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fore g1 I8 @ e @RTT Aokl ol HIET FeloR & Gl STl Wl d8a
@7 d T ° H3g
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Abstract

This review article is based on the Mine Plan Guidelines for the
vear 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

Ooed= Wiehfdeh GHeM 81 o ohg ofEel ST oh TS 2015 W IR T o1 WRA |, @is SHeE
U Hecyul e A1 o1 o hd © SR faskrm  fasehdu o g SIS @R O] A SR ST
& foru o yg@ HaeE € 9Rd § @fte fresedu iR uRered gt o 92 el o) aEiea Wouer 2l
(TFIZTH) o1 SR B Wwal o &l o1 @1 e o fAl W @ b vEieRur Wie o WA
TR 995 YR o €9 A @isll ohl oardeh Sqcterdl oy fomr Srogul ekt @ik TR fmierl gensti < @y
3 3 9Rd W @A & 1 gfg iR faee & faw  fohy S @ 91 39 YRR okl TfafafEt & qRomreEEy
T 3Tchel ST &A1l X SIS STEYShdl ® UAGRU (U o &5 W W oh Wiehfdeh WiRfefden
fa ®9 9 el qich @ @Il 1 9] wE TR kT emaRadHIa B gE R

IREFTTAT @EM ] ohl ATk T9GId 9o T o
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AR J-I’?IIC'NI, HNXT HIh{ d HIgT SIS

@ S Al Ueh Tehel-=R0] o1 ek T8l &, 3aferT
ohoel Sitad oh 31d =R o o9 @ @A Siedeh
¥ T Ay HhHU W i o fal agsTaEr
WrHfar, Srefertfersh geiem iR Sfad aRem weeyut
2l THeh fU 9Rd R A4 HHI-EEY W okt
MESeAE S fehT &1 shigen @eHi bt TR 31k
TIiER0 o Gfd STEeh Bkl &8 ohid ol YMfv=d
T o1 TN H Teh HEequl e o ®9 H, Higel
HAEe A qficas 3R &% U WEM o GHIMM ok
fau weet w1 21 Ufeifaeh &9 W, @Ml Bl & hA
=) yierard ARt @1 2, fSer dgd Sy 3R

Shicl SfSAT 9 HIZT Floi

e sfean fafiee 3 #ae™ o gfteanio o STg&d
@EHl e TEEM oh1 © N I 9 h b faIm
4 Hiepd oheH SAT B1 2009 § YESA I 169 AR
2009 % W€ H 130 WEMI 1 YA I T T,
= adam ¥ &%, gReged a1 ifdd &9 9§ &g HE
S ®1 T W 2009 ¥ UEA i 66 @EH 3HfaH
w9 § 98 o o fau fafed =t = 7, fod 9
63 Tl o fou offqw &9 ¥ @I Sk HH Hl
TG (THTHE) IREHYEeh IR ki TE B 1 56eh
fafert, 2009 ¥ T8 1 16 TEFl ohl STEAME AR
W &¢ o o foq fafea fran won 2, 9 @
Yok o foTU WM &€ i ohi SISk STEAR TS

HEANESTISTE 9 AEH ShicToR

gt @ B e o ? SR @eH T suferd
U WA §| Ueh HAIEUq gfTehi i STEvTehdl ohi
ST&Ld ol FHEd g, HACE 7 2009 H @RE 98 Hid
& ety wwr fopn, 5 a1 # 2013 3R 2020
o wenfua foran T sEeR WY € @ WA, AR
TR A 2009 § U8 9% 3 WMl o e o fau
SRR 2022 ¥ feenfrder S fobu ofR 3= adHM
o g, IRcgea a1 SAfad 9 | 9% o ®9 H il
foran s79 vEfeRuiT 99Td ol hH i g¢ gIfe
AR T YR W GEE &% i W R 2 @ 21

(Fruedt) faesfaa =1 7 2

2009 o §I% i WMl o e H, hidt sfean fafies
Ffehd ®9 ¥ 35 THUHEH dOR T @I €, S
EEM 9% A ohi IR Yfdagdr s 3R e
21 3k WY &, THRAT shiferads shol fafies
(THEETA) 4 2009 ¥ YEA okl B WM oI
IR Y W & S o AT SR 2009 ok oG hI
g @SHl ol 3ifae ®9 9 W€ W o fou fafeq
fora 21 Seci@dg & for o9 fafed el & faw
WM d€ T okl TAfaeEl Ted 9 € ud W8,
St waq wEeRw % fau wia sfea fafee ik
THETE, S bt Aidegar okl @ifehd Lt B

TR 9% A T T AT TAfare= ohi geaareerd
& SR TR e o foe, S2d A Wit i
fesed SRIcge (HTHANEISTE) o Ueh Wed faenfad
feran 81 78 Shsiopd Gid, TR 9 A b1 TidatereEl
o1 fARE ot gfaen <ar €, e @, st en
o 1% 91g SR S okl TUrE, gfH qHSTEnT iR
gHifseh greA SuE wife €1 dmfes ®9 @ 3
9Eel e[ Se ohid ol FEER SR SRifer ®9 9
Yge T o ®9 H Uk 3TSYl S oh! Gohd <l
€, S TRl e SR HEEIIeh shedrnl & fog
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o TEAURGHl o T AR IR UReE g

e Uhd THMYA ohl {Wifehd ohid dlcll hRamEdl

T A N SR IF AF FE H AR e

qAfER|

o THTUA Ui oh1 fequmer TwelA|
e W Sigd Weh % SNM HHGA ol a8 ©

EEREL

o 3ifYeh Wil THMYA ANTd IHM|
o Sifedi = e wE=M IR A A
o TSR H I HHI

HIgT AlSI 9 ITAT NIESIYIER

AR TR A THI-FAF | GIM 9% hd hl SOl
ol ASEd i AR GalkH SHad dR-aliehl bl
AEM o T disE @eE g et ol
Tiften e o fau wen fovvm wfafa fgw i

o UATA & W] H @M ok fau TH WeHa

gfteeptor =t feem o ™ el

RIECET

S-S TR IR ¥ 9 8N F SR 98 @
2, UHIfad feaeumer o fau T dedt S

e 9 % SFIE ol UEEMl S W@ R 3R
T w9 Y ASH SE S @ e g Haed
4 WM 9% S ol AUk WHIGF! ohl T&al ohi
J[E3d ohi| TR/t § 5% 98 WEHl ohl
ACF &M 9 dE FE W ORIY =IH, o a%

299 WM hl Y89 bl I

21 e AR foraee =i & fau @[ w3ed,
ORd TR g W @9 A feenftesr o

TR @R % A hi ANl 2024 oF HIMEA!

= diferept 1 ¥ fe@man w2l

IfeTehl 1: @A AsH SRR o ST{OR @R a8 ohid okl dfsHl § HeMEA
TR e I Hem
2020 2024 2020 2024
2 3.1 2.11 3.7
2.1 4.8 4.10
2.12
2.2 34 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.
A : el 3R foree e o foau @F HHed, IRd TR 51 S G Ao fRenfaaer 2020 & 2024,
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W ShUl/E Hifeteh/9&deeh ohl ST

T R forEe =difeh o foIu @M w1, YR WhR gR1 W @ der fRenfeer o oqar @
SO/ HifeTeh/g&iTesh ki fSIRY bl difereht 2 W Hehford bl TE ©:-

aifeTenT 2: ©EF ShU=l/@T HifcToh/I&dTaeh ohl TSRt

feenfee =1 4w

HE&AT

Tfefarfer

foem

2020

2024

TS FAS A bl H |

HIET FASR &AM o BTl HIZT FASR WA @ AST
1 A= I BT A1 FASR WH 9 HREAd HEA
FASK AF hi AT § TSI oh WO ol TH
&= T (2020 °F WEHM) o ohl FAEd @l T 2

1.1(C)

YIfaeite AT FArs M|

T S IE BH o &R U 9 ki oty & fag
yifaefiel HIET SR I JIR ST SIa

2.2

3.4

Ydk 5 99 o d
TRl A3 FeASR A
oh1 A&

Yfaeiicl A SFellsk M ol 8¢ Ui |l ohl 3afy
o qeror feman Som SR §HA-THT W ohg TR
BRI ergwifed R et ok TSfal gr s9ehl e/ Rt
Shi ST

2.2

3.4

TRAA e FSR Tl
Tl TIN HE TS SHhI
ST

T A o1 foeror gy wRAe oA a6k Tl
=1 fafa= wfafafeal &1 e1<aa @@ SAE 1 =7
TN B § TfUd Wkl @Il b1 SR &1 | WEH
% &% M % Y U kA U 91 Uedl SHRT & fa
STTHIST WIS oh1 T&Id AT B

2.9

3.6

THUAHT 1 qoiar ok
foau e v& st @
S ) SO
IERESACaSI

TR HIEA FelloR WM bl FHIYA q+ft A1 ST 5
e FASRK M o 9 JEuHl oF SIgue W i
frimer g)1 gda-vet eifee U =t wiepfa &t T =l
T SEYT & fau wer g fAfde foedt ot geemy
HTSH/TSiE hi Tk eeAfeR wiifearfaent @ s9H ok
fau R a1 o iifee o forw Frgea fehar < Hehanr 2

fafde srafy o X @t § fawdd o gRomEEEy
Y 3.5.1 3R 3.5.2 o TER AT T TEH @Id ol
S foran S Fehar 2

ST HISH S T okl fafy= aifafafe=t st steaad
AN STTAM IR Teet W Tifid WEhl @i o foeRo
o T HIEAA HIZT FASR T A1 foeRo Hed Are
FASR M o STIARA o WHI YA fohan S B0

2.10

3.6a
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fegnfew =1 U

2020

2024

T@hl @ § et &
fow f R we o siifee ok
o, Hem/aTeA/uSidl o
M HET

TRl @ 9 el o fou AEA aeliok M St &
g W ol oy § WHI-9HY W W™ bl SO
TS TOHh! dAffee fordl TR T8 gon HuHdErssua,
T qEferoT SR SITHYM G (THEEsTRaeTE)
IR WEAfTeRt WeqH (STl oTEuEwn) a1 ™
3 & fau goa-gmg w fafde &g o= gy
(afifere-v @) g/ ki SE

2.2

3.4

3.5.5 (i)

dfst ®§ whR & fm
AT eh Al

W 3.4 o ITUR FASR M ohi AETeIeh St o SUId
TSR @ ¥ 3 A |fed gl S TR 1 50%
Toh B UM WA o o] fagfd gan oY e foR s
Hehdl 21

2.12

3.5.5 (i)

Wehd AR FASK T
h1 hTEATEEA|

hd e FASK T h1 SR 8g @ ohl wRUES
TWer ¥ v S € At wRe o -w et
o SMYR T oo o 3TIhH ohl SAM ohtd gL @1
Tfafaferi =hl Tep =01 § T =01 deF S W@ B

2.12

4.10

3.5.5 (i)

e A wd S|

ISl HIeA FelloR 37d § UWh! @d § ST ot T8 99
T (TRl e+ SASI-Ffdeiel @S §9€ ohid oh
fow gect 9 & wfagfd =t 78 R1) S o fa,
@M oh Hifcieh ol Shigel Taeh e R S JHToT
T o @iy fafyaa semafa stqae Rard s st
g, 9" a1 T B foR @R d] @’ |t
Qs Fradl Td g @1 T WehR, Sufies Gie,
e S gU S T B sRw o fafem W
oo fepan 21 sEd Fehiel WM A Sr{Eifa . Shigen
Her 3R add § @ fohu MU s fop oft sHenr

B =feT)

2.12

2.18

4.10

3.5.5 (1)

3.5.5
(iii)

qHiew W YAa  gfed
WAHER U H
HIF|

hol o Hifaeh ohl I8 GHf=d e B foh @’H
T3 A HT AT H HA GReeHer 3™, foead gar
R qate e wnfhet €, STHIfed | FeeR @ o

HTET HIZ FlSR WM o AR fehe Tw €|

2.13

4.11
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fegnfew =1 U

qEm

2020

2024

HIEIUT el YA i Alftich
e (wfaesa) |

ShUAt o HIfcloh ohl Yok a9 | S[Als § gal ohida
e ol uek arftfer R weqa shet e, foes
SATAIET TEH &% e bt Al (Wil SR e
T FASR M) H UfRehfeud U™ o $TER forw 1T
YRk 3R AT hrEl SRl SANT B

2.14

4.11(i1)

Igfad ok # gafy s
TEh! @Tdl Gl

T Wi ki AAfd W I ¥ U WEH Rl
e & W fed ot nfafafy @l 3E FE ok
ferg fagte eneeff & w9 o ot & Aifaes ol i
WATE o Ueh 9N o &9 H higall Haaeh Hied
(hs, PR ohi1 AR W) oh 1Y Teh TG TH TEh
@l @il g

GEH @ieH i AIAM Hem ¥ 9ge 39 shigen fHaeTeh

HeA (Hidiett) ol Tgd e B

Ul 1 Hifereh 9 Yggd (STgfed) ok w1 =
Y Gehdl & &l Uiehl @Al @iell Sl © SR gHeh!
o hen feiEen, SEietl, shicteRrdl ki 31 SR

2.7

2.15

3.5.2

3.5.4

Th! @Al @i o fau
wafa orfgfad o @
Y A o1 ToarEA|

Ut o Tifeich bl Toh TG ik h1 =97 T TEhI
Tl Giel 59 Sgfad Soh o @1l gueia oh1 e
L gH! gal hiFen FEsen, didiel, shictenr b
< B

2.7

3.5.2

Y0 3.5.1 & YEYF
U o AFHR Tk ffee
T TR @I ST SR

St % Hiferer w1 U 3.5.1 § 9T STER MO I
T R G ueh ffva i sgfea o o TRl @ §
ST ST B

A i g R ot ot faerm wfafafy & & 39

o UgA el qRASTH &3 o Ufd seeR o e wifora
YT SUTS Y T TR WISl ST ot ST ¢

7 @eE wifereh U 3.5.1, 3.5.2 3R 3.5.3 @& TER
AEgFeh afteh TRT ST ohid | fahel @d €, df TR

@ AR a9H o Fehdl @)

2.15

2.8

3.5.3

3.54
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TEH 9 BW o UH U Yed WS Hifeleh
(Shic? ShU1) ohl ‘‘W@EM S I bl WNTd ol SheR
& fau gren'’ wd 9w 2.3, 2.6, 2.7, 2.8 3R 2.9
o I & Hied BETd HE AR WM Al hid
i ATEAfgeh @A’ ok s fod 9WoT o STk oh SR
sifafaa Y 9_M e o1 o= ]l

TE 7 8 T 9&H Wiehi 36 ey | Sfod §9g S
At 31T iRl W 3Ueh! el ohY Fehdl &

2.16

3.8

WA 9 i o fau
SATIRET ¥R SR Jae™

Ife higen Frises a8 fuiftd ot § foF @em o9t &
¥ fau sifafed aafn =) eeggerar ®, 4 9fEism
yEiEes Jfafed Ui ST A & fau areg 2

4.13

SAfqq 9= JHoTTS

@I Hifeteh (Shid hoHl) R T TR ol Raeire
qf diT o Te g FEER IRd WRR  TEH
T ShE BT YHTUTYS WK oh{AT BRI

@A Aifcaeh ohl I8 M= el 3 foh grateres,
TR0 Yeig ke SR feerar @ G e srgHifRa

G A o SR foran T % q gl HIgT aedlsi

M % UEHHI/ATERRT S e T T

2.17

29

Hid: el IR forEe =i o U ohidel Haled, R OehR g ST @9 drer fRenfeer 2020

9 2024.

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




HIA T, IR TR g S T S
TREMMRIT 2024 o F© T faaifud 9 |9 I3 T
She T &)

foaifoa @e:

1.

T 9= 2 o §S FE9H ol faaifad sl 9’
e 3.1 ' pw WA b1 GHEY R T 2l

o fau 9 o 9fd BRI oI5 14 @ i
TR TH Y T o fau 1.5 @ i
TRMW & a5 2 @ Yfd TRI 1 FaHH
foran T @1 WY & 99 9¥ 01.04.2019 S g€A
T 01.04.2024 Tham 71 21 39 99 o9 w1 gd
o 9ifd 9Rd TR THI-THT W 3T IS
T Gehdl B

2. U W& 2.4, 2.19 o YEHHl SRl HHI: 4.9, )
412 7 U0 W ¥ g feha e R 8. Wt e CC%W((W 2.7, 2)8])%;
ShIcTehTdl 3155 ohi faaifua (3.5.3, 3.5.1
3. U G 2.1, 2.3 Rl THAER AU URT HEA 4.8 e
¥ 3qyd ferar T R .
) , L ~ 9. EEMU= (2.11) VI ol faalifud shid g A
4. :ﬁm T 2?;:?& Rl H{j:,l{:;;ﬁ;i; gﬂd TR (3.7) TR e T
. ’ 10. 90 2.18 H SUSTUd WIEAA HIZH SeSR ol
> Wﬁ;ﬁ(%ﬁﬁzlfﬁﬁii focifid o8 BT 2024 F TR 3.5.5 gii) F
IR AT FAeR fiRFe ol Siiel T €1 39eh
: sfer feman T 2
o YU ol forenfud foran T § SR 36eh S . ’ . ‘
T R A T (S T e § )| 11. 9@ 2.11 ¥ fgu sreequ= gferan (Wifga wo
. y YISl HISH aelloR) o fohT aR =S ohT fS7eh 9
6’“?‘“"3‘??,(“28”*;““%?@% 37 F g o wEn @ wie v d
T Fie' (W 3.5.3) il Safed fon T #1 R AR G W q an H
7. U 2.6 § XU U HET FASR e § S5 faver (qiferept 3) fepan T 21
YA U IR 3.5.1 ST T FSreh q8d STeehTe
qfeTeht 3: STeeHU= Ufehan
<) Tifae FeleR
o M TR o femwefern w& T WeiRI o1 qHEtE
o S ?Fﬁ'{'g{%T
- dre HE TR i e | T o T g R efidl €9 o1 dehHichl 3R Sifereh
o TN TSN YeitH 3R waeqo
) F{%ﬁﬁlﬁlﬁ

12. O FASR o 999 H d3ad hid ge 9+ @

fop AT - =en soeRe @ Yfta & fae T
THH G AT FAs) e o Suay fore

HiX 9fd =7 ¥ 8 IR g @ w=H %
I e[ &% 8 & 9% i GRS HIEHT FeIeR
iftge o erafy 3 (F9) ad IR S99 AU

TRl 2020 § U U Suey fEE e
TeHl fowen fefin sua (%) fu. Hfee
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13.

14.

15.

16.

17.

o efy 5(drE) 99 oft ohi e HINfud o
TOE €Y W URE H@EMAT gk difge & fau
3 T SR 9 FeAs) Giften diftge e fer 2
et feran T B

2020 ¥ 9t GUfFa Td ®wEAA HET FASK oh
gt Sl A YU FHE I HE ASE O]H H
e okl erafyr 3fiR Ui Wi aeli e okl
31afY R IR <1E o €9 H YK hd okl JaEH
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Mitigation of Metallic
Pollution of Soil for Ecosystem
Sustainability

Prof. Dinesh Mani'

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.

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

' 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.
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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; Zulfigar et al., 2019; Hussain
et al., 2021).




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
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Smart Grid

“Advancements in Smart Grid Technologies:
A Comprehensive Overview”
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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.
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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

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

Definition:

e 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.

e A smartgrid justsimply 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
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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.

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.

sustainability among consumer and utilizers.

e Smart grid comes with intelligence and
automated based components systems which
enables to guide, protect and minimise fault
in generation, transmission and distribution
system.

e 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.




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.

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

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.

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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Function:

The smart grid serves multiple functions, including 5.

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.

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.

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.

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

Limitation:

1.

Initial Investment : Implementing a smart grid
needs significant beforehand investment in
infrastructure, technology with proper training.

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.
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The smart grid

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

supports

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.

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.

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.

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.

Privacy Concerns : Smart meters and other
monitoringdevices collectcomplete information
about energy usage by raising concerns about
consumer privacy and data protection.

Interoperability ~ Challenges Integrating
diverse technologies from various vendors into
a cohesive smart grid system can be complex




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

Comparison:

Traditional Power 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.

New Technologies:

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.

deployment and innovation.

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

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

Smart Grids :

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.

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

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.

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

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

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.

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. Arttificial 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

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,
Al, 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
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10.

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

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.

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

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

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.

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.

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

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.

Microgrid Implementation: These grids allow
the development of microgrids, which are
smaller-scale, localized energy systems that can




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,

Challenges:

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

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.

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

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.

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.

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.

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.

Integration of Distributed Energy Resources
Smart grids facilitate the integration of

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.

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

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.

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.

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.

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.

operators for grid monitoring and control.

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.

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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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.

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.

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

Transmission Automation:

The automation associated with the transmission are following:

I.

2
3.
4

Dynamic Line Voltage and Current Rating
High Temperature Control
Sag Minimization

HVDC

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: Itwill 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.

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.
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5.

6
T
8

3.

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

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.

Regulatory and Policy Frameworks : A
supportive regulatory and policy framework
1S necessary to incentivize investment in smart
grid technologies, promote interoperability and
standards, and address issues related to privacy,
security and consumer protection.

FACTS
Wide area Monitoring Systems(WAMS)
Stand Alone Power Supply (SAPS) System

Renewable
(REMS)

Energy Management System

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.

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.




5. AlandData Analytics : Al and dataanalytics 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
evolveinto 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.

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, Al, 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

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.

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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CALL FOR MORE QUANTITY
DOESN’T MEAN ENDORSEMENT

FOR

COMPROMISING ON QUALITY

Tadimalla H Mohan Rao

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).

Sr. Manager (QC)/WCL-Rtd
Writer & Corporate Trainer
Consultant-Coal Quality & Allied Matters
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Following table helps in depicting the above picture in a more coherent way:
(Installed capacity in MW)

(D ) ) (4) ®) (©)
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 CO, 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 andits affordability, coalis 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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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

Installed capacity position as on 31.03.2024 (MW):

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
foruse of its coal reserves efficiently and effectively.

() @) €)

(4)

©) (6) ()

210969 32248 243217

198753

441970 55.00% 45.00%
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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
paripassu 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

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 '2 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.
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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.

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




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

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
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