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Audience    
 
This document is targeted at researchers, policy makers, tannery communities, 
environmental authorities and all the actors that can be part of the decision making 
scenarios.  
Purpose  
 
The goal of this research is to contribute to the Bogota River integrated management and 
to the sustainability of micro-tanneries.  
 
The research objectives are: 

!  To present the main results of the CP implementation,  
!  To carry out a follow-up of CP implementation 
!  To monitor the implementation of an integrated and optimal solution to the 

environmental, social and economic problems of the tanneries.  
Background   
 
The leather production process has had, for decades, a highly negative environmental 
impact caused by inefficiencies in production operations. The conventional process used 
huge volumes of water, energy and chemical inputs. The resulting solid and liquid wastes 
and effluents were discharged onto the Bogot‡ River without any treatment.  
 
Due to the high negative environmental impact of the tanning activity, a preventive strategy 
for pollution management has been required in the region in order to reduce this impact. 
This strategy cannot be just a final and regular control strategy, better known as an end-of-
pipe alternative. It has to include improvements in the whole process to reduce the 
pollution loads and also the wastewater volume to be treated and related costs. 
 
In addition, it is required a system monitoring structure to monitor the progress of the 
tanneries towards sustainable development. It implies a new way of thinking and analyzing 
current development levels in society.  It is grounded in environmental, economic and 
social considerations, emphasizing topics not considered in traditional development models 
and affecting government policies, consumption patterns and the context of competition in 
production sectors (Van Hoof et al., 2008; Maya, 1996; Maya, 2000). The main purpose of 
the assessment is to support the Villapinz—n and Chocont‡ tanning process stakeholders in 
planning and decision making. 
Potential Impact  
 
The process of CP implementation in some tanneries of Villapinz—n and Chocont‡ has 



shown a high variation in terms of performance, pollution and solid wastes. This kind of 
variation is typical of the tanning process and it has been represented in the deviations 
presented in the diagnosis phase. Some cleaner technologies has been followed up 
achieving significant reduction ranges in the chemicals consumption (sodium sulphide (10 
�± 57%), ammonium sulphate (11%), chromium sulphate (1- 32%)) and in the pollutant 
loads (Unhairing: BOD (33 �± 77%), Sulphides (72 �± 87%); Deliming: TKN (27- 99%); 
Tanning: Chromium (52 �± 94%)). In water consumption the reduction may vary between 
17 and 68% depending on the operation of the process. These reductions imply that a 
percentage of a pollution discharge is avoided with preventive measures implemented in 
the operations through the time. The participation of the community has been decisive in 
all the process. 
 
In the monitoring system, the environmental, social and economic indexes integrated in the 
sustainable development index have shown gradual progress in the sector. The 
environmental conflict of years back has generated an interest in progressing towards the 
development of a stronger sector, one more organized, making their own the process of the 
transformation from the environmental, social and economic spheres. Additionally, the 
gradual increase of this index indicates that the comprehensive efforts towards the 
improvement in all dimensions must be continuously reinforced. 
 
These positive results in a small sample of tanneries should impact the entire community of 
tanners in this region and in the whole country. This kind of improvement process need to 
be implemented in all these industrial communities, overall, the communities of micro 
enterprises that face particular problems and challenges due to their limitations in labor 
quality, technical and financial resources. The active participation of the community during 
the entire process is essential to create sustainable strategies to the environmental and 
social conflicts. 
 
However, in order to implement CP over the long term, all the efforts done will  be really 
useful if there is an appropriate institutional framework to back it, if land and 
environmental issues complement each other and if the CP is included in the environmental 
regulation in a way that motivates compliance with environmental improvement norms.  
 
Recommendations  
 

�x It is important to establish economic incentives for environmental improvements so 
that the change process can be assured and the cleaner production is thus viewed 
by the tanners as a cost-benefit process. 

 
�x With the aim of making the tanning activity a sustainable one, it is necessary to 

grant continuity to the improvements in all dimensions. The work on cleaner 
production and in the prevention of contamination must be continued as well as the 
work in strengthening the social capital, access to spaces of participation, the 
collective participation in the generation of new strategies, the galvanization of the 
market, increasing the quality of the products and accessing new markets. 
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2.  Background  

2.1  Tanning  sector  in  Villapinzón  and  Chocontá,  Colombia    
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2.2  CP  in  the  tanning  industry  
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2.3  System  monitoring  structure  
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3.  Methodology  

3.1  CP  Implementation  
!
H+(-&2!'=6!(6560(,=?!'=6!6&'-(6!-@986@6&'0'-)&!9(),655!,)@9(-56*!J-O6!5'0265!XU-2+(6!#Yh!
!
!
!
!
!
!
!
!
!
!
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!
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!
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Figure  1  CP  implementation  methodology  stages  
!
!
!
!
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!

<Bh!STB!0&*!-@9()O-&2!-&!'=6!9(),655!08'6(&0'-O65$!

NTBh!e05'6Q0'6(!'(60'@6&'!0&*!5)8-*!Q05'65!
@0&026@6&'

U)88)Q!+9!Q6618C!-&!)(*6(!')!*6696&!'=6!055-@-80'-)&!)J!
'=6!(6,)@@6&*0'-)&5

<(-'6(-0!,)@9(-5-&2!G!-55+65!J)(!STB?!#V!-55+65!J)(!9(),655!
08'6(&0'-O65?!G!-55+65!J)(!5)8-*!Q05'65!@0&026@6&'!0&*!3!

-55+65!J)(!Q05'6Q0'6(!'(60'@6&'i$

S(0*C-&2!5C5'6@!!#!X&)&!-@986@6&'6*Y!"!X90('-088CY!Z.!
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,)&'()8!-&!9(),655!0&*!J-&08!9()*+,'?!5)8-*!0&*!8-W+-*!

Q05'65!@0&026@6&'?!26&6(0'-)&!)J!ACZ9()*+,'5?!Q0'6(!
'(60'@6&'!0&*!(6+56?!,)5'5!,)&'()8?!-&'62(0'6*!

@0&026@6&'!5C5'6@5?!@0(16'-&2!0&*!055),-0'-)&!
A+-8*-&2$!!

46&!'(0-&-&2!5655-)&5!')!'Q68O6!'0&&6(-65!Q-'=!0!
5+@@)&-&2!-&O-'0'-)&!')!088!'0&&6(5!-&!'=6!(62-)&$!!

N*+,0'-)&08!@0'6(-08!*65-2&6*!0&*!*68-O6(6*!-&*-O-*+088C$!
.L!O-5-'5!')!)'=6(!*-JJ6(6&'!'0&&6(-65$!D6O6&!5655-)&5!-&5-*6!

-&*+5'(C!J)(!)96(0'-)&08!96(5)&&68

o R,,)(*-&2!')!'=6!(62-)&08!,)&'6K'!!
o RO0-80A-8-'C! )J! (65)+(,65?! 80A)(! J)(,6?! -&J(05'(+,'+(6?!
,)@@-'@6&'!0&*!0,,655!')!'6,=&)8)2C$!
!

o 4Q)!Q)(15=)95!0-@-&2!')!6K980-&!')!'=6!'0&&6(5!60,=!
)9'-)&$!!
o ]0'-)&08!0&*!-&'6(&0'-)&08!5+,,655J+8!,0565$!!

2.  Literature  review  and  participative  selection:  best  available  technologies  
(BAT)  good  operational  practices  (GOP)  

!

%*6&'-JC-&2!-&6JJ-,-6&,-65?!J0-8+(65!0&*!*6O-56!)9'-)&5!J)(!
-@9()O6@6&'5!

%&*-,0')(5! *65-2&6*! -&! '6(@5! )J!96(J)(@0&,6!XQ0'6(!+56!
0&*!,=6@-,08!-&9+'5Y?!9)88+'-)&!0&*!5)8-*!Q05'65!

1. Environmental  and  productive  diagnosis  

3.  Training  

4.  Follow  up  to  BAT  and  GOP  in  the  productive  process  
  

5.  Follow  up  and  qualitative  assessment  



! ! !
!

G!
!

!
COMPONENT   ISSUE  

S))*!)96(0'-)&08!9(0,'-,65 !

B(),655!5'0&*0(*-:0'-)& !
T(*6(!0&*!,860&8-&655!
<=6@-,08!-&9+'5!
N@6(26&,-65!0&*!0,,-*6&'5!
B()'6,'-)&!96(5)&&68!686@6&'5!
U-(5'!0-*!1-'!
F0,=-&6(C!0&*!@0-&'6&0&,6!
<)&'()8!686@6&'5!

B(),655!08'6(&0'-O65!

B(690(0'-)&!)J!51-&5!-&!5690(0'6!0(605!
M6*+,'-)&!-&!'=6!+56!)J!508'6*!=-*65!
D=01-&2!)JJ!0&*!5')(026!)J!508'!
D)01-&2!Q-'=!A-)*62(0*0A86!9()*+,'5!
c0-(!(6,)O6(C!
M6+'-8-:0'-)&!0&*!(6,-(,+80'-)&!)J!Q0'6(!
_+08-'C!,)&'()8!*+(-&2!'=6!9(),655!0&*!-&!J-&08!9()*+,'!
M6*+,'-)&!-&!'=6!+56!)J!0@@)&-+@!508'!!
B-,18-&2!Q-'=!8655!,)&'6&'!)J!508'!
c-2=!6K=0+5'-)&!)J!,=()@-+@!
M6'0&&-&2!Q-'=!026&'5!Q-'=)+'!,=()@-+@!
c-2=!6K=0+5'-)&!)J!*C6!
b56!)J!=-2=!W+08-'C!2(605-&2!026&'5!!
NJJ8+6&'5!562(620'-)&!0J'6(!60,=!)96(0'-)&!
D)8-*!(6'6&'-)&!5C5'6@!0&*!2(6056!'(095!0J'6(!*(+@5!

D)8-*!Q05'65!@0&026@6&'!

D690(0'6!5')(026!
M6*+,'-)&!-&!'=6!5)+(,6!
D690(0'-)&!*+(-&2!'=6!9(),655!
c0-(!,)@9)5'-&2!
U865=-&2!,)@9)5'-&2!
708+0'-)&!)J!5)8-*!Q05'65!
F0(16'-&2!)J!Q05'65!
4(60'@6&'!)(!*-59)5-'-)&!

e05'6Q0'6(!'(60'@6&'!

e0'6(!5 62(620'-)&?!5)8-*!(6'6&'-)&?!56*-@6&'0'-)&!0&*!2(6056!'(095$!
U8),,+80'-)&?!,=()@-+@!9(6,-9-'0'-)&?!5+8J-*6!)K-*0'-)&!0&*!!=)@)26&-:0'-)&!
B6(,)80'-&2!J-8'6(5!
T'=6(!'6,=&)8)2C!J)(!'(60'@6&'!

Table  1  Components  and  issues  of  qualitative  assessment  
!!
.$"!DC5'6@!@)&-')(-&2!5'(+,'+(6 !

3.2.1  Data  collection  
!
%&!)(*6(!')!(62-5'6(!'=6!9(),655!-&!'6(@5!)J!'=6!'6,=&-,08?!5),-08!0&*!6,)&)@-,!,)@9)&6&'5?!5)@6!
J)(@5!Q6(6!*65-2&6*!AC!'=6!'6,=&-,08!'60@!-&!)(*6(!')!6O08+0'6!60,=!,)@9)&6&'!0'!*-JJ6(6&'!9)-&'5!
-&!'-@6$!
!
4=6!J)(@5!(680'6*!')!'=6!6&O-()&@6&'08!*-@6&5-)&!Q6(6!5'(+,'+(6*!0,,)(*-&2!')!'=6!9(),655!5'026!
-&!Q=-,=! '=6!-&J)(@0'-)&!Q05!(62-5'6(6*$!R88!'=656!J)(@5!Q6(6!*65-2&6*!+5-&2!0!,860(!0&*!605C!')!
+&*6(5'0&*! 80&2+026! -&! )(*6(! ')! -@9()O6! '=6! 0*09'0'-)&! )J! '=6!'0&&6(5! 0&*! '=6! )96(0'-)&08!
Q)(16(5!Q-'=!(6596,'!')!(62-5'6(-&2!*0'0!)&!'=6!J-68*$!!
!
4=6!6,)&)@-,!J)(@!9(656&'5!'=6!,)5'!5'(+,'+(6!')!6&0A86!,0((C-&2!)+'!'=6!,)5'ZA6&6J-'!0&08C5-5?!&)'!
d+5'! 0'! 0! 596,-J-,! @)@6&'?! A+'! -&! 0! 96(@0&6&'! J05=-)&?! A62-&&-&2! Q-'=! 0! 5C5'6@! )J! W+08-'C!



! ! !
!

I !
!

@0&026@6&'!0'!60,=!6&'6(9(-56$!%&!0**-'-)&! ')! '=-5!J)(@?!0&)'=6(! )96&!-&'6(O-6Q!Q05!0998-6*! ')!
W+08-JC!')9-,5!)J!-&'6886,'+08!9()96('C?!A+5-&655!-&'688-26&,6!0&*!9()*+,'!W+08-'C$!
!
U)(!-&J)(@0'-)&!20'=6(-&2!(620(*-&2!5),-08!0596,'5?!0&!-&'6(O-6Q!Q05!5'(+,'+(6*! ')!A6!,0((-6*!)+'!
Q-'=!'6,=&-,-0&5!0&*!'=6!)Q&6(5!)J!'=6!'0&&6(-65$!
!

3.2.2  Structure  
!
4=6! 5'(+,'+(6! )J!'=6! @)&-')(-&2!5C5'6@! -5! A056*! )&! '=(66! 596,-J-,! )Ad6,'-O65?!60,=! )&6! )J! '=6@!
J),+5-&2! )&! 0,=-6O-&2! 5+5'0-&0A-8-'C! -&! '=6! '0&&-&2!-&*+5'(-08! 56,')($! 4=6! @)&-')(-&2! 5C5'6@?!-&!
0,,)(*0&,6! Q-'= ! '=6! '=(66! 596,-J-,! )Ad6,'-O65! @6&'-)&6*! 0A)O6! ,)@9(-565!'=(66! -&'6((680'6*!
*-@6&5-)&5!Q=-,=!0(6h!6&O-()&@6&'08?!5),-08!0&*!6,)&)@-,$!4=-5!5'(+,'+(6!-5!9(656&'6*!-&!40A86!"$!
!
H-@6&5-)&! TAd6,'-O6!0&*!)A56(O0'-)&5! <0'62)(-65!
N&O-()&@6&'08! *+!,%-.%'/%!0+((1&2+3!!

P)Q6(-&2! Q05'6! *+@9-&2! O)8+@65!
0&*!-@9()O-&2!9()*+,'-)&!@6'=)*5!-&!
)(*6(!')!(6*+,6!0&*!9(6O6&'!9)88+'-&2!
8)0*5!*+@96*!)&')!'=6!/)2)'>!M-O6(!

o 4%.5+.6'3-%7! @605+(65! Q0'6(! 0&*!
,=6@-,08! ,)&5+@9'-)&! X6556&'-088C!
5+8J-*65! 0&*! ,=()@-+@! 508'5Y! *+(-&2! '=6!
9()*+,'-)&!9(),65565$!
o 4+((1&2+3h! 60,=! )&6! )J! '=6! ,)&'()8!
90(0@6'6(5!-5!@605+(6*!-&!Q05'6!5'(60@5!
)(!-&!'=6!J-&08!*-5,=0(26!08)&2!'=6!'0&&-&2!
9(),655$!
o 8+(2,! 9'/&%/7! '=)56! 26&6(0'6*! AC! '=6!
9()*+,'-)&!9() ,655$!

D),-08! *+! 23-.%'/%! '//+-2'&2+3! :12(,23;!
-'0':2(2&2%/!
F-,()! 0&*! 5@088! 5-:6*! 6&'6(9(-565!
@+5'!055),-0'6!-&!)(*6(! ')!J0,6!+9! ')!
28)A08! ,)@96'-'-)&$! 4=6! 5C5'6@!
6O08+0'65! '=6! A6=0O-)(08! ,=0&265! )J!
'=6! '0&&6(5?! '=6! 5'(+,'+(6! 0&*!
96(J)(@0&,6! )J! '=6!055),-0'-)&5?!0&*!
,))96(0'-)&! &6'Q)(15! -&! '=6! '0&&-&2!
56,')($!
!

8+-2'(! -'02&'(7!J0,')(5! '=0'! *65,(-A6?! 0&*!
0&'-,-90'6!A6=0O-)(08!,=0&265!-&!'6(@5!)J!
'=6!W+08-'C!0&*!0,,655!') !90('-,-90'-)&?!-&!
*6'6(@-&-&2! '=6! 9()2(655?! -J! 0&C?! -&! '=6!
W+08-'C! )J! '=6! (680'-)&5=-9! A6'Q66&!
5'016=)8*6(5! 0&*! J-&088C! (6,)2&-:-&2! -J!
'=6(6! -5! 0! ,)&56&5+5! -&! (680'-)&! ')! '=6!
96(,6-O6*!*6J-&-'-)&!)J!'=6!9()A86@5$!!
<%((:%23;7! R&! 0&08C5-5! ')! 05,6('0-&! '=0'!
0J'6(! -@986@6&'-&2! <B?! J-&0&,-08!
(65)+(,65! 0(6! 5'-88! 0O0-80A86! ')! 055+(6! 0!
9()96(! 8-O-&2! 5'0&*0(*! 0@)&2! '=6!
'0&&6(5$!
=%;'(! >+662&6%3&/7! 4=-5! ,(-'6(-)&!
,)&'0-&5! '=(66! O0(-0A865! '=0'! 088)Q!
6O08+0'-&2! '=6! 86208! 0&*! 6&O-()&@6&'08!
,)@98-0&,6!)J!'=6!'0&&6(-65$!!

N,)&)@-,! *+!23-.%'/%!-+60%&2&2?%3%//!!
R'! 0&! 6,)&)@-,! 86O68?! '=6! 5C5'6@! -5!
)(-6&'6*!')!5=) Q!'=6!6JJ6,'-O6&655!)J!
,=0&265!-&!@0&026(-08!0&*!9()*+,'-)&!
9(),65565! -&! )(*6(! ')! )A'0-&!
9()*+,'-O-'C! 0&*! 9()J-'0A-8-'C!
-@9()O6@6&'5?! Q-'=)+'! *6'6(-)(0'-&2!
'=6! W+08-'C! )J! '=6! &0'+(08! (65)+(,65!
+56*!AC!'=6!'0&&6(-65$!
!

4=6!J)88)Q-&2!0(6!'=6!5686,'6*!,(-'6(-0!J)(!
@605+(-&2!'=6!6,)&)@-,!*-@6&5-)&h!
@-+3+62-! 4%.5+.6'3-%7! -'! 088)Q5! 0!
@605+(6! )J! @0&026(-08! 6JJ6,'-O6&655!
A056*! )&! +&-'! O0(-0A86! ,)5'5! 0&*! ACZ
9()*+,'5k!0**6*!O08+6$!
A33+?'&2+3!'3,!8'&2/5'-&2+37!0!@605+(6!)J!
=)Q! '=6! J-&08! ,)&5+@6(!&66*5!0(6!A6-&2!
J+8J-886*! AC! '=6!�š���v�v���Œ�]���•�[��9()*+,'5! 0&*!
56(O-,65$!

Table  2  System  monitoring  structure  



! ! !
!

#L!
!

3.2.3  System  of  indexes  and  indicators  
!
R*09'-&2!'=6!@6'=)*)8)2C!)J!]0(*)!%&!'("!"LLV!')!'=6!(62-)&08!,)&'6K'!0&*!'=6!0O0-80A-8-'C!)J!*0'0!
'=6!5'0265!9(656&'6*!-&!'=6!A+-8*-&2!)J!'=6!56'!)J!-&*6K65!0&*!-&*-,0')(5!0(6!9(656&'6*!-&!U-2+(6!"$!
4=6!5C5'6@!*6O68)95!-&*6K65!0&*!-&*-,0')(5!A056*!)&!,+((6&'8C!0,,69'6*!@6'=)*)8)2-65!Xl)(26&56&!
%&"'($?!#IIEg!b&-'6*!]0'-)&5?!"LL[g!<NBRP?!"LLIY$!!
!
%&!'=6!@6'=)*)8)2C!J(0@6Q)(1!*6J-&6*!AC!'=6!b&-'6*!]0'-)&5!-&!"LLI!X<NBRP?!"LLIY!0&*!(6596,'!')!
'=6!-&*6K!)J!6&O-()&@6&'08!96(J)(@0&,6!*6O68)96*!AC!m086!b&-O6(5-'C!-&!"LLG!0!'0(26'!Q05!*6J-&6*!
J)(!60,=!-&*-,0')(! ')!@605+(6?!0'!*-JJ6(6&'!@)@6&'5!)J! '=6!9()d6,'!'=6!6JJ)('5!)J! '=6! '0&&6(-65!-&!
'6(@5!)J!6&O-()&@6&'08!9()'6,'-)&!0&*!9(6O6&'-)&!)J!9)88+'-)&!0&*!J-&088C!=)Q!J0(!'=6!'0&&6(-65!0(6!
)J!60,=!'0(26'!*6J-&6*!-&!60,=!*-@6&5-)&$!4=656!-&*-,0')(5!0&*!'0(26'5!Q6(6!*65-2&6*!0&*!O08-*0'6*!
AC! '=6!@6@A6(5!)J! '=6!Q=)86!6W+-9@6&'!)J!%HNR?!'=6!5'016=)8*6(5!-&O)8O6*!0&*!'=6!'0&&6(5$!R88!
'=6! -&J)(@0'-)&! 20'=6(6*! -&! '=6! 9(),655! '=()+2=! '=6! (62-5'(C! J)(@5! X9()*+,'-)&! (62-5'(-65?!
-&'6(O-6Q5!Q-'=!5'016=)8*6(5?!6',$Y!Q05!8-&16*!')!60,=!-&*-,0')($!
!
R88!'=6!*0'0!20'=6(6*!)&!'=6!J-68*!0(6!-&,)(9)(0'6*!-&!'=6!5C5'6@!)J!-&*-,0')(5!-&!)(*6(!')!+&*6('016!
0!,)@9-80'-)&!)J!'=6!*0'0!-&!0!,)@9+'0'-)&08!90,1026?!')!,08,+80'6!-&*6K65?!,0((C!)+'!,)@90(-5)&5!
A6'Q66&!'0&&6(-65?!0&*!@605+(6!,=0&265!-&!60,=!-&*-,0')($!!
!

!
Figure  2  Methodology  of  the  definition  of  the  indicators  and  structure  of  monitoring  

!
%&!J-2+(6!.?!'=6!5'(+,'+(6!)J!'=6!-&*6K65!0&*!-&*-,0')(5!-5!5=)Q&?!Q-'=!'=6!J)(@+80!+56*!')!,08,+80'6!
60,=! O08+6! -&*-,0'-&2! '=6! Q6-2='! 2-O6&! ')! 60,=! -&*6K$!4=6! -&*6K! )J! 5+5'0-&0A86! *6O68)9@6&'!

CONCEPTUAL  FRAMEWORK
D+5'0-&0A86!*6O68)9@6&'

N,)6JJ-,-6&,C

<)&J8-,'!(65)8+'-)&!0&*!,=0&26!'=6)(C

SELECTION  OF  INDICATORS
H6J-&-'-)&?!O08-*0'-)&

H6J-&-'-)&!)J!2)085!-&!60,=!*-@6&5-)&!!nc)Q!J0(!0(6!Q6o

H6J-&-'-)&!)J!0!5,086!

MULTIVARIATE  ANALYSIS
<)@A-&-&2!-&J)(@0'-)&!)J!-&*-,0')(5!-&!-&*6K65

D'016=)8*6(5?!6K96('5?!'6,=&-,08!'60@

DATA  ANALYSIS  -‐ WEIGHTING  AND  AGGREGATION
M6O-6Q!)J!*0'0!20'=6(6*?!-*6&'-JC-&2!-&,)@986'6!*0'0$

H6O68)9@6&'!)J!-&*6K65!)J!J-(5'!0&*!56,)&*!26&6(0'-)&

FOLLOW-‐UP  -‐ COMPILATION
H6J-&-&2!@)@6&'5!)J!0&08C5-5!')!,)@90(6!9()2(655

F)&-')(C!5C5'6@!J)(!'0&&6(-65



! ! !
!

##!
!

@605+(65!'=6!0*O0&,6!)J!<B!9(),655!-&!'6(@5!)J!5+5'0-&0A-8-'C!-&!'=6!'0&&-&2!56,')($!%'!-5!,08,+80'6*!
J()@! '=(66! 5690(0'6! -&*6K65?! 60,=! )&6! (6J86,'-&2! )&6! )J! '=6! *-@6&5-)&5! ,)@9(-56*! AC! '=6!
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Figure  3  Structure  of  the  indicators  and  indexes  system  
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4.  Results    

4.1  Cleaner  production  implementation  

4.1.1  Environmental  and  productive  diagnosis    
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B6(J)(@0&,6!-&*-,0')(5!X12Z@. Yq4Y!X]s#"Yi! RO6(026! DH! F0K! F-&!
D)*-+@!5+89=-*6! I$LV!! .$#.! ! #V$[V! .$E#!
P-@6! V#$[3! ! #[$"L!! [V$EG! ". $3[ !
<=()@-+@!508'! .I$ #G!! #.$"E!!EV$VE! "#$EE!
e0'6(! ! #"$.I! ! E$[I! ! "G$#G! 3$.V!

i4=6!90(6&'=65-5!5=)Q5!'=6!50@986!5-:6!X]Y!
Table  4  Performance  indicators  in  twelve  micro-‐tanneries  

  
e%4c!BcmD%<T<cNF%<RP!4MNR4FN]4!X]s 3Yi!
B)88+'-)&!-&*-,0')(5!X12q')&Y! RO6(026! DH! F0K! F-&!
/TH ! E$LG! #L$.V! "#$V[! L$"" !
<=()@-+@!! L$E3! #$"[ ! "$VV! L$LL!
4j]! ! #$3. ! "$L3! 3$3#! L$LG!
<=8)(-*65! .E$#. ! VG$3E! #".$E3! 3$##!
D+89=-*6!! L$.. ! L$EV! #$.L ! L$LL!
4DD! G$[L ! #[$#L! .3$.3 ! L$L#!
e%4cTb4!BcmD%<T<cNF%<RP!4MNR4FN]4!X]s GYi!
B)88+'-)&!-&*-,0')(5!X12q')&Y! RO6(026! DH! F0K! F-&!
/TH ! 3.$EI! "E$G.! GI$"V! #"$"3!
<=()@-+@!! #$#E! "$#I ! E$V#! L$LL!
4j]! ! 3$"E! .$II ! #L$." ! L$V.!
<=8)(-*65! E"$VV! 3G$.I ! #.3$#L! V$G[!
D+89=-*6!! 3$GG! .$GE! #"$[[ ! L$.I !
4DD! "V$.# ! #G$VG! E3$EL! "$3V!

i4=6!90(6&'=65-5!5=)Q5!'=6!50@986!5-:6!X]Y!
Table  5  Pollution  indicators  in  micro-‐tanneries  with  and  without  physicochemical  treatment  
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b&=0-(-&2!Q05'65! #"I$3E! 3I$G#! #II$.G! 3. $." !
H6J865=-&2!Q05'65! "GI$"E! ##.$.. ! .GV$GL! 3.$I" !
D=0O-&2!Q05'65! #"V$E.! I"$"I ! "I[$ IG! "#$LL!
P60'=6(!'(-@@-&2! "3$#. ! G$GV! .[$ G3! #"$. L!

i4=6!90(6&'=65-5!5=)Q!'=6!50@986!5-:6!X]Y!
Table  6  Solid  wastes  indicators  in  micro-‐tanneries  
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4.1.2  Literature  review  and  selection  of  BAT  and  GOP  
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BAT  

D)01-&2!Q-'=!A-)*62(0*0A86!9()*+,'5!
N,)8)2-,!+&=0-(-&2!Q-'=!=0-(!-@@+&-:0'-)&!!
b&=0-(-&2!A0'=!(6,C,8-&2!!
H68-@-&2!Q-'=!&-'()26&!J(66!9()*+,'5!!
c-2=!,=()@-+@!6K=0+5'-)&!!

GOP  

B(),65565!5'0&*0(*-:0'-)&!
T(*6(!0&*!,860&8-&655!
e0'6(!(6+565!
<=6@-,08!-&9+'5!=0&*8-&2!
N@6(26&,-65!0&*!0,,-*6&'5!
B6(5)&08!9()'6,'-)&!686@6&'5!
U-(5'!0-*!1-'!
F0,=-&6(C!@0-&'6&0&,6!
<)&'()8!686@6&'5!

Table  7  BAT  and  GOP  selected  to  be  implemented  in  micro-‐tanneries  
  

4.1.3  Training  
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4.1.4  Follow  up  to  BAT  and  GOP  in  the  productive  process  
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Figure  4  BOD  in  soaking  operation  
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Figure  5  BOD  in  unhairing  operation         Figure  6  Sulphides  in  unhairing  operation  

  
Figure  7  Sodium  sulphide  consumption  in  unhairing  operation  
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Figure  8  TKN  load  in  deliming  operation  
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Figure  9  Chromium  load  in  tanning  operation   Figure  10  Chromium  sulphate  in  tanning  operation  
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Table  8  Reductions  percentages  in  tanning  process    
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Operation  
(N=3)*  

2004   2008   2009   %  REDUCTION    
Average     SD   Average     SD   Average     SD   2004  -‐  2008   2004-‐2009  
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*N  is  the  sample  size  
Table  9  Water  consumption  average  in  tanning  productive  process  
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Figure  11  Water  consumption  average  in  tanning  production  process  (N  is  the  sample  size)  
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Table  10  Number  of  tanneries  implementing  CP  

4.1.5  Follow  up  and  qualitative  assessment  
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Figure  12  Assessment  in  CP  and  EOP  for  twelve  tanneries  
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4.2  System  monitoring  structure  
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4.2.1  Environmental  dimension  
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H6J865=-&2!Q05'65!A6J)(6!+&=0-(-&2! #LL!Z!#VL! FR7H4?!"LLE!

H6J865=-&2!Q05'65!0J'6(!+&=0-(-&2! #"L!
b]NB?!#II3g!76(=6-d6&!%&!'(")!

#IIEg!/+8d0&!%&!'("?!"LLL!
D=0O-&25!Q05'65! II ! b]NB?!#II3g!/+8d0&!%&!'("?!"LLL!

4(-@@-&25! #L!
b]NB?!#II3g!76(=6-d6&!%&!'(")!

#IIEg!/+8d0&!%&!'("?!"LLL!
Table  11  Targets  defined  in  environmental  dimension  
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%&!40A86!#" ?!'=6!(65+8'5!)J!60,=!,)@9)&6&'!)J!6&O-()&@6&'08!-&*6K!0(6!5=)Q&!J)(!60,=!'0&&6(C$!  
  

INDEXES   Performance   Pollution   Solid  wastes  
Moment   1   2   3   1   2   3   1   2   3  

C1   L?II ! #?LL! #?LL! L?LL! L?GL! L?G[! L?3V! L?.#! L?.#!
C2   #?LL! #?LL! #?LL! L?#G! L?"L! L?L[! L?#3! L?GI! L?#.!
C3   L?I3! L?IL! #?LL! L?LL! L?#G! L?GL! L?"[! L?3V! L?.G!
C4   L?GI! #?LL! #?LL! L?LL! L?.[ ! L?3L! L?.. ! L?3G! L?V.!
C5   #?LL! !ZZZ! #?LL! L?LL! !ZZZ! L?"L! L?"3! ZZZ!! L?"3!
C6   #?LL! L?I3! ZZZ!! L?LL! L?"L! !ZZZ! L?"3! L?E#! !ZZZ!

Average     L?I[ ! L?I[ ! #?LL! L?L.! L?.V! L?3[! L?"G! L?VV! L?."!
SD   L?LV! L?LV! L?LL! L?L[! L?"E! L?.E! L?#L! L?""! L?#V!

Table  12  First  generation  indexes  for  each  tannery  
!

4=6!J-&08!(65+8'!J)(!'=6!-&*6K65!)J!J-(5'!0&*!56,)&*!26&6(0'-)&!-5!5=)Q&!-&!40A86!#. $!
!

Index  
Moments  of  analysis 

1 2 3 

Performance  L?I[ ! L?I[ ! #?LL!
Contamination   L?L.! L?.V! L?3[!
Solid  wastes   L?"G! L?VV! L?."!

ENVIRONMENTAL   L?3.! L?E"! L?EL!
Table  13  Environmental  indexes  (first  and  second  generation)  

4.2.2  Social  dimension  
  
4=6!'0(26'! *6J-&6*! -&! '=-5!*-@6&5-)&! Q05! #$!%&! 40A86! #3! '=6! (65+8'5! J)(! '=6! J-(5'! 0&*! 56,)&*!
26&6(0'-)&!-&*6K65!-&!5),-08!*-@6&5-)&!0(6!5=)Q&$!

INDEX  
Moments  of  analysis  
1   2   3  

Social  capital   L?L3! L?3G! L?[G!

Well  being     L?#[! L?#[! L?.L!

Legal  commitment   L?#.! L?3V! L?EV!

SOCIAL   L?##! L?.[ ! L?V[!
Table  14  Social  indexes  (first  and  second  generation)  

4.2.3  Economic  dimension  
  
4=6!6,)&)@-,! '0(26'!J)(!60,=! -&*-,0')(!085)!Q05!*6J-&6*!05!#!0,,)(*-&2! ')! '=6!*6J-&-'-)&!)J!60,=!
-&*-,0')($! %&! 40A86!#V?! '=6! J-(5'! 0&*! 56,)&*! 26&6(0'-)&! -&*6K65! )J! '=6! 6,)&)@-,! *-@6&5-)&! 0(6!
9(656&'6*$!

! INDEX  
Moments  of  analysis  
1   2   3  

Economic  performance   L?LL! L?L#! L?LE!

Satisfaction   L?IV! L?IV! L?I. !

Innovation   L?LL! L?##! L?#.!

ECONOMIC   L?#3! L?#[! L?"L!
Table  15  Economic  indexes  (first  and  second  generation)  
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4.2.4  Sustainable  Development  Index  (SDI)  
  
%&!U-2+(6!#.?!'=6!(65+8'5!)J!'=6!,)@9-80'-)&!)J!-&*6K65!)J!60,=!*-@6&5-)&Z!6&O-()&@6&'08?!5),-08!0&*!
6,)&)@-, Z!-&!0!5+5'0-&0A86!*6O68)9@6&'!-&*6K!0(6!5=)Q&$!!
!

!
Figure  13  Sustainable  development  indexes  in  different  analysis  moments  

  
5.  Discussion  

5.1  Cleaner  production  implementation  

5.1.1  Environmental  diagnosis    
!
B6(J)(@0&,6h!R,,)(*-&2! ')! '=6!(65+8'5!9(656&'6*!-&!40A86!3?!'=6! ,=6@-,08!-&9+'5! '=0'!9(656&'! '=6!
@0-&!O0(-0'-)&!0(6!8-@6!0&*!,=()@-+@$!P-@6!-5!+56*!-&! '=6!(62-)&!-&!6K,655!5-&,6!5)@6! '0&&6(-65!
+56!-'!J)(!5Q688-&2!'=6!51-&!0&*!')!9()*+,6!0&!6K'(0!0@)+&'!)J!598-'!860'=6(?!0!ACZ9()*+,'!'=0'!-5!5)8*!
)&! 0! Q6-2='! A05-5$! <=()@-+@!9(656&'5! =-2=! *6O-0'-)&5! *+6! ')! '=6! *-JJ6(6&'!(6,-965! -&! '0&&-&2!
)96(0'-)&5!-&!'=6!(62-)&$!%&!0**-'-)&?!5)@6!'0&&6(-65!+56!,=()@-+@!-&!'=6!(6Z'0&&-&2$!
!
4=6!0O6(026!W+0&'-'C!)J!8-@6!J)(!'=6!'Q68O6!'0&&6(-65!XV#$[3!12q')&Y!-5!=-2=6(!'=0&!'=0'!(69)('6*!AC!
b]NB!05!'=6!W+0&'-'C!)J!8-@6!96(!')&!)J!51-&!-&!'=6!'0&&-&2!9(),655!X3V!12q')&Y!Xb]%HT!6&!b]NB?!
#II3Y$!]6O6('=68655?!b]NB!X#II3Y!085)!9(656&'5!0!Q-*6!(0&26!)J!8-@6!,)&5+@9'-)&!A6'Q66&!"L!0&*!
#LL! 12q')&! *+6! ')! '=6! O0(-6'C! )J! (6,-965! J)(! '=6! '0&&-&2! 9(),655! 0()+&*! '=6! Q)(8*$!%&! '6(@5! )J!
,=()@-+@! 508'! ,)&5+@9'-)&?!'=6! 0O6(026! W+0&'-'C! -5! 8)Q6(! '=0&! '=0'! (69)('6*! AC!b]NB! X#LL!
12q')&Y$!b]NB! 085)! @6&'-)&6*! 0! (0&26! )J! VZE\! )J! ,=()@-+@! J)(! 8)Q! ,=()@-+@! 9(),65565$! 4=6!
O08+65!)J! '0&&6(-65!0(6!8)Q6(! '=0&! '=-5! (0&26?!)&8C! '=(66!)J! '=6@!9(656&'!=-2=6(!O08+65! '=0&! '=6!
0O6(026!XEL!12q')&?!V"$V!12q')&!0&*!EV$E!12q')&Y!Xb]NB?!#II3g!%bN!"LLGg!N+()960&!<)@@-55-)&?!
"LLIY$!!
!
%&! '6(@5! )J!Q0'6(?!'=6!%&'6(&0'-)&08!b&-)&!N&O-()&@6&'08!<)@@-55-)&!X%bNY!9(656&'6*! -&! "LLG!0!
(0&26!)J! #"! ') ! .[! @ . q')&! )J! Q0'6(! ,)&5+@9'-)&! J)(! 0! '0&&-&2! 9(),655! +&*6(!2))*! 9(0,'-,65 !

SUSTAINABLE  
DEVELOPMENT

1  -‐ 0,23
2  -‐ 0,38
3  -‐ 0,46

N]7%MT]FN]4RP

#ZL?3.

" ZL?E"

. ZL?EL

DT<%RP

#!ZL?##

"!ZL?.[

.! ZL?V[
N<T]TF%<

#!ZL?#3

"!ZL?#[

.! ZL?"L
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,)&*-'-)&5 $!4=6!0O6(026!O08+6!(69)('6*!J)(!'=6!'0&&6(-65!8-65!-&!'=-5!,)&5+@9'-)&!(0&26$!%&!0**-'-)&!
b]%HT!@6&'-)&5!'=6!,)@@)&!Q0'6(!W+0&'-'C!)J!."!@. q')&!-&*-,0'-&2!Q-*6!(0&265!)J!,)&5+@9'-)&!
A6'Q66&!*-JJ6(6&'!'0&&6(-65!X/+8d0&!%&!'(")!"LLLY$!4=6!@0K-@+@!O08+6!)J!'=6!7-8809-&:)&!'0&&6(-65!-5!
8)Q6(!'=0&!A)'=!(6J6(6&,65$!
!
40&&6(-65!'=0'!(6,C,86!Q0'6(!0&*!@016!*-5,)&'-&+)+5!Q05=-&25!=0O6!'=6!8)Q65'!Q0'6(!,)&5+@9'-)&!
O08+65$!4=656!-&*+5'(-65!56&*!6JJ8+6&'5!'=()+2=!,)0(56!5)8-*!J-8'6(5!0&*!J0'!(6'6&'-)&!'(095$!!
!
H-JJ6(6&,65!0@)&2!'0&&6(-65!0(6!(6J86,'6*!-&!=-2=!O08+65!)J!5'0&*0(*!*6O-0'-)&!0&*!'=6!Q-*6!(0&265!
A6'Q66&!@0K-@+@!0&*!@-&-@+@!O08+65$!4=-5!-5!@0-&8C!*+6!')!'=6!*-JJ6(6&,65!-&!(6,-965?!'C96!0&*!
5-:6! )J! '=6!6W+-9@6&'5?! '=6!90('-,+80(!9()*+,'-O6!9(),655!+56*!0'!60,=!J0,')(C?!0&*! '=6!J-&0&,-08!
5-'+0'-)&!)J!60,=!'0&&6($!
!
4+((1&2+37! 4=656! -&*-,0')(5! 085)! 9(656&'! =-2=! *6O-0'-)&5!A6'Q66&! '=6! (65+8'5! Q-'=! 0&*! Q-'=)+'!
'(60'@6&'!05!5=)Q&!-&!40A86!V$!4=6!@-&-@+@!0&*!@0K-@+@!O08+65!5=)Q!Q-*6!(0&265!)J!9)88+'-)&!
90(0@6'6(5$!4=656! -&*-,0')(5! ,)((659)&*! ')! '=6! 9)88+'0&'! 8)0*! 96(! Q6-2='! )J! 51-&?! -&! Q=-,=! '=6!
W+0&'-'C!)J!*-5,=0(26*!Q0'6(!-5!'016&!-&')!0,,)+&'!-&!'=6!,08,+80'-)&?!0**-&2!0&)'=6(!O0(-0A86!'=0'!
,0&!-&,(6056!'=6!*-596(5-)&$!
!
4=6!=-2=6(!9)88+'0&'5!0(6!)(20&-,!8)0*?!')'08!5+596&*6*!5)8-*5!0&*!,=8)(-*65$!T(20&-,!8)0*!0&*!5)8-*5!
,)@6!J()@!'=6!'C96!)J!(0Q!51-&!+56*?!0&*!,=8)(-*65!0(6!-&,)(9)(0'6*!-&!'=6!Q0'6(!5'(60@!05!508'!-5!
0**6*!*+(-&2!'=6!A60@=)+56!)96(0'-)&5$!F)5'!)J!'=6!)A56(O6*!*-596(5-)&!-&!,=8)(-*6!,)&5+@9'-)&!
-5!*+6!')!'=6!+56!)J!9(6Z508'6*!)(!J(65=!51-&5$!%&!26&6(08?!088!O08+65!5=)Q!0!=-2=!5'0&*0(*!*6O-0'-)&?!
-&!5)@6!,0565!5+(9055-&2!'=6!0O6(026!O08+6$!
!
%&! 59-'6! )J! '=6! *-596(5-)&?! '=6! O08+65! )A'0-&6*! 0(6! Q-'=-&! '=6! 'C9-,08! ,)&'0@-&0'-)&! (0&265! J)(!
'0&&6(-65! +&*6(! 2))*! 9(0,'-,65! ,)&*-'-)&5! (69)('6*! AC! %bN! X%bN?! "LLGg! N+()960&! <)@@-55-)&?!
"LLIY$!!4=)56!(0&265!0(6!Q-*6!X/THh!3GZGE!12q')&g!<(h!.Z[!12q')&g!4j]h!#LZ#[!12q')&g!<8Zh!#3VZ""L!
12q')&g!DZ"h!"ZI!12q')&g!4DDh!GVZ#VV!12q')&Y!(6J86,'-&2!'=6!O0(-0A-8-'C!-&!(0Q!@0'6(-08!0&*!9(),65565!
X%bN?!"LLGY$!
!
R@)&2!'=6!'0&&6(-65!Q-'=!0&!6&*!)J!9-96!'(60'@6&'?!)&6!)J!'=6@!9(656&'5!O6(C!=-2=!,)&'0@-&0'-)&!
O08+65$!4=-5! -5! *+6! ')! '=6!J0,'! '=0'! -&! '=6!C60(! "LLG?!C60(! -&!Q=-,=! '=6!50@9865!Q6(6! '016&?! '=6!
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!
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!
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5.1.2  Review  of  the  literature  and  selection  of  BAT  and  GOP.    
!
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5.1.3  Follow  up  to  BAT  in  the  productive  process  
!
%'!-5!-@9)('0&'!')!=-2=8-2='!'=0'!*+6!')!'=6!596,-J-,!,=0(0,'6(-5'-,5!)J!'=6!@-,()Z'0&&6(-65!-&!'=6!0(60!
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5.1.4  Follow-‐up  and  qualitative  assessment  
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5.2  System  monitoring  structure  

5.2.1  Environmental  dimension  
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