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Table I. Main estimations of industrial water demand.

Authors Area Method Price elasticity

Grebenstein and Field (1979) USA Translog −0.80/−0.33

Babin, Willis, and Allen (1982) USA Translog −0.66/+0.14

Ziegler and Bell (1984) Arkansas, USA Cobb-Douglas −0.08

Williams and Suh (1986) USA Log/Log −0.97/−0.44

Renzetti (1988) British Columbia, Canada Cobb-Douglas −0.54/−0.12

Schneider and Whitlatch (1991) Columbus, USA Log/Log −1.16

Renzetti (1992a) Canada Translog −0.59∗/−0.15∗
Dupont and Renzetti (2001) Canada Translog −0.77∗

∗Intake water.

are estimated as a system of simultaneous equations. We include in this framework
water effluents emitted by firms that are considered here as a by-product of the
production process. We then present the empirical application. The model is esti-
mated on a sample of industrial plants in the Gironde district observed from 1994
to 1996 using Seemingly Unrelated Regression (SUR) and Feasible Generalized
Least Squares (FGLS).

2. Review of the Literature

While there exists an impressive amount of economic literature on residential
water demand, only a few works focus on industrial water demand. In France, for
example, no industrial water demand estimation has yet been published. The main
reason is probably that appropriate data required for estimating industrial demands
are difficult to collect. Another reason is that industrial firms use water for different
purposes and in different intensities. Some have the flexibility to vary techniques in
usage (recycle used water, for instance) and some do not. Therefore it is difficult to
estimate an industrial water demand function representing the aggregate industry.
Nevertheless, some researchers have proceeded in such estimates with a greater or
lesser success.

Grebenstein and Field (1979) have studies the water demands of the manufac-
turing industry in the U.S. They estimate a cost function using a translog functional
form on aggregate data at state level for the year 1973. Water is viewed as a
standard input in their model. Two water prices are successively examined: the
first one is built on the average price computed by the American Water Work
Association, and the second one is obtained by dividing total expenses for water by
the volume bought. The cost share associated with water varies from 1.2% to 1.9%,
according to the price considered. Price elasticity is between −0.33 and −0.80.
Grebenstein and Field (1979) also show that water and labor are input substitutes
whereas capital and water are complements. Babin, Willis, and Allen (1982) esti-
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ond, rapid population and industrial growth
have generated water scarcities in some
urban areas, especially due to water quality
deterioration. In a context where one ex-
pects the introduction of more stringent
environmental norms and new policy in-
struments, it seems important to assess the
impact of environmental policies on water
users. Last, our application to Brazil repre-
sents the first econometric analysis of in-
dustrial water demand in a Latin Ameri-
can country.

Estimating industrial water demand re-
quires the ability to fully identify the cost
structure of firms as water can be viewed
as an input of the production process. As
effluent control decisions cannot be con-
sidered a priori separable from production
decisions, effluents must also enter the
production function. However, a pervasive
problem faced by developing countries is
that, due to the lack of pollution monitoring
systems, plant-level effluents are not sys-
tematically measured. We will show how
an index measuring effluent discharge can
be constructed in order to circumvent this
problem. We are especially interested in
answering the three following questions.
First, how does water enter the production
function and what are the complementary
or substitutability relationships between
the different inputs? Second, what can be
said about the price elasticity of industrial
water demand in Brazil? Third, what are
the effects of environmental policy instru-
ments (water charge or environmental
norm) on firms’ costs and input choices?

The remainder of the paper is organized
as follows. In Section 2, we review the main
findings of the applied literature dealing with
industrial water demand. Section 3 presents
the economic and econometric modeling to-
gether with the empirical application. Last,
Section 4 addresses more carefully the way
water enters the production process and ana-
lyzes the consequences of public authority
intervention on firms production decision
choices and on costs.

II. INDUSTRIAL WATER DEMAND:
A BRIEF SURVEY

Most of the published studies have fo-
cused on two related issues: the price elas-

ticity of industrial demand and the substi-
tutability/complementarity relationships be-
tween water and the conventional inputs.
Grebenstein and Field (1979) and Babin,
Willis, and Allen (1982) study water de-
mand of the manufacturing industry in the
United States. Both works estimate a trans-
log cost function using aggregate data.
Grebenstein and Field (1979) compute price
elasticity values ranging from –0.33 to –0.80,
depending on the water price specification
adopted. The authors show that water and
labor are input substitutes whereas capital
and water are complements. Babin, Willis,
and Allen (1982) find that price elasticity
varies considerably across sectors, ranging
from 0.14 for the food industry to –0.66 for
the paper and wood industry. Substitution
possibilities between water and other pro-
duction inputs also depend on the industrial
sector. Renzetti (1988) provides a deeper in-
vestigation of the role of water in industrial
plants by breaking down water use into four
components: intake, pre-treatment, recircu-
lation, and discharge. According to the sec-
tor considered, price elasticity varies from
–0.54 to –0.12. The author finds that water
intake and recirculation are substitutes, pro-
viding some evidence that intake water
charges may induce water use efficiency.2
Dupont and Renzetti (2001) extend the pre-
vious analysis by incorporating information
on other production inputs than water. They
show again that water intake is a substitute
to water recirculation, as well as to energy,
labor and capital. Last, Reynaud (2003) in-
vestigates the structure of industrial water
demand in France. Elasticity values are gen-
erally in line with the ones found for US and
Canadian firms, varying from –0.10 to –0.79
across activities.

Due to data availability problems, empiri-
cal evidence on industrial water demand in
developing countries is particularly scarce.
This lackisproblematic,especially inthecon-
text of ongoing water policy reforms and
increasing quality-related water problems
that most developing countries experience.
Moreover, given the significant differences

2 Renzetti (1992) estimates the same model using an
enlarged sample and finds similar results.
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in firms’ production technologies, one could
expect water price elasticities to vary be-
tween developing and industrialized coun-
tries. Wang and Lall (1999) is the first eco-
nometric analysis applied to a developing
country. They use plant-level information
on approximately 1,700 Chinese industrial
plants. In contrast to previous works, based
on a dual cost function estimation, Wang and
Lall (1999) adopt a marginal productivity
approach and find an average price elastic-
ity around –1.0, a higher value than those
reported for developed countries. Onjala
(2001) analyzes industrial water demand in
Kenya. The author estimates a single water
demand equation based on a dynamic ad-
justment model. The estimated price elastici-
ties range from –0.60 to 0.37 with high varia-
tions across sectors. More recently, Kumar
(2004) investigates the water demand of
Indian manufacturing plants by adopting
an input distance function approach. The
author reports an average price elasticity
equal to –1.11.

The main results of these studies are the
following. First, price elasticities are small
but in general higher than domestic ones.
Second, estimates strongly depend upon
the industry considered. Third, water and
labor are mostly substitutes whereas capi-
tal and water are complementary inputs.
Moreover, excepting Reynaud (2003), none
of these papers integrates effluent emissions
when estimating the industrial cost function.
The implicit assumption is that production
and water pollution control decisions are
separable. This seems to be a strong assump-
tion, as Reynaud (2003) tests and rejects this
separability hypothesis. In what follows, by
considering effluent discharge as a joint neg-
ative output of the production process, we
can assess the impact of environmental regu-
lation on firms’ production decisions.

III. COST FUNCTION ESTIMATE
OF BRAZILIAN FIRMS

A Translog Specification of Costs

Assessing how water enters the produc-
tion process of a firm requires to specify
the production technology. We represent

firms’ production technology by the long-
term cost function:

TC(W,Y;Z) � �min
X

�
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Wj Xj s.t. X � V(Y;Z) , W � 0� ,

[1]

where X is the vector (J � 1) of inputs with
an associated price vector W;Y a vector (L �
1) of outputs; and V(Y;Z) the input require-
ment set. The vector Z (Q � 1) corresponds
to technical characteristics of the firm that
may have an impact on its cost structure.
The unknown cost function defined by [1]
is approximated by a translog form:
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where i � 1,…, N represents firms. Indexes
j, j� with j, j� � 1,…, J correspond to inputs,
indexes l, l� with l, l� � 1,…, L to outputs
and q, q� with q, q� � 1,…, Q to technical
characteristics included in vector Z. From
Shepard’s Lemma, cost shares Sji can be
written:

Sji(W,Y) �
�lnTCi

�lnWji

� �j � �
J

j��1

�j j� lnWj i

� �
L

l�1

	j llnYli � �
Q

q�1


jqZqi j � 1,...,J .

[3]

Sji represents the cost share of input j for
firm i. Equation [2] associated to J – 1 cost
shares constitutes the economic model to
be estimated.3

3 As the sum of cost shares is equal to 1, only J-1 cost
shares must be taken into account otherwise the variance-
covariance matrix would be singular.
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Babbin, US Census of manufacturing 
 
Renzetti (1992) Canadian census of Manufacturing 1986.  
 
Assumes demand for water is separable from demand for other inputs. But identifies four 
types of water demand, each with its own price: 
 Intake 
 Treatment of Intake 
 Recirculation 
 Treated/discharge of wastewater 
 
Estimates a system of 4 demand functions for the quantities of each type of water, as a 
function of the costs of each type of water and the level of plant output. Uses translog 
with constant returns to scale. 
 
Considers 8 sectors. 
 
Key finding: intake and recirculation of water are substitutes. 
 
 
Dupont and Renzetti (2001) 
  
Canadian census of Manufacturing, 1981, 1986 and 1991 
 
Considers demand for water intake; water recirculated; capital; labor; energy, and 
materials. 
 
Examines whether water is a variable or a fixed input for firms. Determines that water is 
a variable input. 
 
Finds that intake water is a substitute for most of the other inputs (recirculated water, 
labor, capital and energy). 
 
The substitution relationship between intake and recirculated water is stronger when 
water intake is process-related than when it is related to cooling or to steam production. 
 
Finds that technological change in Canadian manufacturing over this period has been 
biased towards greater reliance on water intake and less reliance on water recirculation. 



Reynaud  (2003) 
 
Examines 56 manufacturing plants in southwest France; annual data fir 1994-1996 (153 
observations) 
 
Firms either use public water supply systems or are self-supplied.  
Firms may or may not treat water prior to use. 
 
Conceptualizes this as three input demands: public supplied water; self-supplied water; 
treated water. 
 
Has data only on labor, not on other non-water inputs 
 
Eight industry groups 
 
Finds: price elasticities are generally small, but higher than residential demand elasticities. 
 
The price elasticities vary greatly by industrial sector. 
 
Water and labor are mostly substitutes 
 
 
Feres and Reynaud (2005) 
 
Brazil 
 
Finds water demand definitely price elastic. 
 
Concludes that pricing is likely to be an effective tool to promote both water conservation 
and reduction in pollution from discharge of industrial wastewater. 
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Table V. Price-elasticities (εjk) and Allen substitution elasticities (Ajk).

Price-elasticities Allen elasticities

Network Autonomous Treated Network Autonomous Treated

Network −0.290 −0.182 0.370 −1.416 −0.213 0.351

(0.097) (0.326) (0.507) (3.426) (0.613) (0.581)

Autonomous 0.250 −0.067 3.812 −0.032

(0.689) (0.299) (14.864) (1.012)

Treated −1.262 −11.758

(0.754) (17.348)

Note: price elasticities are based upon FGLS estimations. Values in parentheses correspond to
standard-deviance of elasticities.

Table VI. Price-elasticities (εjk) by industry.

Industry Obs. εNN εAA εT T εNA εNT εAT

Extractive industry 6 −0.734 0.060 – −0.397 – –

(0.086) (0.082) (0.704)

Metal fabrication 27 −0.241 0.656 −1.651 −0.695 0.944 −0.106

(0.300) (1.157) (0.691) (1.385) (1.583) (0.395)

Chemicals 12 −0.375 −0.063 −2.173 −0.130 0.505 0.210

(0.134) (0.078) (1.624) (0.194) (0.327) (0.275)

Alcohol 84 −0.095 0.155 −0.899 −0.149 0.244 0.050

(0.243) (0.222) (0.656) (0.177) (0.324) (0.280)

Food and beverages 6 −0.304 0.068 −1.474 −0.158 0.462 −0.049

(0.027) (0.197) (0.138) (0.006) (0.033) (0.953)

Paper and wood 9 −0.217 −0.017 – −0.060 – –

(0.343) (0.074) (0.162)

Commercial and services 3 −0.272 −0.046 – 0.077 – –

(0.022) (0.029) (0.016)

Others 6 −0.787 0.135 – −0.200 – –

(0.003) (0.060) (0.039)

Notes:Values in parentheses correspond to standard-deviance of elasticities. The second column
gives the number of observations for each industry.

Food and beverages, Commercial and services and Others. Notice that industries
having high price elasticities are the ones with high water cost shares (Table VII).
In contrast, with the exception of the Paper and wood industry, small price elastici-
ties are associated with industries using small volumes of network water: Metal
fabrication, and Alcohol. Price elasticity of autonomous water demands is positive
in five industries. However, autonomous price elasticity only differs significantly
from zero for Commercial and services. The price elasticity of treated water is








