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Distributional implications of power sector reforms
in the Philippines

Wondielyn Q. Manalo-Macua*

This paper seeks to assess the distributional implications of
the power sector reforms in the Philippines to residential
consumers of electricity. First, we estimate the demand for
electricity, taking into consideration the difficulties that arise
from black pricing of electricity. Second, we simulate the impact
of power reforms in terms of increasing the prices of electricity,
assuming a linear budget set, and using the elasticities from the
demand equation. This exercise draws heavily from the duality
in consumer theory, which allows us to recover the utility
function of individuals and to assess welfare in terms of
compensating variation. This paper concludes that an increase
in price of electricity will resultin higher welfare loss as income
increases. However, welfare loss of the poorest is highest among
the lower-income groups.
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1. Introduction

Power sector restructuring has been the centerpiece of the Philippine
reform policy in the past five years. Following the successful privatization of
the country’s telecommunications and water industries, and the power sector’s
vast experience with various privatization schemes—e.g., the build-operate-
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transfer (BOT) scheme—the major restructuring in the sector started in 2001
with the passing of the Electric Power Industry Act of 2001 (EPIRA).

EPIRA started the gut-wrenching reforms in the sector as it dismantled
the decades-old monopoly—the National Power Corporation (Napocor)—to
seek greater private sector participation in the industry, first, by spinning it off
into two separate businesses: generation and transmission. The former is under
the operational control of Napocor until its complete sale and privatization,
while the latter is under the management of the newly created National
Transmission Corporation (TransCo), which will be offered to interested private
investors under a franchise/concession contract.

The reforms are being implemented in the midst of the country’s
macroeconomic problems such as rising fiscal deficits and ballooning debt
burden. This essentially means that the government is in a very tight position
to provide continuing subsidies and support to Napocor. The government
has to do this in the presence of the steadily declining net income of Napocor
at the same time that the latter’s debt stock is increasing. Napocor cannot rely
on its internally generated revenues to maintain and upgrade electricity
infrastructure and continue providing services to its customers. It cannot raise
its tariff to levels that make it profitable—that is, increasing nominal tariff has
failed to raise the firm’s profitability as measured by the return on rate base
from 1998 onward.

Figure 1. Philippines deficit and debt
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Figure 2. National government’s support to Napocor
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Figure 3. Napocor has been experiencing steadily declining income
and increasing long-term debt
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Figure 4. Despite increasing nominal tariff, Napocor remains
unprofitable
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As the reforms seek to reduce government support to Napocor and to
increase the sector’s efficiency as a whole by enabling (a) a more competitive
structure for the industry and (b) more private sector patticipation, the dynamics
of gradual removal of existing subsidies versus having a mote efficient and
competitive industry makes it difficult to assess the price change vector. The
government maintains that the reforms will bring prices down, while some
sectors believe the opposite to be true. However, both sides agree that with
the reforms, the price of electricity is expected to reflect its true cost so that
the competitive structure will work and the private sector is enticed to invest
in the industry.

Given the changes, their impact could be wide ranging. But the potential
impact on consumers is one of the most interesting aspects of the reforms,
given the government’s long involvement in the sector and the history of
cross-subsidies among consumer groups, i.e., residential, industrial, and
commertcial consumers. Since the retail price of electricity has been changing
due to reforms, there is a growing need to understand its distributional
consequences, which have been the subject of considerable debate. It is to be
expected that welfare impacts will vary with families according to how much
electricity they consume relative to each family’s income. Thus, to appreciate
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how consumers react to price changes, we first need to understand the demand
for electricity and its relation to prices.

This paper has two major parts. The first part estimates the demand for
electricity, which tries to addtess the endogeneity and simultaneity problems
inherent in residential electricity demand, as well as nonrandom sample
selection. Our treatment casts these interrelated issues along the lines of Hall
[1973] and Heckman [1979]. We then estimate the model using the data from
the Family Income and Expenditure Survey (FIES), which include household
characteristics, total expenditure, and spending on electricity.

The second part focuses on application. We simulate the impact of an
increase in ptice and assess its distributional implications using the well-known
dual approach to consumer behavior and its use in measuring the costs and
benefits of price and other changes. For this exercise, we will assume a linear
budget constraint using the observed market demand curve estimated in part
1, and then derive the corresponding indirect utility function (the expenditure
function) and, finally, our measure of welfare (the compensating variation).

2. Estimation of residential electricity demand

2.1. Difficulties in modeling residential demand

Among the difficulties that researchers should tackle are endogeneity and
simultaneity problems caused by appliance replacement and, to some extent,
dwelling decisions.! Cowing and McFadden [1984] noted that electricity is not
consumed; rather, it is an input to household production process—to provide
heat, cooling, lighting, and other needs. The household technology for electricity
consumption, on the other hand, is largely determined by the characteristics
of the dwelling and durable equipment. Therefore, the level of electricity
consumption is determined by behavioral decisions on utilization, the choice
of dwelling, and appliance characteristics, among others. However, replacement
and retrofit decisions also depend on electricity price expectations.

Second, there are also endogeneity and simultaneity problems because of
multipart tariffs. The latter occurs when the marginal price charged to a
consumer changes along with the quantity demanded, and depending on the

! While dwelling decision and its relationship with electricity price should be a subject of a more
detailed study, in the Philippines, there is no indication that household dwelling decisions are
affected by electricity price. See regression runs of dwelling characteristics on electricity price in
Appendix A.
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context, these tariffs may exhibit increasing or decreasing marginal prices. The
difficulty in empirical work is how to incorporate a complex price schedule
into demand specification in a way consistent with economic theory. Taylor
[1975] provided a succinct description of the issues in modeling demand for
electricity caused by multiblock pricing.

In the Philippines, all residential consumers, except those in the National
Capital Region (NCR), pay a fixed amount for the first minimum kilowatt-hour
consumption of electricity. These households then pay a marginal amount for
the succeeding units consumed. This type of pricing system implies that
consumers face a nonlinear, i.e., kinked, budget constraint (see Figure 5). The
budget line is drawn, supposing that there are only two goods: electricity denoted
by X, and the numeraire good, Y.

The budget line for kinked budget constraint
M=Y atX=0, (1)
M=F+Y at0<X<x*
M=F+ pX—-x¥ + Y at X > x*

Figure 5. The budget constraint with fixed payment
Y
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Segment (1) is the horizontal segment of the budget constraint equal to
the fixed charge, F. Segment (2) is the linear segment from the kink; »* has a
slope equal to the price p. Kinked budget constraints create difficulty in
estimating demand functions for reasons related to economic theory, which
assumes that consumers purchase any desired quantity at a constant price
subject to budget constraint. The standard econometric approach to this
problem, which traces to Hall [1973], is to linearize the budget constraint.
This necessitates computation of the virtual income (see Figure 5) to be the
intercept of segment (2) if it is extended to the vertical axis. It is as though
households in segment (2) were facing a linear budget constraint with the
slope equal to the observed price, p, and intercept 7, the virtual income.

Computing the virtual income

M =F+pX-x¥+E
=F+pX-px*+ Y.
M+ px*—F =Y+ pX,
m =Y + pX, m is called the virtual income. 2

By computing the virtual income, one can express demand under nonlinear
pricing in terms of the ordinary demand function, which assumes a linear
budget constraint. However, even if we are able to compute for the virtual
income, our demand estimate must consider the problem caused by consumers
sorting themselves between the segments, i.e., household choosing either (a) to consume
less than x*and pay only the fixed charge, F; or (b) to consume above x*and
pay both the F and the marginal price p for consumption greater than x* This
sorting makes calculating demand difficult because one must account for the
consumer’s willingness to switch tariff segments. This also makes virtual income
endogenous as it now becomes a function of price observed only in segment (2).

It is also difficult to assess the demand for electricity of households in
segment (1) or those paying only a fixed amount for electricity. As such, we are
constrained to use these observations in our regression, which leads to another
special case of sample selection problem called nonrandom sample selection.

These are the difficulties in estimating the demand for electricity, which
we have tried to address by implementing the three-step estimation procedure
discussed in section 4 below, based on previous approaches to modeling demand
for electricity and the estimation of demand for nonlinear budget sets.
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2.2. Approaches to modeling demand

A number of studies on electricity demand have tried to present a detailed
description of residential energy consumption using different approaches.
Houthakker’s [1951] study of residential electricity consumption in the United
Kingdom is considered one of the pioneering studies on energy demand. It is
pioneering in many respects; among them, it is one of the eatliest studies on
demand that takes into account the econometric implications of two-part tatiff
by using marginal rather than average price, and considers cross-price or
substitution effect of natural gas on electricity demand.

Fisher and Kaysen [1962], on the othet hand, authored what is considered
the most ambitious eatly dynamic study of residential energy demand. They
distinguished between short-run and long-run electricity demand. In the short
run, electricity consumption is estimated as a function of stock and average
utilization of electricity-using household appliances. In contrast, the long run
is estimated for five different classes of electric appliances: washing machines,
refrigerators, irons, ranges, and water heatets. Their results indicated that income
and population were among the important determinants of long-run residential
demand.

However, Taylor [1975] in his survey of electricity-demand studies lamented
the fact that the literature on residential demand for electricity fails to deal
adequately with block pricing. He suggested that regtessors should include
both the marginal 2ad average prices, the latter to account for the income
effect arising from the differential between marginal and intramarginal prices.
Since then, various demand studies have tried to address the issue of nonlinear
pricing. Some of these studies have been strongly influenced by the literature
on labor supply that also tried to address closely related issues. Labor supply
has been difficult to estimate because of the presence of nonlinear tax schedule
and the fact that individuals have different tastes for reasons that cannot be
controlled using observable information. Thus demand studies have
Increasingly employed virtual income, instrumental variable, and two-stage
least squares approaches as well as sample selecion models—all of which
previously appeared in labor supply studies.

Hausman, Kinnucan, and McFadden [1979] analysed the results of the
pricing test that attempts to estimate the effect of household electricity demand
on time-of-day prices. They took the appliance stock as fixed so that the
medium- and long-run response cannot be inferred from the analysis. Their
approach uses traditional econometric consumer demand estimation and treats
electricity demand within a two-stage budgetary context. They let electricity
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demand in each period be a different commodity and then estimate the relative
household demand across periods conditional on relative prices, the appliance
stock, socioeconomic characteristics of households, and the weather. Two-
stage least squares (2SLS) is then applied in specifying how the price of electricity
was entered into the demand equations. They linearize the budget set—i.e.,
virtual income—at a reduced-form prediction on monthly consumption. The
predicted quantities and the rate schedule are used to form the predicted price
variable, which serves as an instrumental variable for the observed marginal
price in the second-stage ordinary least squares (OLS) estimation of the demand
equation. Their analysis exhibits biases opposite in sign to those of their oLs
counterparts.

Reiss and White [2002], in one of their most recent papers, studied
electricity demand from a sample of California household. Their paper seeks
to develop an estimable model that can be used to evaluate alternative tariff
designs. They assume that the demand for electricity is derived from the flow
of services provided by a household’s durable energy-using appliances, and
distinguish between short-run and long-run demand elasticities. The short-
run refers to demand behavior taking a household’s existing appliance stock
as given, while long-run elasticities are meant to incorporate both changes in
utilization behavior and any adjustments to the stock of appliances owned by
the household. Theit approach to modeling electricity demand is conditioning
econometric analysis on a household’s existing appliance stocks. This allows
them to model heterogeneity by specifying electricity-demand function at the
level of individual appliances.

Other residential electricity-demand studies also utilized the sample-
selection model on the basis of Heckman [1979] to address the block rate
structure. The basic idea of sample selection model is that the outcome of
vatiable—say, x—is only observed if some criterion defined with respect to a
variable Z is met. The common form of the model has two stages. In the first
stage the dichotomous vatiable z determines whether or not X is observed; x
is observed only if z = 1. In the second stage, the expected value of x,
conditional on it being observed, is estimated.”? However, for this paper we are
primarily interested in modeling incidental truncation in which the usual
approach is to add an explicit selection equation to the population model of
interest:

2 Summary of Heckman sample selection model from Sweeney [2005].
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y=xB+uEu| =0 3)
s=1[zr+020], “)

where §; =1 if we observe yand zero otherwise. We assume that elements of
x and z are always observed, and we write xf = f, + B,x, +....+ f,x, and
Zy =y, + ¥z, +....+¥,2, - The equation can be estimated by OLS, given a
random sample. The selection equation (4) depends on observed variables,
z,,and an unobserved error, z For the following proposed model to work
well, x should be a strict subset of z. To estimate: using all n observations,
estimate the probit model of s; on z; and obtain the estimate for the inverse
mills ratio, 4, . Then, using the selected sample—that is, observations for which
5;=1, say n, of them—run the regression of y; on x,, 4, .2

Terza and Welch [1982] and Terza [1986] used a two-stage method similar
to the one developed by Heckman in analysing increasing block tariffs. Their
analysis required a specification that blocks household consumption. In their
study the choice of block can be explained with reference to consumer surplus.
Two-stage probit approach is applied in estimating demand for electricity that
captures the declining block pricing, which consists of (1) estimating probit
model of the observed rate block outcomes, and (2) using the probit results to
compute for the “correction factor” that they include in the demand equation,
which can be estimated by OLS. According to Terza, this correction factor
serves to purge the demand equation of the negative correlation between the
price variable and the random error term.

A similar approach was suggested by Maddock, Castano, and Vella [1992].
They presented an estimator for generalized selectivity bias based on the sample
selection estimator of Heckman, which they call generalized Heckman
approach. In the same paper, they applied Burtless and Hausman’s [1978]*
technique in dealing with nonlinear prices and concluded that Hausman’s
method produces perfectly credible results—i.e., the signs are right, the pattern

* Discussion of incidental truncation was taken from Wooldridge [2003:585-589].

* Burtless and Hausman [1978] offered a sophisticated technique to analyse labor supply responses
under nonlinear income taxation. They examined the negative income tax program that created a
nonconvex budget set, and also incorporated the federal income tax that created convex budget
sets as well. Their model allowed distribution of preferences for work in the population or individual
variations in tastes (heterogencity), i.e., two individuals who face the same budget sets may prefer
to work substantially different amounts. They estimated a two-error model: measurement error
and heterogeneity error. The former was assumed to be additive, but the latter was assumed to be
located in the income coefficient and constrained to be of theoretically correct sign. Their method
necessitated using complex statistical technique in computing the maximum likelihood estimates.
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of results is consistent, there is no evidence of heteroskedasticity, and the
parameters are about the right magnitudes. They compared the results with
alternative methods of estimating electricity demand, and to resolve the
difference between the results of the methods they suggested the use of the
Heckman approach. They used this model in estimating demand for electricity
in Colombia, with a pricing system that includes a connection fee and an
increasing five-step block rate structure.

3. Measurement of welfare®

We will also discuss the derivation of our measure of welfare before going
into the details of our own estimation of demand. Hausman [1981] derived
an exact measure of Consumer’s Surplus coming from the observed market
demand. The derivation of consumer sutplus in this way is very appealing as
we can use the parameters from the estimated demand to give us a measure of
welfare: compensating variation (CV). Compensating vatiation is defined as
the amount of money the household would need to be given at the new set of
prices to attain the pre-reform level of utility. Hausman’s derivation draws
heavily from the duality in consumer theory, which links the primal and dual
problem in consumer optimization. The primal problem of consumer choice
is when a consumer chooses consumption pattern so as to maximize his ot
her utility #, subject to given price p and exogenous income y, that is

Maximize u = u(x) subjecttop ‘x =y. (5)

The dual problem of consumer choice, on the other hand, is the mirror
of the primal problem—a consumer chooses consumption pattern so as to
minimize his or her expenditure y (total expenditure or income) on
consumption, given price p and exogenous utility level #, that is

Minimize y = p *x subject to u = u(x). (6)

In both problems, optimal values of x are being sought. In the primal
problem, the solution is a set of Marshallian demand x(p, 7). In the dual problem
the determining vatiables are # and p, thus we have the cost minimizing demand

function A(p,#), which is also called the Hicksian demand function. Each of
these solutions can be substituted back into their respective problems to give

$ We are using Hausman’s [1981] derivation of consumer’s surplus.
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(2) the maximum attainable utility (p, )) from the original problem and (b) the
minimum attainable cost e(p, #) of the dual problem. Therefore,

v(p,y) = max [uE);p 'x= v, 7
e(p,u) = min [p ‘x5 u(x) = u]. ©)

The function »(py) is also called the indirect utility function, while the
function e(p,#) can be called the cost or expenditure function. The important
property of the expenditure function is that its partial derivative with respect
to price gives the Hicksian compensated demand curves,

oe(p,u)

P =h;(p,u), ©)

J
Another useful property is that of the indirect utility function using Roy’s
identity, which yields the observed market demand curves as partial derivatives

of »(p, )

v(p,y)/0p;

: (10)
ov(p,y)/dy

x.j(p:y) G

We will use the expenditure function to derive the explicit utility function
that will allow us to measure the change in consumer surplus. Using the
expenditure function makes computations easy because the arguments of the
function depend only on the reform under consideration and are completely
independent of preferences. In expenditure function, preferences are described
by the form of the function, and opportunities by the values of the arguments
of the function. In terms of the expenditure function, compensating vatiation
is defined by

CV = e(p' i) — (0" ) (11)
= ""@15”0) _)P'

To detive the exact compensating variation, the idea is to take the observed
market demand curve and to use the Roy’s identity from equation (10) to
integrate and derive the indirect utility function. Inversion of the indirect utility
gives the expenditure function, which allows calculation of the compensating
vatiation in equation (11). We will employ our demand estimates to simulate
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the impact of reforms, i.e., in this case assuming an increase in the price of
electricity.

4. Estimation procedutre

4.1. Residential electricity demand

Our model analyses the demand for electricity, taking the household
appliance stock and dwelling characteristics as fixed. Our economic variables
are the household budget, i.e., price of electricity, virtual income, household
characteristics, dwelling characteristics, regional dummies, and year dummy.
Our sample is limited to the households that have indicated access to and
spending positive amount for electricity. In this paper, we will use the constant
elasticity demand specification where Z is the vector of household
characteristics, X is the demand for electricity, p is the price of electricity, and
¥ is the total household expenditure or budget,

x = AT, (12)
Equation (12) is often estimated in log-linear form as

log x = yZ + dlog(p) + blog () (13)

We specify the residential demand for electricity as

In kWh = @y + an price + bln budgetpc + f3,year 2003 +

+ Z 7 jeduc ; +Z 0 jregion ; + ¢ (14)
J J

The model consists of three steps.® The first involves estimating the probit
model for household spending below or above the kink. We are basically using
equation (4) above; in this case, our selection equation is s = 1 if the household
spend above the kink, and zero if otherwise. The major implication of using
this model is that we should have at least one element in our probit equation
that is not also in our demand function, i.e., this variable should affect selection
(being above the kink) but does not have partial effect on demand for electricity.
In this paper, the excluded vatiable is the fixed payment for the following
reasons:

®We call this henceforth as the three-step methodology.
7 See Table 1 for details.
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(a) Fixed payment does not enter the demand equation because of the
linearization of the budget constraint.

(b) Fixed payment, however, may affect whether consumer is above the
kink or not.

(c) Fixed payment is completely an exogenous variable since it is
determined by the government.

(d) This is time-variant variable, i.e., for some regions, it changes over
time.

We will compute the inverse mills ratio ftom the probit equation, which
will be included as one of the explanatory variables in the demand regression.
This first-step regression is necessary to capture the impact of dropping some
2,308 households that spend below the kink since thete is no way we can ever
measure the demand for these observations.®

The second step addresses the concern about virtual income’s endogeneity.
We will be using the real expenditure as instrumental variable for the virtual
income. We will regress the virtual income with the real expenditure and take
the predicted residuals. The predicted residuals together with the inverse mills
ratio are included in the demand equation as one of the regressors to complete
our third and final step: demand estimation using ordinary least squares.

4.2. Compensating variation’

For this section, we will derive compensating variation using the constant
elasticity-demand specification in equation (12). We first need to find the indirect
utility function by using the technique of separation of variables to find:

l+a 1-b
" "tia 1-B° (1)

v(p,y)=c=-

where ¢ is the constant of integration, which we set equal to the initial utility
level 77 . The following are the conditions to check for a valid indirect utility,
which arises from consumer maximization: (1) The indirect utility function is
continuous and homogenous at degree zero in prices and income. (2) It is also

* Dropping 2,308 observations can be considered a problem of incidental truncation, which is
addressed by the first-step regression.
? Derivation from Hausman [1981].
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a decreasing function in prices such that « < 0 and increasing in income if
b2 0. The other condition that the indirect utility must satisfy is quasi concavity,
which is equivalent to the Slutsky condition:

oh(p,u) _ ox(p,y) _ ., 0x(p,y)

op op oy
iy 2 Oh(p,u) _ ., 9%(p,y) , &x(p,y)
op Oy op
b
i =x(§+—")so. (16)

The expenditure function is
: 1) 1/(1-b)
e = gps. P
e(p,u)—[(z bye (i + %) (IMJ (a7

The compensating variation in terms of expenditure function given in equation
(11) 1s

eZ}" I+a l+a (1=b)
CV(p°.p‘,y°)={(1~bJ-[l+a-(p‘ = A ES A S

1/(1=-b)

o %

- {ﬁ[plx‘(p'.y")— p°x°(p% y%)+ " b)} -»°.19)
+a)y

According to Hausman [1981], as long as the sign conditions are satisfied
by the demand function, we can calculate the consumer’s exact surplus, so that
the compensating variation for a change in price from p° to p! using equation
(18) is the exact calculation for the compensating variation of loglinear demand
that we used in our analysis."”

" The CV computations assume all other goods as numeraire.
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5. Descriptive measures

51, Famz'g'y income and expenditure survey

Our data consist of a pooled cross-section of 2000 and 2003 Family Income
and Expenditure Survey (FIES). The 2000 FIES contains 39,000 observations
while that of 2003 has 41,000 observations. Our final sample, however, consists
of 61,197 observations—households with indicated access to electricity and
reported positive spending on electricity. FIES contains information about
household total expenditure, income, total fuel spending per fuel group,
household members, and dwelling characteristics, etc., which we used in our
regression. However, it does not report the quantity of electricity consumed
by the household. But this quantity can be calculated using the household
expenditure on electricity divided by the price of electricity.

5.1.1. Regional reclassification

We have combined Regions 13 and 3 to enable our three-step model to
work. This is to force probit to retain the observations in the NCR, which does
not have fixed payment in its pricing schedule. The choice of Region 3 is
natural because of its proximity to the NCR. The number of observations
based on the new regional classification is given below:

Table 1. Regional classification

New Classification of housebolds by electricity spending
regional clasification Below kink Above kink 1ol

1 121 3,585 3,706
2 176 2,567 2,743
e 206 9,829 10,035
5 153 2,876 3,029
6 184 3916 4100
7 137 3,568 3,705
8 189 2,630 2,819
9 117 1,800 1917
10 131 2,778 2,909
1 128 2,888 3.016
12 96 2,521 2.617
14 116 2157 2,273
15 175 1,076 1,251
16 314 1,979 2,293
3_13* 65 14,719 14,784
Total 2,308 58,889 61,197

*This is the combined regions 3 and 13 or Region 3 and the NCR.
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5.1.2. Income categories

The income quartile is computed for the remaining sample based on the
household’s real total expenditure. This is done by calculating income quartile
per year and then combining both years so that there is no need to readjust the
expenditure/income to some base year. Table 2 below shows the number of
observations per income quartile as well as the mean electricity expenditure
(in Philippines peso) and consumption (in kilowatt-hour) per income group.

Table 2. Number of observations, mean electricity spending,
and mean electricity consumption by income quartile

Number of Mean efectricity Mean electricity consumption

Income observations excpenditure (PHP) (&Wh)
category

Al <kink | =kink | All <kink | Test-Star| All <kink | <kink

1st Quartile | 15,301 [ 1,790 | 13,511 1396.40| 395.51 |1,529.03 | 398.58| 111.65| 436.59
2nd Quartile | 15298 | 406 | 14,892|2,658.90| 410.01 |2,720.24 | 724.85| 111.38| 741.58
3rd Quartile | 15,300 94 | 15,206 | 4,74840| 396.64 | 4,775.30|1,217.15| 108.48|1,224.00
4th Quartile | 15,298 18| 15,280 | 11,00940| 462.67 [11,021.82(2,614.87| 118.06|2,617.81

Total 61,197 | 2,308 | 58,889 | 4,953.10| 398.63 | 5,131.60 |1,238.82| 111.52 (1,283.00

5.2. Price of electricity

We obtained the prices of electricity in effect during the survey period
from the Philippine National Electrification Administration (NEA) for all
regions except the NCR. The price of electricity in the NCR came from the
prevailing price of electricity charged by the Manila Electric Company
(Meralco), the main distribution utility in Metro Manila. NEA also reports
both the minimum consumption and amount charged by electric cooperatives
together with the marginal price paid by households for succeeding
consumption. The price of electricity varies with region. Households that enjoy
low price of electricity are Regions 12, 11, 10, 9 and 16, while those in Regions
2,5, 4, 14, 15 (Autonomous Region in Muslim Mindanao) and the NCR are
paying the highest price for electricity.
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Table 3. Persons in the sample working outside the family farm

Minimum payment Minimum consumption Rate above the minimum
R 2003 2000 2003 2000 2003 2000

1 46.047 46.047 12.6667 12.6667 3.6363 3.6363
2 50.070 50.070 13.2857 13.2857 3.7872 3.7872
3 38.028 38.028 10.6923 10.6923 3.5642 3.5642
4 47.652 47.652 11.9286 11.9286 4.0956 4.0956
5 46.170 46.170 11.6364 11.6364 3.9569 3.9569
6 46.386 46.386 12.0000 12.0000 3.8606 3.8606
i 41.521 41.218 11.5000 11.5000 3.6938 3.6685
8 42.757 42,757 10.4545 10.4545 4.0758 4.0758
9 40.542 39.928 15.0000 15.0000 2.7027 2.6617
10 42.448 41.848 14.8750 14.8750 2.8462 2.8198
11 35317 34.103 13.3333 13.3333 2.6252 2.5452
12 33.760 33.573 13.7500 13.7500 2.4553 24428
13 5.7453 4.8400
14 51.773 51.772 12.4000 12.4000 41292 4.2372
15 54.731 54,731 15.0000 15.0000 4.1058 4.1058
16 51.662 48.659 14.2857 13.5714 3.5145 3.4663

6. Estimation results

6.1. Demand for electricity

The results of the three-step methodology for all observations are given
in Table 4. The coefficient of the price in the third step can be interpreted as
the price elasticity of demand while the coefficient of the virtual income is
the income elasticity. The elasticities show correct signs: the price elasticity is
—0.86, and the income elasticity is 0.91.

The coefficients for the household-head characteristics are significant and
showed correct signs as well. Additional household member increases the
consumption of electricity, and the household head’s age has positive impact
on consumption as well. The year dummy is positive but not significant. This
may be due to the fact there is not much difference between the prices in 2000
and 2003 for some regions in the Philippines.

The educational-attainment dummies also showed expected signs and
significant coefficients—that is, the higher one’s education, the higher the
electricity consumption. From the data, it appears that highly educated people
have either more appliances or more energy-consuming appliances."

" See Appendix D: Other descriptive measures for the details of appliance ownership per
educational attainment.
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On the other hand, regional dummies all resulted in negative signs. This is
expected, with the combined NCR and Region 3 as the base region. This may
be because most households in this area are generally more affluent and/or
have more energy-intensive appliances compared to those in any other region.
The coefficient inverse mills ratio (invmills) and the residual (whai) are also
significant. For the residual, the significant t-statistics means that virtual income
is indeed endogenous.

The model was used to estimate demand, including various dwelling
characteristics, such as the structure of roofs and walls, but the change in
coefficients is very minimal.”?

We also estimate separate price and income elasticities per income
category.” As in the previous regression using all observations, OLS gives
consistently lower price elasticities per income category, but the income
elasticities are almost similar to the results of the three-step. Table 6 shows
that the lowest-income group has a relatively inelastic demand second only to
the fourth-income quartile.' The reason for inelastic demand may be that
households in the first quartile compared to other income groups have already
very limited appliance ownership; as such even if the price of electricity
increases, they no longer have enough freedom to adjust their consumption.?
In addition, the first and fourth quartiles relatively have the highest income
elasticity (0.501 and 0.767).

6.2. Welfare losses

We simulate the impact of a single price change—a 10 percent across-the-
board increase in the price of electricity for all regions in the Philippines. This
simulation exercise assumes that we have a linear budget set. The compensating
variation is computed using the parameter estimates from demand using all
observations (i.e., parameters in Table 4), which we will call parameter (a); and
per quartile demand parameters (in Table 6 and detailed in Appendix D), which
we will call parameter (b).

** See Appendix B: Regression results of three-step methodology comparing runs with and
without dwelling characteristics.

" See Appendix C for the detailed results of three-step regression per income quartile.

" Reiss and White [2002] found that the electricity consumption of the lowest income group
has more elastic demand.

'% See Appendix : Other descriptive measures for the details of appliance ownership per income
category.



of power sector reforms in the Philippines

1015 0,

Macuna: Distributional implicat

84

BT et e B B B o R ] B R ] e e RN

5208521801 1 jo auo

ZLLED paionbs -y st (uonenba puewsap s das paygt sy ur pasn st yoga ; "
hm.-mhh__, m_@%%.m ,_.__.mu SISV - ] .E:_.,._m..ﬁ ...E:...m.”—.ua u_.ﬁ :F‘_u_u“n:_._u m—_._._,_ #EE._; u..:h:._con.xu _ME st (pdxf squies oy Sussn yury uﬁa_u_n.ﬂfgaw“_w.wwv.w__”“__wwm
ROE'T SIGO PO \.e_...uﬁs.._d [E33 DY Aq IUWOIUL [ENIIA DY JO :a.mm.:ma st dozs puoaag,, ployasnoy jo .h:_ﬁan?:m ayl 109 :.oa«swu _595 « 5t SIU [
6889 SHOUDLIISGO O daquinp] - ’ ) T
0000 padvihs - 3 09910 pauvnbs -y opnas
09¥'SZ- 159°¢- sU03T (£988¢ “ 1) sasupons - o 168014 pooigyayy opasd T
01Z'11 9P6E8E aeyn GE§8C SHONPIIGD [0 42qUHN] 261°19 TUOIDNIIGD [0 aGRHN]
06+¥ Ph0'0 s[wau
oFS'11- T6T0- 91guoiEaru 0961 0000 suod™ 06+02 €98°¢ su0a™
oL1'01- FIE0- glouoidaru 09F S~ 0000 910uotioru 09z 9¢T 0" 91Quotiau
08z'L1- 1L¥ 0" p1ouoBaru 00L°0F 1000 grouoBaru 06Z Treo grouoidau
09021 9z¢0- Zlguoidaiu 0£8'2S- 0000 tlouoidau 08T 61€0 plpuoiBau
0s1°El- €260 [ 1guoidaiu 06L'S¢- 0000 Z1puodaru 0€6°11- 0€0°T- zlpuoiSau
0v6p1- €EC0- Orouoidaru 0bL'65- Q00 [ TouorEaru 0196 €58°0- 11guoidaru
0Sk'6- A Gouordazu 0sZ'91- 000°0 01guoiaau obLb- 18€°0- orouoEa
0bS11- g0 gouordazu 0€0°L- 0000 pouoiEaTy 081°L- 999°0- Gouodaru
08FT1- hTo- Louoigaru 089°€5- 0000 gouodasu 086'S- 8¢SO gouoisoru
08L21- S92°0- gguotsaru 086'29 000°0 LouoiFaiu 016" 092°0- Louoidaiu
0266 ¥£T0- gouordaru OzF'se- 0000 gpuoidaiu 0660 8600 gguoidaiu
0060 #1000 pouodau 0r895- 0000 gouoidhiu 0611~ LILO- gouordaru
090721~ YLTO- Zouoidaru 0Z6'801- 0000 pouoidau 0¥6'9 1690 pouoidau
099°L- SH10- [guoiSau 01€'LY 0000 zouorSaiu 06L'1 €610 zouomsaru
006 8re0 padajon 01982 000°0 [ouodam 0912 81Z°0 1guotsaru
0LVL LT plooypsy 08LZ- 000°0 pasajjoo 0£S°€1 PPET pagafjon
0£9°¢ 1210 phrewnd 0592~ 000°0 plooypsy 0z1'8 TEL'O plooysy
0590 FO0'0 £00gaEad 0£5°T- 0000 phrewid 000 1S€°0 phrewnad
08502 9000 28v 0509z~ 0000 go0gavak 0z9°0 5100 coogeadk
0v6'08 081°0 waunoy 0zs°¢- 000°0 a5e 06L°01 €100 a8
00872zl 9060 adhaSpnquy 0990 0000 wauno 026'8 6900 waunoy
0991~ #98°0- aoudyl 000'T adxmony| 00¥'61- LOO0- fedyy
£ .“.,\u ‘__..uw_s._...h Fl &».nu% b U h.NNQn_._ﬁ {7 \H 52 wh.wms__ =] J mﬁ% Q.U LY m\@ _Q._mn (7] \\.— X uwm._.. FLzr AR ;M hk&nﬁ%bu Y m_\ an .\m
gz parg T, 30015 ptosa I3 wdors jsa]

UOTIBAIISO [[€ JOF S} NSII BOISSIISY *p I[qe],



The Philippine Review of Economics, Volume XLIV No. 1 (June 2007)

Table 5. Comparison of three-step and OLS demand estimation

85

Three-step methodology Ordinary least squares
Variable - — : .

Coefficient t-statistics Coefficient I-stalistics
Luprice -0.864 -14.660 -0.647 -25.910
Lnbudgetpe 0.906 122.800 0.906 122.640
Totmem 0.180 80.940 0.183 86.410
Age 0.006 20.580 0.007 23.850
year2003 0.004 0.650 -0.008 -1.360
Primaryd 0.121 3.630 0.137 4.080
Hschoold 0.247 7170 0.279 8.230
Colleged 0.348 9.400 0.407 11.710
nregion01 -0.145 -7.660 -0.171 -9.900
nregion(2 -0.274 -12.060 -0.324 -17.610
nregion04 0.014 0.900 -0.015 -1.210
nregion05 -0.234 -9.920 -0.294 -16.590
nregion06 -0.265 -12.780 -0.311 -18.760
nregion07 -0.243 -12.480 -0.277 -16.290
nregion08 -0.311 -11.540 -0.383 -19.710
nregion(9 -0.246 9.430 -0.227 -8.800
aregion010 -0.333 -14.940 -0.319 -14.420
aregion011 -0.323 -13.130 -0.288 -12.400
nregion012 -0.326 -12.060 -0.278 -11.220
nregion014 -0.471 -17.280 -0.541 -26.650
nregion015 -0.314 -10.170 -0.392 -14.130
nregion016 -0.292 -11.540 -0.351 -16.880
Invmills 0.044 4.490
Uhat 383.946 11.210
_cons -2.651 -25.460 -2.883 -34.190
Number of abs.: 58,889 58,889
F-statistics: F(24, 58864) = 1775.67 F( 22, 58866) = 1811.19
R-squared: 0.5772 R-squared = 05761

Table 6. Elasticities per income quartile

y Price elasticity Income elasticity
Tneomse quartile
oy 3-Step OLS 3-Step OLS
BQuatle’ cgesmmmmessieysis -0.960 -0.562 0.501 0.501
20dQUATHIE  .opuenismmmmrsns -1.117 -0.641 0.237 0.238
3ed Quartile .o, -0.999 -0.663 0.308 0.310
4thOnartile:  sasasain -0.809 -0.779 0.767 0.749
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In terms of total compensating variation, the estimated welfare loss
increases as income increases. This is true using both parameters. However,
there is a notable difference in mean compensating variation for the second
and third quattiles: the compensating variation using the per quartile demand
parameters is less than the compensating variation computed using the
parameters for all observations.

Figure 6. Mean compensating variation: Comparing CV computed
from (a) all observations and (b) per quartile parameters

Compensating variation

-20002 1 J ,_. L.

BT 0 0 —— e e B ]
-60000 -
-80000 - -
1st Quartile 2nd Quartile 3rd Quartile 4th Quartile
O All Observations -14794.08 -20396.75 -29997.79 -64919.25
M Per Quartile -14587.68 -17949.3 -28261.04 -66021.28

Figure 7. Mean total expenditure per capita

Mean total expenditure per capita
per income quartile
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Figure 8. Mean percentage loss using parameter (a): parameters of
demand estimated from all observations

Percentage loss: Using parameters from the demand estimates of all
observations

O3step
goLs

-0.999

Percentage loss (%)

-0.999

-1.000 —

-1.000

By income quartile

Figure 9. Mean percentage loss using the parameter (b): per quartile
demand estimation
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But it appears that using the compensating variation alone as a measure
of welfare loss gives an incomplete picture of the distributional implications
of a price increase. There remains the question of the burden of welfare loss
in terms of its proportion to the total household expenditure. As such, we
also compute the welfare impacts in terms of percentage loss' by dividing
compensating variation with the total real expenditure per capita. Figure 8
shows that using parameter (a), our conclusion is unchanged—that is, welfare
as measured by percentage loss strictly increases as income increases.

However, using parameter (b), the distributional implications change
dramatically. Figure 9 shows the percentage loss increasing as income increases,
which means that the loss of the poorest group is greatest among the lower-
income groups. This is true for both the OLS and the three-step methodologies.
This may imply that the poorest groups lose because they have extremely low
income to start with, so that any price increase, which means higher expenditure,
translates to a higher percentage loss. This may also imply that the electricity-
price subsidies provided this income group will probably mask the impact of
a price increase but will not change the real cause of higher welfare loss—low
real income.

7. Conclusion

The residential demand curve is estimated with consideration for the
difficulties posed by such estimation—the nonlinearity in the budget set caused
by fixed payments. This paper has tried to address these issues by using a
three-step methodology that deals with the nonrandom selection problem
and the endogeneity of household budget used in demand estimation. The
residential demand is computed for all observations and compared with the
results of OLS. The results are not much different in terms of magnitude and
signs of the coefficient.

While there is no explicit calculation for the precise impact of reform on
the price of electricity, we made the simulation exercise based on an increase
in price because its impact will probably be of utmost interest in policy
discussions. As such we have simulated the impact of a 10-percent increase in
price, assuming a linear budget set using the parameters of demand estimated
for all observations and the parameters per income quartile.

" Or simply, percentage loss is the proportion of welfare loss to real expenditure.
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We find that the distributional implication of the price change will depend
upon the choice of welfare measure as well as the demand parameters used.
Generally, we find that using compensating vatiation alone, the loss increases
as income group rises. However, distributional implications change when we
use the parameters of per quartile demand and computing percentage loss
instead: the loss of the income group is highest among the lower-income
groups. An impottant policy implication of this finding is on lifeline subsidy
implemented by the government, which gives preferential electricity tariffs to
marginal consumers of electricity. It appears that the lifeline subsidy, while
softening the impact of a price increase on the poorest group, may not be able
to address the real cause of higher welfare loss—poverty.

References

Barnes, R, R. Gillingham, and R. Hagemann [1981] “The short-run demand for
electricity”, The Review of Economics and Statistics 63(4): 541-552.

Burtless, G. and J.A. Hausman [1978] “The effect of taxation on labor supply:
estimating the Gary negative income tax experiment”, The Journal of Political
Economy 86(6): 1103-1130.

Cowing, T.G. and D. McFadden [1984] “Microeconomic modeling and policy
analysis: studies in residential energy demand”, a volume in a series of
monographs and textbooks: Karl Shell, ed., Economic theory, econometrics and
mathematical economics. Orlando, Florida: Academic Press, Inc.

Danao, R.A. [2001] “Short-run demand for residential electricity in rural electric
cooperatives franchise areas”, Philippine Review of Economics 38(2): 67-82.

Deaton, A. and . Muellbauer [1980] Economics and consumer behavior. Cambridge:
Cambridge University Press.

Department of Energy [2004] October 2004 household energy consumption
survey: preliminary results. Manila: Republic of the Philippines.

Hall, R.E. [1973] “Wages, income and hours of work in the US labor force” in:
Cain Glen, and Harold Watts, eds., Income maintenance and labor supply. Chicago:
Markham Press.

Hausman, J.A. [1981] “Exact consumer’s surplus and deadweight loss”, The
American Economic Review T1(4): 662-676.

Hausman, J.A., M. Kinnucan, and D. McFadden [1979] “A two-level electricity
demand model: evaluation of the Connecticut time-of-day pricing test”,
Journal of Econometrics 10: 263-298.



90 Macua: Distributional implications of power sector reforms in the Philippines

Heckman, J. [1979] “Sample selection bias as a specification error”, Econometrica
47: 153-162.

Jamasb, T., R. Mota, D. Newberry, and M. Politt [2004] “Electricity reforms in
developing counttries: a survey of empirical evidence on determinants and
performance”, Cambridge Working Papers in Economics CWPE 0439.

Maddock, R., E. Castano, and F. Vella [1992] “Estimating electricity demand: the
cost of linearising the budget constraint”, The Review of Economics and Statistics
74(2): 350-354.

Parti, M. and C. Parti [1980] “The total and appliance-specific conditional demand
for electricity in the household sector”, The Be// Journal of Economics 11(1):
309-321.

Reiss, P. and M. White [2004] “Household electricity demand, revisited”, National
Bureau of Economic Research Working Paper 8687, http://wwwinber.org/
papers/w8687.pdf. Accessed 13 December 2006.

Sweeney, K. [2005] “Implementing and interpreting sample selection models”,

http: web.sbs.ohio-state.edu/ptl/Selection%20Models.pdf.
Taylot, L. [1975] “The demand for electricity: a survey”, The Be/l Journal of Economics
6(1): 74-110.

Terze ]. [1986] “Determinants of household electricity demand: a two-stage probit
approach”, Southern Economic Journal 52(4): 1131-1139.

Terza, ]. and WP. Welch [1982] “Estimating demand under block rates: electricity
and watet”, Land Economics 58(2): 181-188.

Vatian, H. [2003] Intermediate microeconomics: a modern approach. Sixth edition. New
York: WW. Norton & Company.

Wooldridge, J. [2003] Introductory econometrics: a modern approach. Second edition.
Ohio: Thomson Southwestern.



The Philippine Review of Economics, Volume XIIV No. 1 (June 2007) 91

Appendices
A. Regression of dwelling characteristics with price of electricity
Wallt Wall2 Wall3
Variables g T g T : o
Coefficient t-statistics Coefficient t-statistics Coeffecient t-statistics

pricepower 0.009 1.400 -0.009 -1.560 0.001 0.430
fxpay 0.000 2210 0.000 2,370 0.000 -0.350
year2003 0,001 0.420 0.001 0.450 -0.003 -3.030
aregion(] -0.060 -6.530 0.066 7.350 -0.006 -2.270
nregion2 -0.047 -4.180 0.056 5.180 -0.010 -3.060
nregion(4 -0.013 -1.430 0.015 1.720 -0.002 -0.870
nregion(3 -0.088 -8.410 0.093 9.100 -0.005 -1.630
nregion(6 0.231 -24.090 0.233 25.010 -0.003 -0.980
nregion(7 -0.126 -14.970 0.130 15.910 -0.004 -1.890
nregion(8 0117 -11.470 0.128 12.930 -0.011 -4.010
nregion(9 -0.180 -15.800 0.185 16.630 -0.005 -1.410
nregion010 -0.068 -7.140 0.069 7.370 0.000 -0.150
nregion011 -0.112 -10.010 0115 10.580 -0.003 -1.050
nregion(12 -0.172 -13.980 0177 14.700 -0.004 -1.190
nregion(14 0.076 5.620 -0.070 -5.360 0,005 -1.440
aregion(135 -0.159 -10.000 0.156 10.060 0.003 0.720
aregion016 -0.075 -6.820 0.079 7.380 -0.004 -1.320
_tons 0.864 24.630 0.120 3.510 0.015 1.560

Nea. of observalions

F - statisties 61197 611197 61197
R - squared (17,61179)=165.84 (17,61179)=191.93 (17,61179)=478
L0441 L.0481 0.0013
Roof? Roofi2 Roofi3
Variables
Coefficient | t-statisties | Coefficient | t-statistics | Coefficient |  t-siatistics

pricepower -0.002 -0.370 0.000 0.030 0.002 1.320
fxpay 0.000 -2.670 0.000 2.780 0.000 -0.140
year2003 0.016 5.000 -0.013 -4.320 -0.003 -3.020
nregion(1 0.005 0.580 0.003 0.420 -0.008 -3.750
nregion(2 0.011 1.030 -0.002 -0.210 -0.009 -3.140
nregion(4 0.005 0.630 -0L002 -0.210 -0.004 -1.640
nregion(5 -0.185 -19.120 0.192 20.340 -0.007 -2.650
nregionl6 -0.138 -15.490 0.143 16.500 -0.005 -2.240
nregion(7 -0.067 -8.570 0.069 9.070 -0.002 -1.010
nregion(8 -0.158 -16.760 0.169 18.430 -0.011 -4.540
nregion()9 -0.204 -19.310 0.210 20,440 -0.006 -2.280
nregion(10 -0.073 -8.170 0.075 8.700 -0.003 -1.160
nregion(il1 -0.050 -4.850 0.054 5.340 -0.004 -1.330
nrl:gion[.llz -0.120 -10.470 0.124 11.110 -0.004 -1.360
nregion(14 0.086 6.910 -0.077 -6.350 -(LOG9 -2.750
nregion(115 -0.119 -8.060 0121 8.450 -(.003 -1L680
nregion(16 -0.213 -20.980 0.222 22.430 -0.009 -3.330
_cons 0.924 28.430 0.068 2,150 0.007 0.870

Na of observations

F - statitics 61197 611197 61197
R - squared (17.61179)=186.64 (17.61179)=207.83 (17.61179)=8.18
0.0493 0.0346 0.0023

Note: Regressing the wall types on the price of electricity, fixed payment and regional and year dummies resulted in insignificant
cocfficients. The dwelling types are () walll/roofsI, made of up strong or mixed but strong materials; (b) wall2/roofs2,
made up of light or mixed but light materials; and (c) wall3/roof3, made up of makeshift materials or mixed but salvaged
materials.
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B. Comparison: Results of three-step with and without dwelling
characteristics for all observations

Withowt dwelling With dwelling

i Coefficient t-statistics Coefficient F-statistics
Inprice -0.864 -14.660 -0.875 -14.960
Inbudgetpc 0.906 122.800 0.875 115.260
totmem 0.180 80.940 0.176 79.560
age 0.006 20.580 0.006 20.320
year2003 0.004 0.650 0.005 0.800
primaryd 0.121 3.630 0.120 3.600
hschoold 0.247 7170 0.239 6.990
colleged 0.348 9.400 0.340 9.390
nregion(1] -0.145 -7.660 -0.137 -7.430
nregion02 -0.274 -12.060 -0.270 -12.190
nregion(04 0.014 0.900 0.019 1.200
nregion(5 -0.234 -9.920 -0.224 -9.880
nregion06 -0.265 -12.780 -0.225 -11.510
nregion07 -0.243 -12.480 -0.224 -11.820
nregion08 -0.311 -11.540 -0.302 -11.630
nregion09 -0.246 -9.430 -0.226 -8.570
nregion010 -0.333 -14.940 -0.337 -15.240
nregion011 -0.323 -13.130 -0.314 -12.720
nregion012 -0.326 -12.060 -0.302 -10.980
nregion014 -0.471 -17.280 -0.476 -17.320
nregion015 -0.314 -10.170 -0.303 -9.980
nregion016 -0.292 -11.540 -0.291 -11.870
wall1 0.165 3.010
wall2 -0.017 -0.310
roofsl s -0.051 -0.850
roofs2 -0.038 -0.630
invmills 0.044 4.490 0.046 4.900
uhat 383.946 11.210 389.335 11.290
_cons -2.651 -25.460 -2.386 -21.040
No. of observations 58889 58889
F - dtatistics F(24, 58864) = 1775.67 F(28, 58860) = 1583.23
R - sgnared 05772 0.5830

Note: The three-step model was also estimated when some dwelling characteristics were included
in the regression. But the results are not much different from the results reported in Table 4.
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D. Other descriptive measures
D.1 Educational attainment and appliance ownership: All observations

Appliance group
E{h{mmd No other | Entertainment | Refrigeration Cooling Total
attarmment ; : . ;
appliances appliances appliances ippliances
No grade completed 190 732 213 24 1,159
Completed elementary (or
had some elementary) 1,859 12,678 6,230 564 21,331
Completed high school (or
had some high school) 1,145 10,274 9,521 926 21,866
Attended college or until
graduate school 252 3,618 10,122 2,849 16,841
Total 3,446 27,302 26,086 4,363 61,197

Note: Appliance categories came from Danao [2001]. It 1s assumed that cooling appliances are more energy intensive among
the appliance groups. This table shows that those who attended college have more energy-intensive appliance than those
who did not. The computed correlation between appliance ownership and educational attainment is 0.3380.

D.2 Appliance ownership and income quartile:
All observations that includes household spending below the kink

Appliance grosp
Income - = - T
quartile No ?rber E ntertainment Rtfn‘gterafwn Coa‘r/z:-;g otal
appliances appliances appliances appliances
st Quartile 2,413 10,692 2,060 136 15,301
2nd Quartile 798 9,358 4,800 342 15,298
3rd Quartile 196 5,760 8,719 625 15,300
4th Quartile 39 1,492 10,507 3,260 15,298
Total 3,440 27,302 26,086 4,363 61,197
D.3 Appliance ownership and income quartile:
Only for households that spend above the kink
Appliance group
Income i - — - Total
quartile [/ _0;’ her E; ::x‘em:::fweﬂ: Reﬁrg.::m!fw: C acli/.v.{g
appliances appliances appliances appliances

1st Quartile 1,816 9,533 2,027 135 13,511
2nd Quartile 696 9,077 4,784 335 14,892
3rd Quartile 182 5,690 8,710 624 15,206
4th Quartile 36 1,483 10,501 3,260 15,280
Total 2,730 25,783 26,022 4,354 58,889

Mote: The appliance categories came from Danao [2001]. Higher income households own more encrgy-intensive appliances
than the lower-income categories, i.¢., cooling appliance in the fourth income quactile is 3,260 compared to 135 in the
first income quartile.




