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““It is  a bs olutely certa in  that we m us t  
a ct  to protect  na ture m uch  m ore  

efficiently than ever before . Tom orrow 
– when  m ankind  will s tep  forwa rd  to a  

tota lly uncerta in  future – will be too 
la te.”





Ab out  Gu ja ra t  

• Gujara t  is  a  s ta te in  Wes tern  India
• Capita l city - Gandhinagar 
• Larges t  city - Ahm edabad
• Encom pas s es  s om e s ites  of the ancient  Indus  

Valley Civiliza t ion, s uch as  Lothal and Dholavira
• The only hom e of As ia t ic lions
• Mahatm a Gandhi and Sardar Patel a re Gujara t is



Ab out  Gu ja ra t  

Export s
Fixed  Ca p. Inves t

Va lu e of Ou tpu t
Net  Mfg. Va lu e

Indu s t ria l Un it s
Geogra phica l Area

Popu la t ion

22%

17%

16%

12%

10 %

6%

5%

Gu ja ra t ’s  Sha re in  Ind ia



Ab out  Gu ja ra t  

Gu ja ra t ’s  Con t ribu t ion  to Ind ia

35%
51%

62% 65%
8 0 % 8 0 %



Ab out  Gu ja ra t  

• Third la rges t  denim  producer in  the world

• World's  la rges t  s hip breaking yard - Alang

• World's  la rges t  gras s  roots  refinery - Reliance Petroleum , 
Jam nagar 

• Achieved the dis t inct ion of being one of the m os t  
indus tria lly developed s ta tes  



Ab out  Gu ja ra t  Pollu t ion Control Boa rd

 Gujara t  Pollu t ion Control Board - cons t itu ted on 
15th  October, 1974 as  per the Water Act , 1974

 GPCB - continued its  efforts  towards  
environm ent by bet ter pollu t ion control &  
im proved m anagem ent

 Severa l crit ica l is s ues  in  the field of 
environm ent are being tackled by the Board 
through its  Head Office and 27 Regional Offices



Ab out  Gu ja ra t  Pollu t ion Control Boa rd

Mis s ion  Sta tem en t
Gujara t Pollu t ion Control Board (GPCB) aim s at
developing all round capabilit ies to protect the
environm ent by preventing and controlling
pollu t ion by effective law enforcem ent and by
adopting bes t environm enta l m anagem ent
pract ices to keep the Sta te on cours e of
s us ta inable developm ent



Ab out  Gu ja ra t  Pollu t ion Control Boa rd

 Over the years  the Board 's  m andate has  grown 
s evera l folds , neces s ita t ing ever increas ing 
dem and for s kill to handle com plex laws  &  to 
cope with  the challenging tas ks  of s tringent  
s tandards  of perform ance expected of it

 Aim s  a t  being not  only a  regula tor but  a  
facilita tor for developm ents  with  paradigm  
changes  of a  long-term  nature through 
Environm ent Clin ic and Help Des k



Ge ne sis  of An Innova t ive  Tool

Due to the landm ark judgm ent of Hon’ble High Court  of 
Gujara t  in  SCA 770/ 95
• Need was  felt  for s t rengthening of the environm enta l 

m onitoring and environm enta l infras tructure
• Difficult ies  in  regular m onitoring of thous ands  of  

indus tries  s ca t tered over the ent ire s ta te due to s hortage 
of m an-power and infras tructure



Environm e nt  
Aud it  Sche m e
Environm ent Audit  Schem e - m odifica t ion of Rule 14 
of the Environm ent (Protect ion) Rules  1986



In t rod uc t ion to  Aud it  Sche m e

Two s chem es  opera t ional in  Gujara t  :
 Environm ent Audit  Schem e :

An outcom e of the judgm ent  of Hon. High Court  of Gujara t
 Third Party Monitoring Schem e in  identified 

indus tria l clus ters :
An ins trum ent  us ed by the GPCB &  Governm ent  of Gujara t  
to ident ify the default ing indus tries  and broader is s ues  of 
the ident ified clus ters  – for bet ter regula t ion and 
m anagem ent



Princ ip le s  of Aud it  Sche m e

 Principle of “Pollu ter Pays ” incorpora ted
 Schem e is  bas ed on the principle of “Continual 

Im provem ent”
 It  is  an  extens ion of Environm enta l Sta tem ent  

Subm is s ion under Rule 14 of Environm ent (Protect ion) 
Rules  – Environm ent Sta tem ent



Environm e nt  Aud it  Sche m e

Introduced in  Decem ber 1996 with  a  view to :
• enforcing dis cipline am ongs t  indus tries ;
• arm ing GPCB as  well as  the as s ocia t ions  of indus tries  with   

required data ; &
• doing regular m onitoring of various  indus tries  from  

different  angle
Qua lified  t echn ica l profes s iona ls  wou ld  becom e a  link 
between  the ind ividua l indus t ries  on  one ha nd  a nd  GPCB 
a s  well a s  a s s ocia t ions  of indus t ries  on  the other ha nd  
with  vit a l elem en t  of a ccoun ta b ility



Sa lie nt  Fe a tu re s  of Aud it  Sche m e

 Clas s ifies  indus tries  in to Schedule I &  II according to their 
pollu t ion potent ia l - Indus tries  with  m ore pollu t ion 
potent ia l  clas s ified in  s chedule I

 Indus tries  audited by auditors  recognized by Board as  per 
the qualifica t ions  and experience pres cribed



Sa lie nt  Fe a tu re s  of Aud it  Sche m e

 Schem e applies  to a ll indus tries  m anufacturing and/ or 
proces s ing any one or m ore of the products  m entioned in  
the Schedule- I or Schedule-II

 Schedule-I indus try s hall carry out  EA through Schedule-I 
Auditors  and Schedule-II indus try s hall carry out  EA 
through Schedule-II Auditors  recognized by the GPCB



Sa lie nt  Fe a tu re s  of Aud it  Sche m e

 Schedule-I auditors  are credible ins t itu tes  with  h igh 
technica l capabilit ies  like Academ ic &  R& D Ins t itu tes  

 Schedule-II auditors  are agencies  /  cons ultants  having 
technica l capabilit ies

 Both Schedule-I and Schedule-II auditors  are recognized –
cons t itu ted a  com m ittee – officers  from  Board, 
Governm ent  and experts  /  profes s ionals

 Report ing form ats  are s tandardized &  defined - uniform ity



Sa lie nt  Fe a tu re s  of Aud it  Sche m e

 In  addit ion to adequate labora tory facilit ies , the Auditors  
m us t  have a t leas t 4 technica l team  m em bers  

 Each team  of auditors  s hall com pris e of :
• a  pers on having a  degree in  Environm enta l Engg. or a  degree in  

Civil Engg. with  s pecia liza t ion in  Environm ent
• a  pers on having a  degree in  Chem ical Engg./ Technology
• a  pers on having a  degree in  Chem is try or Environm enta l Science 
• a  pers on having a  degree in  Micro Biology/ Bio-Chem is try

 Provis ions  of levy of s crut iny fee



Aud it  Sche m e  - Ad va nta g e s

• Increas ed m onitoring - com plim entary to exis t ing 
regula tory m echanis m

• Overall as s es s m ent  of environm enta l perform ance by an 
indus try

• Better com pliance - adequacy of the EMS as certa ined
• Elem ent  of voluntary com pliance - encourages  indus try to 

th ink beyond the com pliance



Aud it  Sche m e  - Ad va nta g e s

• Recom m endations  given by the Auditors  lead to Good /  
Green pract ices

• EA Reports  provide im portant  technica l inputs  to Board  
• Environm ent Auditors  are held res pons ible for the fa ls e /  

m is leading report ing – blacklis t ing



Aud it  Sche m e  - Lim ita t ions  a nd  Cha lle ng e s

• Repetit ive in  na ture - s tereo type report ing in  a  long run
• Auditors  are appointed by indus tries
• Com petit ion  am ongs t  the auditors  res ults  in to reduced 

audit ing fees  – poor quality
• Auditors  m onitor the indus tries  for grab s am ples



Aud it  Sche m e  - Lim ita t ions  a nd  Cha lle ng e s

• Auditors  rely upon the data  s upplied by the indus tries
• Does  not  apply uniform ly in  ent ire country – m os t  of the 

indus tries  feel tha t  its  burden
• Need for further s trengthening and R& D to m ake it  m ore 

effect ive



Ra nd om ise d  Control Tria ls  (RCT)

Due to the experiences  and lim ita t ions  of the 
s chem e, GPCB s ought  out  res earchers  to help 
reform  the Audit  Schem e in  2009

The goal of reform  was  to im prove the accuracy of 
audit  reports  and, u lt im ately, com pliance with  
environm enta l regula t ion



Ra nd om ise d  Control Tria ls  (RCT)

GPCB &  Res earchers  join t ly des igned &  evaluated a  
reform  in  which :
 Auditors  were random ly as s igned to indus tria l 

plants
 Paid from  a  com m on pool
 Monitored for accuracy
 Given incentive for accura te reports



Ra nd om ise d  Control Tria ls  (RCT)

Com pa ris on  Group:
Sta tu s  Quo Audit  Sys tem

Trea tm en t  Group:
New Audit  Sys tem

Auditor 
Select ion

Pla n t s  s elected  a nd  pa id  their own  
a ud itors

Auditors  were ra ndom ly a s s igned  to 
the p la n t s  tha t  they wou ld  m on itor

Auditor Fees Pla n t s  pa id  a ud itors  d irect ly a nd  
negot ia ted  the price of the a ud it

Auditors  were pa id  a  fixed  fee per 
a ud it  from  a  com m on  pool

Mon itoring Auditors ’ report s  were not  verified  for 
a ccu ra cy

Twen ty percen t  of a ud it  report s  were 
ra ndom ly “ba ckchecked”

Accu ra cy 
Incen t ives None Auditors  were a ls o given  incen t ive for 

a ccu ra te report s



RCT - Find ing s

 When auditors  were h ired and paid by the firm s  they were 
audit ing, as  in  the s ta tus  quo audit  s ys tem , fa ls e report ing 
and pollu t ion were h igh

 The new audit  s ys tem  led auditors  to report  pollu t ion m ore 
t ru thfully and s ubs tant ia lly lowered the num ber of plants  
tha t  were fa ls ely reported as  com pliant  with  pollu t ion 
s tandards

 Indus tria l plants  reduced pollu t ion in  res pons e to m ore 
accura te audits



Conve rt ing  Re se a rch in to  Policy

Policy Recom m endations  :
1. Random ly as s ign auditors  to the firm s , ins tead of let t ing 

firm s  choos e their auditor
2. No negotia t ion between auditors  and firm s  on their fees

• Pay auditors  from  centra l pool, or
• Have fixed fees  bas ed on the work needed &  s oftware 

decides  paym ent
3. In troduce random  backchecks to audit ing s ys tem



Futu re  Im p le m e nta t ion of Aud it  Sche m e

 Auditors  Cert ifica te va lid  for exem pt ion  from  
rou t ine vis it s  for Ora nge Ca tegory Indus t ries  
(EODB)

 Auditors  can be extended arm s  of GPCB for 
com pliance m onitoring

 Audit  Reports  can s upplem ent  in  decis ion 
m aking proces s  for cons ents

 Audit  Reports  can be us ed for backchecks  









Pollu t ion – Pa rt icu la te  Ma t te r (PM) Prob le m  in  Ind ia

 Air pollu t ion in  India  is  quite a  s erious  is s ue 
 Major s ources  - fuel wood and biom as s  burning, 

fuel adultera t ion, vehicle em is s ion and traffic 
conges t ion

 Res pirable part icula te m atter pollu t ion - a  key 
challenge for India

 Indian cit ies  exceed acceptable levels  of 
Sus pended Part icula te Matter (PM)



Pollu t ion – Pa rt icu la te  Ma t te r (PM) Prob le m  in  Ind ia



Mit ig a t ing  Air Pollu t ion

Tools  /  Ways  for Mit iga t ing Air Pollu t ion 
 Controlling the s ource of pollu t ion - reduce, 

elim inate, or prevent  pollu t ion a t  its  s ource
 Change in  Fuel, Proces s , Control Equipm ent

 Meas urem ent  of Air Pollu t ion es s ent ia l to know 
the effect ivenes s  of control s t ra tegies  adopted
 Source Monitoring, Am bient  Monitoring



PM - Ma nua l Sa m p ling  a nd  Da ta  Colle c t ion

 PM a key pollu tant  due to us e of s olid fuel
 Meas urem ent  of PM s ignificant  for 

quantifica t ion
 Exis t ing m ethod – m anual a ir s am pling
 Manual s am pling is  Is okinet ic Sam pling i.e. 

Undis turbed Flow. 
 Purpos e to capture part icles  tha t  pas s  through a  

defined area  for a  defined t im e without  
dis turbing their pa ths .



PM - Ma nua l Sa m p ling  a nd  Da ta  Colle c t ion

Is okinet ic Sam pling
 Part icula te em is s ions  from  

s ource are s am pled is okinet ica lly
us ing a  recognis ed in ternat ional 
s tandard

 The collected s am ple is  analys ed to 
determ ine the pollu tant  concentra t ion



PM - Ma nua l Sa m p ling  a nd  Da ta  Colle c t ion



PM - Ma nua l Sa m p ling  a nd  Da ta  Colle c t ion



PM - Ma nua l Sa m p ling  a nd  Da ta  Colle c t ion

Errors  tha t  could influence accuracy
 Mois ture
 Gas  Com pos it ion
 Nozzle, Probe direct ion
 Leakages  in  the equipm ent
 Tes t  equipm ent  ca libra t ion
 Uns table Proces s  Condit ions



PM - Ma nua l Sa m p ling  a nd  Da ta  Colle c t ion

Manual s am pling 
• Gives  ins tantaneous  pollu tant  concentra t ion
• Not us eful for com puting tota l pollu tant  releas ed
• Due to hum an in tervention chances  of error
• Lengthy and cum bers om e procedure



CEMS
Continuous  Em is s ions  Monitoring Sys tem



In t rod uc t ion to  CEMS

 To overcom e lim ita t ions  of Manual Sam pling, 
Continuous  Em is s ions  Monitoring Sys tem  
(CEMS) developed.

 Sam pling principles  are s im ilar to m anual 
s am pling as  well as  different  depending on 
pollu tant



Ma nu a l Sta ck Sa m pling
 Bas ed on direct  gravim etric 

m ethod
 Infrequent  in terva ls : no 

inform ation  on part icula te 
em is s ions  in  the in terva ls  
between m onitoring

 Regula t ion  pos s ible on  
concentra t ion  s tandards  only

In t rod uc t ion to  CEMS

CEMS
 Bas ed on indirect  m ethod
 Continuous ly obta ined da ta  

in  rea l t im e.
 Enables  the us e of load 

s tandards  as  the bas is  for 
regula t ing s ta t ionary s ource 
em is s ions .

 Manual s tack m onitoring 
s t ill required for ca libra t ion  
and cert ifica t ion  



In t rod uc t ion to  CEMS

Technologies  us ed in  CEMS for PM
 Tribo Monitoring Probes  (DC /  AC)
 Electrodynam ic Method
 Light  Scat tering (Forward /  Backward)
 Opacity Monitor
 Extract ive Technology



In t rod uc t ion to  CEMS

Advantages  of CEMS over Manual Sam pling
 Real Tim e Inform ation
 Rem ote Acces s ibility to Opera tor /  Regula tor
 Reduction in  long term  regula tory cos t
 Trans parency and Opennes s
 Load Standards  Im plem enta t ion
 Applicability of Market  Bas ed Mechanis m s
 Better com pliance through s elf regula t ion
 Continuous  efficiency check of EMS



In t rod uc t ion to  CEMS



In t rod uc t ion to  CEMS



In t rod uc t ion to  CEMS



In t rod uc t ion to  CEMS

Im portance of Calibra t ion
 All of technologies  (except  extract ive m ethod) 

are bas ed on indirect  m eas urem ent  principles  
 All require ca libra t ion to s m oke s tack condit ions  

before us e
 Calibra t ion of CEMS - a  centra l part  of a ll 

perform ance s pecifica t ions
 Calibra t ion involves  a  com paris on of the CEMS 

to s tandard gravim etric s am pling techniques



In t rod uc t ion to  Sura t

 Surat  - port  city on the banks  of the Tapi River
 Second larges t  city in  Gujara t  a fter Ahm edabad



In t rod uc t ion to  Sura t

Sura t’s  contribut ion towards  the Nation

Rou gh Dia m ond Cu t t ing Polis h in g

Dia m on d Export s

Ma n  Ma de Fa bric Produ ct ion

Ma n  Ma de Fibre Produ ct ion

Ma d Ma de Fibre Export

Tota l Fa bric Produ ct ion

99%

90 %

40 %

28 %

18 %

12%



In t rod uc t ion to  Sura t

Overview of the Sura t  text ile indus try
 Main act ivit ies  - yarn  production, weaving, 

proces s ing as  well as  em broidery
 Nearly 30 m illion  m etres  of raw fabric &  25 m illion  

m etres  of proces s ed fabric are produced per day
 Clus ters  like Katar Gam , Magdalla , Sachin , Pals ana , 

Udhana etc.  Where m anufacturing units  are m ainly 
concentra ted



In t rod uc t ion to  Sura t



In t rod uc t ion to  Sura t

Overview of the Sura t  text ile indus try
 All text ile m anufacturing units  have boilers  for 

s team  us ed in  m anufacturing proces s
 Thes e boilers  m ainly us e s olid fuel - coal and lignite 

as  fuel in  th is  boilers
 While few us e natura l gas  as  fuel
 This  contributes  towards  the a ir pollu t ion in  the city





Se le c t ion of Sura t  for CEMS im p le m e nta t ion

 More than 450 indus tries  in  the area
 All indus tries  a lm os t  s im ilar i.e. Textile 

proces s ing
 Have boilers  us ing s olid fuel
 Indus tria l units  s howed readines s
 Mos t units  in  s m all and m edium  s cale s o 

s ucces s  could be replica ted a t  other locat ions  



CEMS im p le m e nta t ion in  Gu ja ra t

 CEMS im plem enta t ion done as  a  part  of 
Em is s ions  Trading Schem e for PM - Pilot  Project

 CEMS roll out  done in  phas e wis e m anner
 Select ion of indus tria l units  done in  a  way to 

have gradual t rans it ion  



CEMS im p le m e nta t ion in  Gu ja ra t

 350 Indus tries  s elected for part icipa t ion in  ETS
 The s am ple batch  of 350 indus tries  s plit  in to 

“batches ”
 1 pilot  ba tch
 3 larger ba tches

Pha s e 1 
20  Indus t ries

Pha s e 2  
110  Indus t ries

Pha s e 3  
110  Indus t ries

Pha s e 4 
110  Indus t ries

Com pleted To be s ta rt ed  s oon



CEMS im p le m e nta t ion in  Gu ja ra t

Key Steps  for Roll Out  in  every phas e
• Indus tries  divided into Batches
• Final Lis t  with  Indus try Nam es  and ID1 Batch  Divis ion

• Each Indus try inform ed to ins ta ll CEMS
• Guidelines  is s ued concurrent ly2 Com m unica t ion

• Works hop to expla in  CEMS ins ta lla t ion and opera t ion3 Works hops

• Ins ta lla t ion of CEMS by indus tries  through vendors
• Form s  s ubm it ted to GPCB for regis tra t ion4 Ins ta lla t ion

• Lab carries  out  Is okinet ic Sam pling
• GPCB does  perform ance tes t  to cert ify CEMS device5 Sam pling and Cert ifica t ion



CEMS im p le m e nta t ion in  Gu ja ra t

CEMS Im plem enta t ion : The Big Picture
• CEMS rollout  not  only lim ited to ins ta lla t ion of CEMS 

device
• Als o includes  m any ins t itu t ional arrangem ents  

and roles  of s evera l s takeholders  (vendors , labs , 
indus try as s ocia t ion etc.)

• Severa l act ivit ies  m us t  be com pleted before phys ica l 
ins ta lla t ion begins
• Set  foundation for s ucces s ful phys ica l rollout



CEMS - Cha lle ng e s

Is s ues  of CEMS Im plem enta t ion
 Technology s elect ion
 Cert ifica t ion
 Ins ta lla t ion
 Calibra t ion
 Data  Acquis it ion  and Handling Sys tem
 Data  Validat ion



“
“Ea rth  provides  en ough  to s a tis fy 
every m a n 's  needs , but not  every 

m an 's  greed .” 
― Ma hatma Ga ndhi



Tha nks!
Any qu es t ions ?
You can find m e a t  
@chiragcbhim ani
Write to m e a t
chirag@bhim ani.in
Whats app m e a t  
+91 – 99256 05284 &  +91 – 98796 52844
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