grid conditions. Consumer engagement 
platforms provide tools and information to 
empower consumers to make smart informed 
decisions about their energy consumption.

7.	 Cybersecurity and Resilience : Given the 
increased connectivity and digitalizing the 
smart grids, robust cybersecurity measures are 
essential to protect against cyber threats and 
ensure the resilience of grid operations.

8.	 Regulatory and Policy Framework : A 
supportive regulatory and policy framework 
is necessary to incentivize investment in smart 
grid technologies, promote innovation, and 
ensure the alignment of grid modernization 
efforts with broader energy policy objectives.

Components:
The components of a smart grid can be categorized into several key areas:
1.	 Advanced Metering Infrastructure (AMI) : 

They are installed at consumer premises to 
measure and record electricity usage in real-
time. These meters facilitate two-way mode 
of contact between consumers and utilities, 
enabling remote meter equipped with sensor to 
make reading, outage detection, and demand 
response programs.

2.	 Sensors and Monitoring Devices : Various types 
of sensors and monitoring devices are deployed 
or installed throughout the grid to collect 
data based on the parameters such as voltage, 
current, power quality and system conditions. 
These devices provide real-time information to 

operators for grid monitoring and control.

3.	 Communication Networks : Robust 
communication networks, including wired and 
wireless technologies, enable the transmission 
of data between different components of the 
smart grid. These networks facilitate real-time 
based monitoring and coordinationing in grid 
operations.

4.	 Grid Control and Automation Systems :  
Grid control and automation systems utilize 
advanced algorithms and control strategies to 
optimize operations. This includes functions 
such as load balancing, voltage regulation, fault 
detection, isolation and outage management.
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5.	 Distributed Energy Resources (DERs): DERs 
such as solar photovoltaic (PV) systems, wind 
turbines, energy storage systems and electric 
vehicles are integrated into the grid to enhance 
flexibility, reliability and sustainability. This 
technology enables the efficient management 
and control of DERs to support grid stability.

6.	 Demand Response Technologies : Demand 
response technologies allow utilities to manage 
electricity demand by incentivizing consumers 
to adjust their usage during peak times or in 
response to grid conditions. This may involve 
dynamic pricing, automated load control 
devices and consumer engagement platforms.

7.	 Data Management and Analytics Platforms 
: Data management and analytics platforms 
process and analyze the vast amount of 
data generated by smart grid components. 

These platforms provide insights into grid 
performance, consumption patterns and 
operational efficiency by supporting decision-
making processes.

8.	 Cybersecurity Measures : With increased 
connectivity and digitalization, cybersecurity 
measures are essential to protect smart grid 
infrastructure against cyber threats and ensure 
the integrity and reliability of grid operations. 
This includes measures such as encryption, 
access controls and intrusion detection systems.

9.	 Regulatory and Policy Frameworks : A 
supportive regulatory and policy framework 
is necessary to incentivize investment in smart 
grid technologies, promote interoperability and 
standards, and address issues related to privacy, 
security and consumer protection.

Transmission Automation:
The automation associated with the transmission are following:
1.	 Dynamic Line Voltage and Current Rating

2.	 High Temperature Control

3.	 Sag Minimization

4.	 HVDC 

5.	 FACTS

6.	 Wide area Monitoring Systems(WAMS)

7.	 Stand Alone Power Supply (SAPS) System

8.	 Renewable Energy Management System 
(REMS)

Future Scope:
The future scope of this is vast and holds promise for transforming the energy landscape in several ways:
1.	 Enhanced Integration of R.E: It will play a crucial 

role in integrating a higher share of R.E. sources 
like solar and wind into the grid. Advanced 
forecasting, real-time monitoring, and control 
capabilities will enable better management of 
intermittent renewable generation, ensuring 
grid stability and reliability.

2.	 Electric Vehicle (EV) Combination: With the 
increasing adoption of electric vehicles, smart 
grids will facilitate the combination of EV 
charging infrastructure using the grid. Smart 
charging technologies will optimize charging 
patterns, manage grid impact and support 
bi-directional power flow between vehicles 
and the grid, enabling vehicle-to-grid (V2G) 
capabilities.

3.	 Energy Storage Optimization: Smart grids will 
enable the efficient integration and management 
of energy storage devices, including batteries 
and other storage technologies. These systems 
will help to maintain the balance between the  
supply and demand, support grid stability and 
mitigate the variability of renewable energy 
sources.

4.	 Grid Edge Technologies: The deployment of 
advanced sensors, controls and communication 
technologies at the grid edge will enable 
localized decision-making and control. This 
includes capabilities such as micro grids, 
distributed energy resources and demand 
response programs, empowering consumers to 
participate actively in grid operations.
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5.	 AI and Data Analytics : AI and data analytics thus 
deals by playing significant role in optimizing 
grid operations, predictive maintenance 
and asset management. Machine learning 
algorithms will inspect the vast amounts of data 
to identify patterns, optimize energy flows and 
improve grid efficiency and reliability.

6.	 Cyber-Physical Systems : Smart grids will 
evolve into cyber-physical systems that integrate 
digital technologies with physical infrastructure 
while authorizing real-time monitoring, control 
and optimization. This convergence will 
enhance grid resilience, cybersecurity and 
adaptability to changing conditions.

7.	 Grid Resilience and Adaptability: Smart grids 
will become more resilient and adaptable 
to disruptions, including natural disasters, 
cyberattacks and extreme weather events. 

Advanced sensing, control and automation 
capabilities will enable rapid response and 
restoration of grid operations.

8.	 Consumer Empowerment and Engagement: It 
will empower consumers to actively participate 
in energy management decisions, including 
energy usage, generation, and storage. 
Consumer engagement platforms, real-time 
feedback and personalized energy services will 
enhance energy awareness and efficiency.

9.	 Policy and Regulatory Support: Continued 
policy and regulatory support will be crucial for 
accelerating the deployment and adoption of 
smart grid technologies. This includes incentives 
for investment, regulatory frameworks that 
promote interoperability and cybersecurity and 
standards development to ensure compatibility 
and reliability.

Conclusion:
In conclusion, smart grids represent a transformative 
approach to modernizing and optimizing our energy 
infrastructure. It offers a range of benefits, including 
enhanced efficiency, reliability and sustainability 
by combining the advanced technologies such as 
IoT, AI, ML and R.E.S. Through real-time based 
monitoring, control and optimization, smart grids 
enable better management of energy resources, 
integration of renewables and support for emerging 
technologies like electric vehicles and energy 
storage. They enable the consumers to actively 

participate in energy management decisions and 
contribute to a more resilient and adaptive grid. 
However the smart grids require overcoming 
various challenge, including cost, infrastructure, 
cybersecurity and regulatory hurdles. Continued 
investments, collaboration among stakeholders by 
supportive policies are essential to unlock the full 
potential of it and thus realize a more efficient, 
reliable and sustainable energy for upcoming 
future. Overall we can say that smart grids offer a 
promising future.
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1.	 International Electro technical Commission 
(IEC) : The IEC publishes standards and 
technical reports related to smart grids, 
providing valuable insights into industry best 
practices and guidelines.

2.	 Institute of Electrical and Electronics Engineers 
(IEEE) : IEEE publishes journals, conferences, 
and standards related to smart grid technologies, 
covering topics such as grid modernization, 
renewable energy integration and cyber 
security.

3.	 Smart Grid News : Smart Grid News is an 
online publication covering news, trends and 
developments in the smart grid industry.

4.	 Smart Grid Research Consortium : This 
consortium comprises leading academic 
institutions, research organizations, and 
industry partners focused on advancing smart 
grid research and innovation. Their publications 
and reports offer in-depth analysis and research 
findings on various aspects of smart grids.

5.	 National Renewable Energy Laboratory 
(NREL) : NREL conducts research and 
development on renewable energy and energy 
efficiency technologies, including smart grid 
integration. Their reports and publications 
provide valuable insights into the technical and 
economic aspects of smart grid deployment.

6.	 Electric Power Research Institute (EPRI) : EPRI 
conducts research and development on a wide 
range of topics related to electricity generation, 
transmission, and distribution. Their reports and 
publications cover smart grid technologies, grid 
modernization and reliability improvements.

7.	 "Smart Grid : Integrating Renewable, 
Distributed & Efficient Energy" by Fereidoon 
P. Sioshansi

8.	 "Smart Grid Handbook" edited by Chen-Ching 
Liu and Stephen McArthur

9.	 "Smart Grid : Fundamentals of Design and 
Analysis" by James Momoh

10.	 "Smart Grids: Infrastructure, Technology and 
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Abstract

Today, the Indian coal sector is at a crossroads. On the one hand, the 
Indian economy is expected to grow considerably in the coming years, 
and so too are the three largest coal consuming sectors - electricity, iron 
and steel, and cement. However, the climate commitments made by India 
(within the framework of the Paris Agreement), and the declining costs of 
renewables, in particular solar photovoltaic (PV) panels, are impacting the 
business case of the coal sector in the country at large. The main certainty 
is that, given its central role in the energy and economy in India, a part 
of India’s success in the future is essentially linked to the successful and 
efficient management of the coal sector (Source: IEA India 2020Energy 
Policy Review).

India is the world’s second largest producer of coal after the People’s 
Republic of China. As we all know, coal, the lifeline behind the nation’s 
energy security, is not going to last forever. As this humble bundle of 
energy is non-renewable, the strategic and efficient utilization of the 
remaining coal reserves is essential, if we intend to ensure that our future 
generations do not end up facing energy crisis.

Coal accounts for 47.73% of the overall total installed capacity, and 
86.74% of the total thermal (coal, lignite, gas, and diesel combined) 
installed capacity in the country, as on 31.03.2024. Exactly a decade ago, 
ie., as on 31.03.2014, these figures were 58.44%, and 86.34% respectively 
(Source: CEA). 

Tadimalla H Mohan Rao
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Following table helps in depicting the above picture in a more coherent way:
(Installed capacity in MW)

As On
Coal-based  

installed  
capacity

Overall total 
installed 
capacity

Total thermal 
installed 
capacity

Coal’s share 
out of  Overall

Coal’s share 
out of  

Thermal

(1) (2) (3) (4) (5) (6)
31.03.2024 210969 441970 243217 47.73% 86.74%
31.03.2019 194444 356100 226279 54.60% 85.93%
31.03.2014 145273 248554 168255 58.44% 86.34%

Following inferences can be drawn from the above table:

�	 There has been a huge jump of 77.82% [from 248554 MW 
(as on 31.3.2014) to 441970 MW (as on 31.3.2024)]  in the overall 
capacity addition during the last one decade (Col 3)

�	 There has been a considerable jump of 45.22% [from 145273 MW 
(as on 31.3.2014) to 210969 MW (as on 31.3.2024)] in the coal-based 
capacity addition during the last one decade (Col 2)

�	 While the rise in coal-based capacity addition during the first half of 
the last decade was considerably high at 33.84% (from 145273 MW 
as on 31.3.2014 to 194444 MW as on 31.3.2019), the same during the 
second half of the last decade remained significantly low at only 8.49% 
(from 194444 MW as on 31.3.2019 to 210969 MW as on 31.3.2024)
(Col 2)

�	 Share of coal in thermal energy matrix has more or less remained 
constant at 86% during the last one decade (col 6)

�	 However, share of coal in the overall energy matrix has significantly 
dropped by 10.71% from 58.44% (as on 31.3.2014)  to 47.73% (as on 
31.3.24) during the last one decade (Col 5)

�	 This shows that coal’s share in the country’s overall energy matrix is 
falling down, at a rate of + 1% every year. 

Considering the steady shift towards the non-conventional sources 
of energy being witnessed in the country, especially towards solar, the 
annual fall in coal’s share in the overall energy matrix is projected to rise 
at further higher rates of around 2-3% or even more, in the coming years. 

No effort is required to understand the reasons behind the shift slowly 
happening from coal to other renewable sources in order to meet the 
rising energy needs.  Considering the environmental externalities linked 
to production and use of coal, viz., air pollution, impact on water at 
different stages of the production and consumption processes, and rise 
in CO2 emissions, to quote a few, the damage caused to the country’s eco 
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systems due to mining operations doesn’t require any emphasis. Despite 
these perils, India’s coal dependence is unlikely to disappear in the 
medium term and it is therefore a must for policy makers, industry and, 
more generally, the Indian society, to minimise its negative impacts by 
using state-of-the-art technology in a cost-efficient way, which essentially 
involves a pin-point focus on sustenance of the natural quality of coal, 
through the entire spectrum of activity starting from mining to end-use. 
The impact caused to the environment in a big way due to emission of 
the greenhouse gases because of use of coal notwithstanding, production 
and delivery of coal with all its contaminants ensured ‘intact’ by the coal 
companies still remains the major cause of concern.

Needless to say, the failure on the part of the coal companies in ensuring 
100% delivery of coal in the grades notified is the major factor that is 
causing further rise in the damaging impact to the environment. The fact 
that grade conformity against supplies from CIL’s mines during 2023-24 
stood at around 76% (source: CIL’s Press Release dt. 01.4.2024) cannot 
be taken as a factor to remain complacent. Though the reported 76% 
grade conformity was no doubt, commendable, the fact to remember is, the 
gap was still 24%! The track record shows grade conformity has always 
remained vastly inconsistent. This vast inconsistency is the foremost reason 
that is triggering the above shift away from coal, forcing the policy makers 
to initiate all necessary measures so that the said shift happens completely, 
and quickly. CIL would be failing in meeting its national responsibility, if 
100% grade conformity is not realized every year, year after year, since 
sporadic performance on quality front is not what the Nation is looking 
for! 

Despite this scenario, and considering that coal still singularly accounts 
for nearly 50% share (47.73% precisely) in the nation’s present energy 
matrix, it’s no surprising that the annual coal production targets in the 
country are being pegged at higher and higher levels year after year. This 
clearly emphasizes that coal’s share is expected to continue to remain 
significant in the country’s total primary energy supply (tpes) position at 
least for another couple of decades.

In order to meet the growing Energy needs, the country is required to be 
geared up to produce and deliver more quantity of coal, at least over the 
next couple of decades. Continued use of coal for electricity generation 
in the country thus having become inevitable, the absolute need for 100% 
grade conformity assumes far more significance.

During the financial year (2023-24) just gone by, the country has produced 
997.23 million tonnes (mt) of coal (against the national target of 1012 
mt), compared to 893.19 mt produced during the earlier fiscal of 2022-23. 
Out of the 997.23 mt produced during FY 24, CIL alone produced 773.64 
mt, constituting a whopping 77.57% of the country’s total coal output. 
This was 99.16% of CIL’s target of 780 mt set by the Ministry for FY 
24. With its production and offtake targets for the current fiscal 2024-25 
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having been pegged at 838 mt, which constitutes 77.6% of the country’s 
target of 1080 mt, it’s clear that the nation has yet again placed onerous 
responsibility on CIL, in meeting its energy requirements in a qualitative 
way. Therefore, Coal companies across the country, especially the coal-
producing subsidiaries of CIL, need to meet this huge target by producing 
and delivering coal in grades notified, but not by producing and delivering 
anything and everything the Mine Manager lays his hands on, above the 
earth and below the earth! Clearly Call for More Quantity doesn’t mean 
Endorsement for Compromising on Quality!

The question here is, how this can be ensured? The answer is simple…..
by rooting out the insensitivity to coal quality issues prevailing amongst 
the rank and file of CIL and its coal producing subsidiaries. This, of 
course, requires a major attitudinal change. Needless to say, CIL is well 
equipped to enforce this change. However, what’s required is the 100% 
willingness to implement the change. The willingness to unequivocally 
adopt and absorb the QUALITY CULTURE as the fundamental policy. 
The willingness to put Quality before Quantity and produce Quantity 
WITH Quality. After all, coal without energy cannot produce energy! And, 
India is a signatory to the Paris Climate Treaty!! The ensuring paper is a 
modest attempt focusing on the right deliverables……

1.0 Introduction
The demand for energy is consistently on the rise 
and coal, being the primary source of commercial 
energy in the country, plays a crucial role in 
ensuring India's energy security & economy.  Coal 
ensures a reliable and steady energy supply, crucial 
for sustaining industrial growth, and powering 
urbanization. 

India is the second largest consumer (as well as 
producer, as stated in the abstract above) of coal 
and coal has hitherto played a crucial role in India’s 
energy sector, accounting for 55% of the country’s 

energy needs and over 75% of its electricity needs. 
In addition, coal is also a vital ingredient and energy 
source in production of many important material/
products viz. Steel, Cement, Fertilizer, Paper etc. 
With significant availability of indigenous coal 
reserves and its affordability, coal is likely to continue 
as primary source of energy for a considerable 
period of time to meet the developmental needs of 
rising economy (Source: NITI Aayog’s Sept-2021 
report of the Inter-ministerial Committee on Just 
Transition from Coal)

Coal without energy cannot produce energy:

Thus, strategic and efficient utilization of the 
remaining coal reserves is essential, if the country’s 
future energy security is to be ensured. This 
onerous task unequivocally calls for responsible 
and qualitative mining. In this context, the data 
outlined in the following table on the role played 

by coal more than ten years ago against different 
parameters, and likely to be played by coal in 
future as well (when India celebrates its century 
of Independence) against the same parameters but 
under two different scenarios (BAU-Business As 
Usual, and Ambitious), shall be of lot of relevance: 
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Parameters
Role of Coal

Existing as in 
2012

Anticipated by 2047 Under
BAU Scenario Ambitious Scenario

Energy Mix in India 46% 50% 42%
Import Dependence 17% 65% 34%

Domestic Production (mt) 582 1157 1400
Installed Capacity (GW) 125 333 459

Energy Supply (Twh) 3272 15155 9790

(Source: Overall Energy Scenario of India Till 2047 – By Ripunjaya Bansal (Energizing India – A joint Project 
Report of NITI Aayog and IEEJ (The Institute of Energy Economics, Japan) dt. 16th June 2017)

From the above table it may be seen that if the 
figures shown against each parameter outlined 
under the ambitious scenario by 2047 are to be 
truly accomplished, it’s obvious that the quality of 
coal delivered must be able to produce the required 
heat content; and this is possible, only when 100% 
conformity is realized. Else the nation shall be left 
with no choice but to stay contented with the figures 
shown under the BAU scenario. After all, coal 
without energy cannot produce energy!

Besides providing gainful employment and 
economic sustenance to millions world-wide, 
coal provides electricity to billions of people 
across the globe. Its abundance, low price, and 
availability make it the fuel of choice. At the Paris 
Climate Treaty, India has committed that its non-
fossil fuel based (other than thermal) installed 
generating capacity would be about 40% of its total 
installed capacity, and India has already surpassed 

this target with its ‘other than thermal’ installed 
capacity having clocked at 41.12% two years ago, 
by 30.4.2022 itself. This figure has further gone 
upto 45% by 31.03.2024, as can be seen from 
Col 7 of the following table (Source: CEA).

In order that the balance 55% installed capacity of 
India, which is fully thermal (Col 6 of the following 
table) remains totally accessible, it’s obvious 
that India needs to secure electricity largely from 
the coal-based thermal plants using the HELE 
technologies like super critical and ultra-super 
critical, IGCC (Integrated Gasification Combined 
Cycle), etc. Needless to say, this requires coal of 
higher heat value, lower ash content and consistent 
size. Therefore, India would need to ensure a pin-
pointed focus on use of the HELE technologies for 
coal-based thermal generation, which in turn calls 
for use of its coal reserves efficiently and effectively. 

Installed capacity position as on 31.03.2024 (MW):

Thermal Total other 
than thermal 
(nuclear + 
renewable)

Overall Total 
(3+4)

Share of  
‘thermal’ in 

overall

Share of  
‘other than 
thermal’ in 

overall
Coal Other than 

coal Total

(1) (2) (3) (4) (5) (6) (7)
210969 32248 243217 198753 441970 55.00% 45.00%



Minetech, Volume 45, No 2, April-June 2024 
42

It’s an uncontested fact that generation of quality 
power is directly dependent on use of state of the 
art technologies by the thermal plants, and on the 
production and delivery of quality coal by coal 
companies. In order to meet the rising demand for 
electricity, we need more and higher quantities of 
coal. However, one significant fact to remember 
here is, increase in coal consumption is not only 
because of new capacity addition but also because 
of deterioration in coal quality in terms of its heating 
value (Siddhartha Bhatt M and Rajkumar N -The 
Journal of CPRI, Vol. 11, No. 4, December 2015 
pp. 773-786), which clearly implies that the lower 
the quality of coal, the higher will be the quantity of 
coal required for generation of the same quantum 
of electricity and vice versa. Therefore, the focus 
needs to be not only on production of more and more 
quantity of coal, but simultaneously on ensuring 
100% grade conformity of the coal so produced and 
delivered to the power sector-consistently-year after 

year. Otherwise, the statement that appears on the 
homepage of CIL’s website viz., “Ensuring Energy 
Security with Sustainability” may face the threat of 
appearing hollow, bringing CIL’s integrity in this 
regard under a shadow, since the essence of this very 
important statement is directly linked to production 
and delivery of coal in absolute conformity with the 
grades/quality declared. Further, as we all know, the 
word ‘quality’ is an integral part of CIL’s Mission 
Statement!

By putting quality before quantity as in the 
dictionary and producing quantity with quality 
only, the nation’s rising energy requirements can 
be more effectively met with, simultaneously 
ensuring conservation of the precious and priceless 
national resources and the environment. Therefore 
what really matters is ‘what has been produced’, 
rather than ‘how much has been produced’! 
And this is a very important question to think, pause 
and ponder. 

QE Calls for QE (Quantitative Expansion Calls for Qualitative Enrichment):
The production graph of CIL has grown from a 
modest 79 mt at the time of inception (during 1975-
76) to 773.64 mt during 2023-24, almost a 10-fold 
growth, which is nevertheless massive. This means 
there was unarguably a huge Quantitative Expansion 
in the coal production of CIL. However, the moot 
question is, whether there was a simultaneous 
Qualitative Enrichment of its product, too!

In this context, it may be of a lot of relevance if 
a reference is made to a booklet titled “Human 
Values in Management” authored by Swami 
Ranganathananda, which was published by CIL 
during 1986.

The late Swami Ranganathananda was the Trustee 
of the Ramakrishna Math and Member of the 
Governing Body of the Ramakrishna Mission 
and an eminently renowned and widely respected 
scholar monk of the Ramakrishna Order and the 
above booklet is the compilation of the lecture 
series of the Swamiji.

During Sept 1983, Swami Ranganathananda 
addressed the officers of the Punjab National Bank, 
New Delhi on the contemporary subject of Human 

Values in Management. The Bank later published 
his impromptu talk in a book form, which was 
subsequently published again by Coal India during 
1986 for the benefit of its employees and for those 
who are intimately connected with the subject of 
management. With the preface by Shri G.L. Tandon, 
the then Chairman of CIL, the booklet also contains 
a personal letter addressed to all Coal Indians by 
Shri Tandon.

Chapter 8 of the booklet abbreviated as 
“QE calls for QE” is of particular relevance here. 
In “QE Calls for QE” while the first QE stands for 
“Quantitative Expansion”, the second QE stands for 
“Qualitative Enrichment”.  A little about these two 
QEs..

The book says that Quantitative Expansion calls 
for a pari passu Qualitative Enrichment. Here the 
Latin phrase pari passu means “Side by Side”, 
“At the Same Time”, “On Equal Footing”, “Moving 
Together”, etc.

“QE calls for QE” applies to all departments, 
organizations and service institutions, whether 
public or private, without exception.  Looking 
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at the issue from the perspective of CIL, from 
just 11 collieries  at the time of formation of 
NCDC, and about 79 mt production at the time of 
nationalization, the no. of coal mines under CIL has 
grown to 322 (as on 1.4.2023), registering almost a 
30-fold growth.  Further, with the coal production 
of CIL having registered at 773.64 mt during FY 
24 (2023-24), there has been an almost 10-fold 
growth in its coal production as of now, compared 
to the coal production of the mid ‘70s. Thus, CIL’s 
Quantitative Expansion both in terms of coal mines 
owned by it and coal production from those mines, 
has been colossal.

However, such Quantitative Expansion calls for a 
pari passu Qualitative Enrichment. This, as enshrined 
in the book, calls for infusion of human values in 
CIL’s operations, since Qualitative Enrichment can 
be ensured only by individuals who uphold values.  
In the event the values get stifled and blunted under 
the guidance of a wrong philosophy of work and 
life, the Qualitative Enrichment of neither CIL as an 
organization, nor its product coal as an acceptable 
fuel, can happen.

In order that there remains a perfect balance between 

the Qualitative Enrichment of its work (coal 
production) and life (organization) components 
in CIL, there is a need to orient CIL’s human 
resources towards these two vital ingredients, so 
that these two dynamic parameters can become 
simultaneously qualitative. This can be done only 
when, rather than the intellect, the heart is accorded 
more priority. It is when heart responds to heart, 
a static management becomes transformed into a 
dynamic and developmental management, leading 
to infusion of values into its human resources, which 
ultimately ensures the Qualitative Enrichment of 
the work and life components of an organization in 
the desired blend, says the Swamiji.

Now, applying the above philosophy to CIL, it is 
essential to keep in mind that CIL’s commitment 
of ensuring energy security is not confined to just 
slogans. The slogans must be translated into 100% 
reality. Otherwise, no matter how much Quantitative 
Expansion of collieries and thus coal production 
keeps on happening year after year, the Qualitative 
Enrichment of CIL’s product cannot happen unless 
quality-oriented values are infused into its rank and 
file.

Effectiveness Defined - The P/PC Balance:
In his timeless bestseller “The 7 Habits of Highly 
Effective People”, which has sold more than 
25 million copies and named the “No. 1 Most 
Influential Business Book of the 20th Century”, and 
which has captivated the readers the world over for 
more than 2 ½ decades, Stephen R. Covey says that 
effectiveness is always in harmony with a natural 
law called “P/PC Balance”.

As per the above natural law, effectiveness is a 
function of two things, viz., the product and the 
producing asset, says Covey. Emphasizing that the 
P/PC Balance concept can be made applicable to any 
situation and to all the three kinds of basic assets, 
physical, financial and human, Covey concludes 
that only by preserving and maintaining the asset, 
one can enjoy the fruits of that asset. Conversely, 
Covey adds, one cannot have more fruits than the 
asset is capable of producing! This is what is known 
as the concept called P/PC Balance, in a nutshell.

Applying the above natural law to the coal industry, 
if a pattern of functioning that focuses only on the 
product (coal) is adopted neglecting the producing 
asset (mine), soon there will be no mine left out that 
produces coal. On the other hand, if only the mine 
is taken care of with no aim to produce coal, soon 
there won’t be resources to take care of the mine 
any further and the wellbeing of its manpower. 
Effectiveness therefore lies in what is known as 
the P/PC Balance, where P stands for the Product 
(Coal) and PC stands for the Production Capability 
(of the mine,) in the context of CIL.

In the quest for short-term returns or results, the 
prized mines are often ruined, and thereby the 
product, coal, which suffers serious deterioration 
in its quality thus becoms unfit for consumption, 
finally losing its demand. In order that the mines 
produce coal of the required quantity & quality, 
it is therefore essential that total care of the mines 
is first secured by following proper, precise and 
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scientific methods of coal extraction before going 
for actual production of coal, in strict conformity 
with the mine’s production capability and quality, 
as stipulated in the mines’ Project Reports.  Keeping 
the P (Product) and the PC (Production Capability) 
always in perfect balance makes a tremendous 
difference to the effective use of the physical assets, 
the mines.

On the other hand, if the P/PC Balance is not 
respected in the use of the physical assets, the trust 
of the customers reposed would stand violated and 

the biggest ever asset, called customer loyalty, 
would be permanently lost. Once this happens, it 
shall lead to a serious drop in the organizational 
effectiveness, which ultimately jeopardizes the 
national interests. Needless to say, the single most 
important responsibility and the national duty 
of the leaders of the coal industry is therefore to 
safeguard the assets of the country, by keeping a 
perfect balance between the P and PC factors while 
extracting the priceless non-renewable national 
resource.

Conclusion:
Careful reading of what has been said above 
reveals that quality plays the major role in shaping 
the overall destiny of any organization, and the 
coal-producing companies are, therefore, not an 
exception to this rule. The health, wealth and mirth 
of the people, consequently of the organization 
they work for, and consequently of the nation they 
represent, all are hence dependent on the quality of 

the product they produce, on the quality of the work 
they discharge and on the quality of life they possess. 
Focus only on the quantity of the product, with no 
focus on the quality of the product so produced, 
shall end up in detrimental consequences. As such 
it’s highly essential to always remember that ‘call 
for more quantity doesn’t mean endorsement for 
compromising on quality’!
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