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Urban clusters of small firms in developing countries can generate enormous amounts of pol-

lution. To control it, policymakers have a number of practical, if unconventional, strategies at

their disposal.

Large cities in developing co u ntries typ ical ly host th o usands of microe nte rp rises that en-

gage in pol l u tion - i nte n sive activities such as leather tanning, metal w o rking, ce ram ic s ,

te xtil es, and food pro cessing. Col l ecti v e ly, these fi rms, wh ich are often located in poor,

d e n se ly pop u lated nei gh b o rhoods, can have devastating envi ron me ntal impa cts. Neverthe l ess ,

p ol l u tion control eff o rts in developing co u ntries have gene ral ly focused on big industrial so urces .

Th is bias stems from an enduring mis pe rce p tion that smal l - s cale so urces are re lativ e ly unimpor-

tant and from the difficu lty of applying conv e ntion al re g u lato ry to ols to microe nte rp rises. Many

s mall f i rms are unl ice n sed and unre g u lated and the ref o re difficu lt to identify or san ction. Also,

m icroe nte rp rises are cost ly to mon itor beca use they are so nume ro us. Fi n al ly, such fi rms us u al ly

s ustain the poorest of the poor and may appear to both re g u lato rs and the public as inapp rop riate

targ ets for re g u lation .

Yet rece nt RFF case stu d ies of smal l - s cale brick kilns and leather tanne ries in Mexico demon-

strate not only that cu tting microe nte rp rise po l l u tion yields large be nefits, but al so that the bar-

rie rs to pol l u tion control are far from insurm o u ntable. Pol icy mak e rs have at their dis p osal a num-

ber of cost - effective and pra ctical — if unconv e ntion al — p ol l u tion control strate g ies .

Brick Kilns in Ciudad Juáre z

In Mexico, smal l - s cale tra d ition al brick kilns fi red with cheap high ly pol l u ting fuels like scrap

wood, plastic refuse and used ti res are a noto rio us so urce of urban air pol l u tion. Ci u dad Ju á rez —

a sprawling industrial city on the U.S.-Mexico border with so me of the worst air pol l u tion in North

Ame rica — is home to app roxi mate ly 350 such kilns cl uste red in ei ght brickyard s .

A stu dy of the be nefits and costs of controlling emissions of particu late matter smaller than

10 microns (PM10)—a pol l u tant res p on sible for a large share of the non - carc i n o g e n ic adv e rse

health impa cts from air pol l u tion — cl early demon strates that the Ci u dad Ju á rez ’s brick kilns in-

fl ict si gn ificant harm. Beca use these kilns do not have smoke sta cks, over 90% of their PM10

e m issions are deposited less than a th i rd of a mile away, a critical problem si n ce most kilns are

situ ated in res i d e ntial nei gh b o rhoods. Par t ly as a res u lt, the kilns are res p on sible for over a doze n

cases of pre mature mortal ity and hu n dreds of cases of res p i rato ry il l ness ea ch year (see the Tab l e

on page 3), impa cts that are val u ed at between $20 mil l ion to $150 mil l ion. By contrast, the an-

n u al costs of pol l u t ion control pro g rams that would vi rtu al ly eliminate these impa cts are esti-

mated at less than $300 , 000 .

A lth o u gh brick kilns are wi d e ly reco gn ized to be a leading so urce of air pol l u tion in Ci u da d

Ju á rez and its sister city, El Paso, Te xas, a num ber of fa cto rs make it pol itical ly difficu lt to re-

q u i re brick mak e rs to bear the full costs of pol l u tion control: brick making pro vi d es over 2,000

j obs, most brick mak e rs are impoverished (profits per kiln average $100 per month), and most

be l ong to a trade asso ciation or other local organ ization that can lobby agai n st pol l u tion control

ef f o r ts .
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Des p ite these ob sta cl es, ef f o r ts to control brick kiln emissions had con si d e rable success in

the early 1990s. In 1989, the mu n ici pal env i ron me ntal auth o rity initiated a “cl ean techn ol o gy ”

p roject ai med at substitu ting propane for dirty fuels. The ne x t year, the propane initiative was

han d ed off to the Federación Mexicana de Asociaciones Privadas de Salud y Desarrollo Comuni -

t a r i o ( FEMAP), a private non - p rofit so cial se rvices organ ization. FEMAP was able to attra ct con-

si d e rable funding and partici pants from both si d es of the border including local propane co m pa-

n ies, univ e rsities and Los Alam os Nation al Lab o rato ry.

L ea d e rs of the propane initiative used a num ber of carrots and sticks. Fi rst, they subsi d ized

vario us costs asso ciated with adop ting propane. Mexican propane co m pan ies pro vi d ed most of

the re q u isite equipme nt and training free of charge. To make propane more attra ctive des p ite the

fa ct that it was more expe n sive than tra d ition al fuels, enginee rs at Los Alam os Nation al Lab o ra-

to ries desi gned new ene rgy- efficie nt kilns. Unf o rtu n ate ly these kilns pro v ed proh i b itiv e ly ex-

pe n sive and co m pl icated.

Second, the initiativ e ’s lea d e rs work ed to ratchet up press ures on brick mak e rs to adop t

p ropane. Most important ly, they convi n ced brick maker trade unions in se v e ral brickyards to pro-

h i b it their me m be rs from using dirty fuels. Also the city govern me nt banned the use of particu-

larly dirty fuels and set up a te l e ph one hot l i ne to re g ister co m plai nts about brick mak e rs violati n g

Small is Not Necessarily Beautiful: Coping with Dirty Microenterprises in Developing Countries 3

TABLE 1

A N N UAL HEALTH EFFECTS FROM UNCONTROLLED BRICK KILN PM10 EMISSIONS
(NUMBER OF CASES; MEAN VALUES AND 95% CONFIDENCE INTERVA L S )

Health Endpoint Ciudad Juárez El Paso

L o w M e a n H i g h L o w M e a n H i g h

M o r tal ity 2 . 6 14 . 5 33 . 4 0 . 5 2 . 8 6 . 4

Res p i rato ry hos p ital 0 266 807 0 38 116
a d m issio n s

E me rg e n cy room 0 617 1 , 708 0 89 246
visits

Wo rk loss days 0 3 , 267 9 , 690 90 471 1 , 397

Res p i rato ry 93 , 280 387 , 400 814 , 800 15 , 650 64 , 990 136 , 700
sym p tom days

Restricted activity 3 , 737 142 , 400 395 , 900 539 20 , 530 57 , 070
days

Ast h ma atta cks 159 43 , 500 112 , 300 23 6 , 272 16 , 190

C h il dre n s’ ch ron ic 3 1 , 652 4 , 560 0 179 495
b ron ch itis

C h il dre n s’ ch ron ic co u gh 0 1 , 908 4 , 993 0 207 542

A du lt bron ch itis cases 1 97 264 0 16 44

S o urce: Bl a ck man, Newbold, Shih, and Cook, 2000



the ban. Enf o rce me nt teams with the power to jail and fi ne violato rs we re dis patched in res p on se

to co m plai nts .

Th i rd, FEMAP initiated an education al cam pai gn to raise brick mak e rs’ aware ness of the

health ha zards asso ciated with dirty fuels. Fi n al ly, project lea d e rs tried to reduce co m petitiv e

p ress ures for brick mak e rs to use cheap dirty fuels by organ izing a boycott of bricks fi red with

d i r ty fuels. Ho we v e r, the boycott was quick ly undone by ram pant cheati n g .

By the end of 1993, over half of the Ci u dad Ju á rez brick mak e rs we re using propane. Unf o r-

tu n ate ly, th is success pro v ed sh o rt - l iv ed. In the early 1990s, as part of a nationwide econ o m ic lib-

e ral ization pro g ram, the fed e ral govern me nt was phasing out lon g - standing propane subsi d es. As

p ropane prices conti n u ed to rise in 1994, propane use rs switched ba ck to dirty fuels. By 1995 ,

only a han d ful of brick mak e rs we re still using propane. Ho we v e r, the propane initiative has ha d

so me lasting impa cts: local organ izations and city officials continue to enf o rce a ban on partic-

u larly dirty fuels such as ti res and plastic s .

Leather Tanneries in León

The city of León in north - ce ntral Mexico pro duces about tw o - th i rds of the co u ntry’s leathe r. Of

the 1,200 tanne ries in the city, about half employ fe wer than 20 work e rs. Vi rtu al ly all of León’s

tanne ries dump untreated toxic effl u e nts direct ly into mu n ici pal se we rs whe re they flow untreated

i nto the Turb io Riv e r. The res u lting pol l u tion has contam i n ated ground wate r, destro yed irri gated

a g ricu ltural land, and ca used se rio us health problems. Re g u lations governing water pol l u tion ha v e

been on the books for deca d es, but most are si m ply not enf o rced. By all acco u nts, the main rea-

son is that, as one of the city’s pri n ci pal empl o ye rs, tanne rs have con si d e rable pol itical powe r.

C on ce r ted ef f o r ts to control pol l u tion from tanne ries in León be gan in 1986. Tanne ry re p re-

se ntativ es si gned a c o n v e n i o ( v ol u ntary agree me nt) with re g u lato rs in wh ich they agreed to co m-

ply with written re g u lations within four years. But when it became appare nt in 1990 that the tan-

ne rs had not taken any action, they we re given a second four- year gra ce pe rio d. At the end of th is

second gra ce pe riod, tanne ries still had made no pro g ress, so they we re granted yet an other gra ce

pe rio d. Th is cy cle has conti n u ed until to day.

In addition to the succession of c o n v e n i o s, the re has al so been an attempt to control pol l u tion

by re l o cating the tanne ries. In the early 1990s, the city built the infrastructure for a tanne ry in-

dustrial park with a co mm on waste water treat me nt fa cil ity. Tann e rs we re re q u i red to purchase

land and build new fa cil ities in the park. In con si d e ration, they we re to be pro vi d ed with subsi-

d ized loans and tax cred its. Ho we v e r, tanne rs ulti mate ly refused to foot these costs, and to day the

i n dustrial park stands empty.

P e rhaps the most success ful means of controlling tanne ry emission in León has been the

larg e ly vol u ntary adop tion of cl ean tanning techn ol o g ies, including sed i me ntation tan ks that al-

low particu late matter to settle out of waste streams; low- che m ical tanning reci pes; enzymes that

s u b stit u te for sulfur compounds used to rid hides of hair; recy cling tanning baths; and ch ro me re-

co v e ry. Esti mates of the pe rce ntage of tann e ries using these techn ol o g ies range from 90% for sed-

i me ntation tan ks w h ich are re q u i red by law (th is law appears to be enf o rced), to less 5% for

ch ro me reco v e ry.

In view of the proven pol itical and econ o m ic con stra i nts on re l o cation and conv e ntion al re g-

u lation, cl ean techn ol o g ies curre nt ly re p rese nt the best hope for controlling tanne ry pol l u tion. To
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assess the barrie rs to and ince ntiv es for adop tion of cl ean techn ol o g ies, a team of researche rs fro m

R FF and the Un iv e rsity of Gu an j u ato in Mexico rece nt ly administe red a detail ed survey to ab o u t

170 tanne ries. Pre l i m i n ary an alysis of the survey data suggests that for most techn ol o g ies, f i rm

size is not dete rm i n ative: small tanne ries are just as likely to adopt as large ones. Rathe r, access

to inf o rmation about the techn ol o gy as well as the education of tanne ry man a g e rs appears to be

critical. Many of cl ean techn ol o g ies are si m ply not we l l - known or we l l - u n d e rstood by tanne rs .

S urp risi n gly, key so urces of inf o rmation and assistan ce are private sector entities, including che m-

ical supply co m pan ies, fellow tanne rs, and the tanne ry trade asso ciation s .

An other finding is that adop te rs of ce r tain techn ol o g ies tend to be spatial ly cl uste red sug-

g esting that demon stration effects are important. In the case of one techn ol o gy — sed i me ntation

tan ks — la ws re q u i ring instal lation are c l early driving adop tion. Fi n al ly, even th o u gh most of these

techn ol o g ies lower mate rials costs (and so meti mes labor costs), se v e ral entail si gn ificant set - u p

wh ich act as a si gn ificant barrier to adop tion .

Lessons Learn e d

Political constraints. In both Ci u dad Ju á rez and León, city re g u lato ry auth o rities have been ab l e

to enf o rce re g u lations that impose minimal costs on pol l u te rs—for exam ple in León, they ha v e

co m pe l l ed tanne ries to install sed i me ntation tan ks—but they have not been able to con siste nt ly

e nf o rce more burd e n so me re g u lations. A key reason is that brick mak e rs in Ci u dad Ju á rez and tan-

ne rs in León are nume ro us and we l l - o rgan ized and, as a res u lt, have the power to block enf o rce-

me nt. In gene ral, when dealing with se v e re pol l u tion problems created by microe nte rp rises, pol iti-

cal con si d e rations are likely to be quite important, if not param o u nt. S e v e re pol l u tion prob l e m s

arise when small pol l u te rs are nume ro us, and when pol l u te rs are nume ro us, they are bound to ha v e

p ol itical powe r. Con se q u e nt ly, success ful pol icies will need to acco mm o date pol l u te rs’ con ce rn s

about the costs of pol l u tion control by offe ring subsi d ies and induce me nts .

I n f o rmal re g u l a t i o n . The case stu d ies suggest that so - cal l ed “inf o rmal” re g u lation — p ress ure

g e ne rated by private sector acto rs that have day- to - day contra ct with pol l u te rs — is probab ly the

m ost important ingred ie nt of a success ful microet ne rp rise pol l u tion control pro g ram. In Ci u da d

Ju á rez, brick mak e rs trade unions played a critical role in pro m oting propane by enf o rcing proh i-

b itions on the use of tra d ition al fuels in so me brickyards. Also, citizen co m plai nts fa cil itated en-

f o rce me nt of a mu n ici pal ban on dirty fuels. In León, pol l u tion control ef f o r ts have been stym ied

by the ab se n ce of such private sector press ure .

The re are a num ber of explan ations for the la ck of inf o rmal re g u lation in León. Most house-

h olds in the city depend on the leather industry for their livelihood so it is difficu lt to gene rate

p u b l ic supp o rt for meas ures that raise tanne rs’ pro duction costs. Also, tanne ry emissions are less

n oticeable than th ose of brick kilns, and their health and envi ron me ntal impa cts are less imme-

d iate. Hence, inf o rmal re g u lation would seem to be easier to gene rate when pol l u te rs are not the

mai n stay of the local econ o my and when emissions are easy to detect and have immed iate adv e rse

health impa cts .

Clean technological change. Given the barrie rs to re g u lating microe nte rp rises by conv e ntion al

means, c l ean techn ol o g ical change re p rese nts a particu larly pro m ising pol l u tion control strate gy.

In both cities, techn ical assistan ce spurred cl ean techn ol o gy ado p tion and, in Ci u dad Ju á rez, a

cam pai gn to educate brick mak e rs about the health impa cts of dirty fuels al so appears to have ha d
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so me impa ct. Surp risi n gly, both case stu d ies suggest that private- sector organ izations, such as the

e q u i pme nt suppl ie rs and the trade asso ciations can be the pri n ci pal pur v e y o rs of techn ical inf o r-

mation, an enco uraging pros pect given ch ron ic con strai nts on reso urces available for public sec-

tor initiativ es .

The Ci u dad Ju á rez case stu dy al so demon strates that cl ean techn ol o g ies need not be “wi n -

win” prop ositions, that is, they need not reduce pro duction costs as well as pol l u ting emission s .

The maj o rity of brick mak e rs adop ted propane and conti n u ed to use it for over a year even th o u gh

it si gn ifican t ly increased pro duction costs. Part of the explan ation may have to do with the inte r-

play between co m petition and inf o rmal r e g u lation. The mark et for bricks is high ly co m petitiv e

and, as a res u lt, brick mak e rs that use high - cost c l ean fuels are liable to be undercut by co m peti-

to rs using dirty fuels. Thus, initial ly co m petition in the mark et for bricks dis co ura g ed adop tion .

But on ce diffusion has pro g ressed past a ce r tain stage, co m petition appears to have work ed i n

f a v o r of adop tion beca use th ose who had adop ted have an ince ntive to ensure that their co m peti-

to rs adopt as well. Moreo v e r, adop te rs gene ral ly had so me leverage over co m petito rs who we re

nei gh b o rs and/or fellow union me m be rs. As a res u lt, on ce an initial c a dre of brick mak e rs adop ted ,

nei gh b o rs and fellow union me m be rs quick ly fol l o wed suit. Th is suggests that if a critical mass

of micro e nte rp rises can be convi n ced by hook or cro ok to adopt a cost - i n creasing cl ean techn ol-

o gy, eventu al ly diffusion can beco me se lf - pe rpetu ati n g .

Fi n al ly, the fail ure of eff o rts to success fu l ly diffuse cost ly co m pl icated ene rgy- efficie nt kil n s

in Ci u dad Ju á rez demon strates the we l l - estab l ished pri n ci pal that that in developing co u ntries ,

new techn ol o g ies must be app rop riate, that is both aff o rdable and con sist e nt with existing levels

of techn ol o gy.

The promise of private-sector-led environmental initiatives. The re lativ e ly success ful Ci u da d

Ju á rez expe rie n ce suggests that private- secto r- l ed initiativ es hold con si d e rable pro m ise as a mean s

of addressing microe nte rp rise pol l u tion problems. They would seem to enjoy a num ber of advan-

ta g es over state- run pro g rams. F i rst, the wil l i n gness of the maj o rity of the Ci u dad Ju á rez brick-

mak e rs to co ope rate with the project suggests that private- secto r- l ed initiativ es may be best suited

to engage unl ice n sed f i rms that by their nature are bound to be wary of sustai ned conta ct with

re g u lato ry auth o rities. Second, the public enthusiasm that the propane initiative gene rated sug-

g ests that private- secto r- l ed projects may be able to draw more free ly on public sym pathy for en-

vi ron me ntal ism than top-down burea ucratic initiativ es. And fi n al ly, the projects’ success at con-

se n s us building am ong a div e rse set of stak e h ol d e rs suggests that private- secto r- l ed - i n itiativ es

may be better able to si d estep the pol itics and burea ucra cy that often plague public- secto r- l ed ini-

tiativ es .

By contrast, the León eff o r ts to estab l ish c o n v e n i o s have been rife with such problems. The

q u al ified success of the propane initiative howe v e r, does not imply that smal l - s cale pol l u tion prob-

lems are best left to private sector organ ize rs. In all likelihood, the propane initiative would not

have had as much success without unus u al ly strong public sector supp o r t.

B o y c o t t s . In Ci u dad Ju á rez, the attempt to organ ize a boycott of the brick mak e rs still usi n g

d i r ty fuels was an utter fail ure. Buye rs si m ply cont i n u ed to buy bricks from wh oever was se l l i n g

at the best price. Th is expe rie n ce suggests that in most cases, contravening mark et forces — es pe-

cial ly in inf o rmal or light ly re g u lated mark ets — si m ply does not work. Mon ito ring is too difficu lt

and cheating is too easy.
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