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ABSTRACT

This reportidentifies themost importantresultsof a comparativeanalysis of household comercialenergy
use in Venezuelan urban cities. The use of modem fuels is widespread among all cities. Cooking
consumes the largest shareof urban householdenergy use. The survey documentsno use of biomassand
a negligible use of kerosene for cooking. LPG, naturalgas, and kerosene are the main fuels available.
LPG is the fuel choice of low-income households in all cities except Maracalbo, where 40% of all
households use natural gas.

Electricity consumptionin Venezuela's urban households is remarkably high comparedwith the
levels used in households in comparable Latin American countries and in households of industrialized
nations which confront harsher climatic conditiom and, therefore, use electricity for water and space
heating. The penetration of appliances in Venezuela's urban households is very high. The appliances
available on the market are inefficient:, and there are inefficient patterns of energy use among the
population. Climate conditions and the urban built form all play important roles in determining the high
level of energy consumption in Venezuelan urban households.

It is important to acknowledge the opportunities forintroducing energyefficiency and conservation
in Venezuela's residential sector, particularly given current economic and financial constraints, which may
hamper the future provision of energy services.
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1. Introduction

Like most Latin American countries, Venezuela has undertakena profoundeconomic restructuringwith
, the guidance of tntem_onal monetaryagencies. During the late 1980s the countrycommitted itself to

fuel price reforms and increased participationby private firms to provide energy services. A volatile
politicalenvironment-- two attemptedmilitarycoups (February4, andNovember 27, 1992) -- andother

. social problems arising from economic stagnationdemonstrate the difficulties of implementing reforms
in Venezuela. Presently, reforms are at a standstill.

Fuel pricereforms andprivatizationwere intendedto end subsidieson fuel prices and bringabout
theend of bureaucraticmanagementin public utilitycompanies. However,new, privateutilities have yet
to establishpricing policies underthe current social circumstances,e.g., an energy price rise sparkeda
week of rioting in Venezuela in 1989.

Venezuela is not runningout of energyresourcesin an absolute sense. Whatis runningout is the
ability to provide a greater energy supply at low cost. A decade of economic constraintsdue to the
reductionof oil prices has sigaificantiy restrictedthe growthof energy services, a growth experiencedin
other modern industrialnations.

The economic restructuringprocess must consider how the needs of the population are being
fulfilled. Meeting the requirementsof Venezuela's development process will require the adoption of
innovativeapproachesto providingmore energyservices without hamperingthe country'sabilityto satisfy
demand in the future and the supply of other services to the population. Increasing the efficiency of
energy use in Venezuela has an important role to play in this process.

This reportidentifies the results of a comparativeanalysis of householdenergy use in Venezuelan
urbancities. Following the methodology of a similarstudy performedin Caracas,sur_eys were taken in
four majorcities encompassing a wide rangeof climates, income levels, and economic activities. We
report on energy use by fuel type for cooking, water heating, and household electricity consumption
accordingto primaryend uses in each city. Finally, this reportpresents a list of areasfor furtherresearch
for me next steps to implementingenergy-efficiency programsfor the residentialsector in Venezuela.

1.1 Background

In 1988, a collaborativeeffortwas initiated underthe auspicesof an international agreement,DOE-MEMV
Agreement,Annex XI, between the United States Departmentof Energy (USDOE) and the Ministry of
Energy andMines of Venezuela (MEMV), aimed at promoting energy conservation. The first study, a
survey designed to understand residential energy use, was completed in 1990 and presented a
comprehensive analysis for the city of Caracas. Due to the particularitiesof location and climate in
Caracas,it was importantin this second study to evaluate how urban size and weather conditions affect
household energy use. In pursuing this objective, a project was set up to look at cities with differing
climates and households of varying sizes. Based upon the mid-size to large urban populations and
diversity of economies and climate, the cities of Maracaibo,Valencia, Merida, and Barcelona-PuertoLa

, Cruz were selected.

Maracaibo and Valenciaare, respectively, the secondandthirdmost populous cities in Venezuela;
• along with Barcelona, they are located in flat lands in the nor,hem pan of the country. All the cities'

economies have been determined by their proximity to importantports (Valencia), and by their dominant



industrialactivities, (oil exploration, refining, and distribution, in Maracaibo and Barcelona.PuertoLa
Cruz). Valencia is located in a fiat and extended valley surroundedby small hills in the centralpartof
the country. Barcelona is close to the northwesternbeaches of the Caribbeansea. Maracaibois located
beside LakeMaracalbo, where the core of Venezuela's oil industryis located.

The climate in Maracaibo,Valencia, and Barcelona is warm during most of the year. Popular
belief states Maracatbo as Venezuela's hottest city. Valencia and Barcelona are less extreme than
Mancaibo.

The fourthcity studied,M_rida,is located in a fiat terraceapproximately1500 metersabove sea
level in the Andes Mountains. Its climate is cold for most of the year. The inclusion of M_ridawas
importantforthis studyto determinewhetherclimate affects thepatternsandamountsof energyconsumed
in Venezuelanhouseholds. These fourcities, taken togetherwith Caracas, broadlyrepresentthe nation's
urbanpopulation as a whole.

1.2 Study Objectives

The primary objective of this study was to gather informationabout household fuel choices and energy
consumptionlevels in Venezuela. We also look at conditions thataffect the choice of fuels used in homes
and the policy implications derived from these factors. For each city we produce a structureddatabase
thatdescribes urbanhouseholdenergyconsumption anddeterminesthe effects of income levels on energy
consumption. This informationis used to ascertainthe need for socially targetedenergypolicies.

The fourcities in this study andCaracastogetheraccount formore than 50 percentof Venezuela's
urban population._ One of the most significant aims of this research is to demonstratethe importanceof
maintaining a consumer databaseusing surveys for understandingthe variations on residential energy
demand in orderto better assess futureelectricity requirements.

1.3 Sampling and Survey Methodology

The study was conducted and coordinated at different levels by the Directorate of Energy Planning,
Division of Energy Conservation,Ministry of Energy and Mines (MEM), in Caracas.The International
Energy Studies Group, Lawrence Berkeley Laboratory(IES-LBL), Berkeley, California, USA, was a
consultantto ME. ThreeotherVenezuelaninstitutionsdeveloped the field work and surveyedeach city:
for Maracaibo,Universidaddel Zulia (LUZ); for the cities of M_ridaand Barcelona,Universidad Sim6n
Bolivar COSB);for Valencia, UniversidadTecnol6gica del Centro(UNITEC). MEM made the decision
to engage threedifferent institutionsin the projectto aid thetransferof energy-relatedinformation between
local andinternationalinstitutions.

The three universityteams were asked to gatherbasic informationaboutthe geographicareaunder
study. It was importantto establish a close relationshipwith the respective utility companies in orderto
define the sample from their customer inventories. Although in each of the cities the survey team
consistently tried to involve the utility companies in the work, only the team from LUZ, in Maracaibo,
was able to work with the utility company, ENELVEN, to complete the definition of the sample and
obtain information to contrast with the survey results.

u _ , H

Urbanareasaredefinedas thosewithmorethan 2500 inhabitants,accordingto theCensus.
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The sample in Maracaibowas defined by categories from the utility customer inventory, Four
different _ups were identified by arranginghouseholds by their monthly energy consumption. Other
relevantvariables fordefining the sample were the portionof each groupwithin the universeof customers

, andthe per_ntaseof the populationwithoutelectricity. The uflUwprovidedthe latterpercentageanddata
were confirmed throughthe review of different official sourcesand surveys. Characteristicsof dwellings
andfield datawere also utilized to make the sample comparableto the other cities in the study. Table
I provides the population and sample sizes of each city surveyed.

Samples from Valencia,M_rida,andBarcelonawere geographicallystratifiedby housingtype and
neighbo_ district,both of which were verified in the field. Valencia's researchmethod was to set up
a fixed sample size for each stratified segment of population according to a requestedideal level of
accuracy. The teams fromM_ridaandBarcelonamadeuse,of mapsanddirectvisits to the field to choose
a regular sampling interval for the city and an appropriatenumberof households to be interviewed from
given blocks or neighborhoods.

A model questionnaireanda manualto bettermanagethe questionnairewere preparedbasedupon
the results of the earlierexperiencein Caracas. The model's intentwas to examine issues related to _el
choices, household income, level of energyconsumption,and the energy decision-makingprocess. Each
university team had the chance to review the questionnaireandintroducemodificationsto account for the
particularitiesof their city. The principalquestions guiding the research were: What are the influences
of size and weatherconditions on household energy use? How does household energy consumption in
other Venezuelan urban areas compare to that of Caracas7 How does income level affect energy
consumption? Whatare the implications in terms of energy policy?

Table 1. Urban Population and Sample Size

,, , , i ., , ,,i. ,|,.,, ..................... -__ ...........................

City Total population (millions) Sample size (number of households)
HHH, I ,IS, I ,I I I ' ' ' "

Caracas' 4.3 480

Maracaibob 1.3 537

Valencia_ 0.985 600

M(_ridad 0.268 180

Barcelona' 0.307 287
ii i Hi, HI iHi

• Based on Figuemaet al. for year 1988.ReferenceNo 2.
bBasedor1Conzuplan2 for year 1989.ReferenceNo 1,
' Basedo_ OCEIfor year 1990.ReferenceNo 4
dBasedo_ UCEP.ULA-MINDURfor year 1989.ReferenceNo 6
• Basedon OECIfor year 1981.ReferenceNo 5

, Venezuela's Populationin 1990:.19.45millionsof which85%occupyurban areas.ReferenceNo 23

• In undertakingthe field work, repeatedremm visits ensureda low non-response rate. To promote
participation,the research teams distributeda booklet edited by MEM with general informationabout
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energyconservationamong the surveyed households. The survey was designed with internalconsistency
checks and ways to confirm key data, Responses on income level and electricity consumption were
particularlydifficult to obtain in all cases; however, the researchteams verified the data by comparing
them with reportedexpenditures and observed household characteristics,such as the condition of the
home, fun_shings, or clothing of respondents.

Forprocessingthe informationand cre_ng a commonlyorganizeddatabase,thecoordinationtmn
defined a set of criteria. The goal was to createa database(using dBase HI or Lotus 123) to classify the
information acquiredfrom the survey. Fourdetailed databasesconstitute one of the main outputsof this
project. The final arrangementof the databasefor each city was aimedatproducingoutput consistentwith
the earlierreportsmade for the city of Caracas.

Since an effective comparativeanalysisby income level was desired as outputfor the purposeof
policy making, and since the arrangementof data by income category proved feasible, the data first
compiled by dwelling categorywere rearrangedby processing the income categories found in the survey.
Other base income data and informationon dwelling categories were used to conform the database for
comparativeanalysis.

2. Urbanization and Household Energy Use in Venezuela

2.1 General Characteristics of The Survey Cities

The energy situation in Venezuela has been tremendouslyshapedby the rapidlevel of urbanizationof the
country, l_longside urbanization,levels of residential energy demand has grown as has the reliance on
modem energy sources, particularlyelectricity. The cities surveyed encompassed a wide rangeof living
conditions, income levels, economic activities, and local policies.

Maracalbo
l

Maracaibois Venezuela's second largest city with over 1.3 million residents and an importantregional
industrialbase (Table 1). The city is a specialized center of off-relatedactivities andservices. Maracalbo
was the first electrified city in Venezuela afterthe creation of the first electric utility, the companyC.A.
EnergfaEl_trica de Venezuela (ENELVEN). ENELVEN was formed in 1888 as a private industry. In
1976, the Venezuelanstate, throughthe VenezuelanInvesUnentFund(Fondo de Inversiones de Venezuela
(FIV)) bought a majorityof assets in this utility company. Presently,withing the year 1992 the company
is expected to be sold back entirely to the private sector)

By 1990, only a small proportion, 2.5%, of Mamcaiho's population lacked electricity.3 This
populationis related to low-income familie_which may have an illegal connection to the service.

Two wholly owned subsidiaries of Petr61eosde Venezuela S.A., PDVSA, MARAVEN and
LAGOVEN, supply fuels to the city. MARAVEN throughFIME (Fundaci6nInstimto Municipal de la

_iiii iiiii iii i *

2PrivatePowerReporter.June1992.A publicationof theOfficeof Energyand Infrastructure.U.S. Agencyfor
InternationalDevelopmenton PrivatePowerActivitiesin DevelopingCountries.

3Accordingto ENELVENinBarrios provistospara electrificaren 1991y 1992.
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Fa_rgfa)4suppliesnaturalgas to partof thecity andtherest is coveredby LAGOVEN throughdistributors
of _ (mainly two companies, Regina Gas and VENGAS). Fuels such as gas-oil, bunker,and natural
gas for electricity generationarefurnished by the same two subsidiariesof PDVSA.

a

Maracalbo is one of thehottestcities in thecountry. Annualaverage temperaturesrangebetween
30 and32 'C with I/vle variationsthroughoutthe year. September,October,andNovember areassociated

• with a higherneed for air conditioningbecause of decreasedwinds (consequentially,higher temperatures
and levels of humidity) duringthese months.

Valencia

Valenciais located 160 kms southwest of Caracasand500 meters above sea level. Ithas the thirdlargest
populationwith i million inhabitantsin 1990 (Table I). More than 40% of the light manufacturing
industryin the countryis centeredwithin Valencia.

All bouscholds are electrified. Two companies supply electricity to the city, the state-owned
Compa/_aAn6nima de Adminisu-aci6ny Fomento El_trico (CADAFE), and the privateElectricidadde
Valencia (ELEVAL). The percentage of illegal connections is approximately 17%, although a high
percentage shares meters. Naturalgas grid infmstn;cmres are not present in Valencia. Ninety-seven
percentof all households are supplied by LPG bottles and 3% by LPG tank._.

Barcelona-Puerto La Cruz

Locatedin the northwestregion of Venezuela, Barcelona is the seventh most populouscity, with a yearly
average temperatureof 26.5 'C (varyingfrom 35 'C in May to 17 'C in December). The imporumceof
oil activities in the 1940s enabledthe developmentof some industrialbranchessuch as food processing,
oil refineries, etc. In the 1970s the city began providing administrativeand commercial services.
Importantinvestments in the tourist industryin the late 1980s made Barcelonamore auxacdveto foreign
visitors. Three nearbyports enhance the area:Puertode Ouan_ Oil l-_n of Guaraguso, and the Ferris
Terminal,which bridgesPuertoLa Cruzwith the island of Margarita,one of themost popular touristspots
in Venezuela.

CADAFE supplies electricity to Barcelona-PuertoLa Cruz. According to the company, 98% of
the population has electricity (29,434 residentialcustomers in 1989). Illegal connections in Barcelona
reached an estimated of 12% by 19897 Gas service (both LPG and NG) is supplied in the city by
CORPOVENthroughTIGASCO. A grid covering approximately27% of the existing populationallows

' UnderthepresentarrangementsMARAVEN,a whollyownedsubsidiaryof PDVSA,suppliesgas freeof
chargeto HME.Theresponsibilityfortheoperationandmaintenanceof the distributionsystemnow restswith this
institute.FIMEis an organizationset up underthe auspicesof the City Councilspecificallyto managethe

' distributionof gas todomesticandsmallindustrial/commercialuserswithinthe city.

s Accordingto the surveyappliedby the local municipalityin orderto developthe "Localplanfor urban
developmentforBarcelona-PuextoLaCruz,"in 1987.
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the dim'ibutionof naturalgas? LI_ is also distributedin bottlu or _ by a mtU numberof
distributorsin _ city.

Mih'tda

Located 1500 meters above sea level in the Arg/es MountalnJ, Merida's traditionaldm'_ter andcold
climateattracttourism_ yearround. In addition,20% of thecity's 268,270inhabitantsareuniversity
students (around40,000 people), andMdrida'suniversity_tntctut_ are spread circle. The annual
average temperatureis 18,7 'C, with Januarybeing the coolest month averaging 17.4 _ lnd Selxember
the warmest with 19.4 'C.

CADAFE supplies electricity u3 the city of Mdflda _ugh two main generating plants, the
hydn3electriccentralJos_AntonioP/ez in SantoDomingo andthe thermoelectricalternativesource tn [A
Frfa. Thereis no naturalgas grid infrastructurein Mdrida;LI_ is supplied by COP,J__ througha
numberof large and small distrtbuton within the city.

2.2 The Survey Households: Soclo.Eeonomlc Characteristics

In the last 30 years,Venezuela has been transformedinto a mostly urbanizedcountry. By 1990, 85% of
the populationlived in urbanareas. This transitionwas broughtaboutby harvesting the revenuesof oil
export activities, Likewise, oil activities hastened t_ transition toward the useof modem fuels in
Venezuela's urbanhouseholds.

Venezuela's capitalcity, Caracas,absodyedthe l_e_t shareof the nation's public investmentin
infrastructure. In the last 30 years the city's infrastrucWrewas redevelopedto build freeways, develop
public housing projects, and construct the first metro s',¢stemin the country. Modem fuels were made
readilyaccessible to Caracas'spopulation throughthe developmentof a naturalgas grid, Electricity was
made accessible to even the poorest sectors within the ctt.y.

With less modifications to the traditionalstructureof their cities, Maracaibo,Valencia, M_rida,
and BarcelonaPueno-La Cruzhave experienced a differenturbantransition. A large proportionof the
traditional types of dwellings remain in each of the four cities and new develol_nents follow the
predominantpattern of mixed single-family dwelling structuresmixed with local commercial activities.

Single-family dwellings are the most commonly developed structurein the four surveyedcities.
Traditionalhouses consist of hails surroundingan open centralpatioandrooms with highceilings andtall
windows. The buildings incorporatelight materials (asbestos, wood, adobe, etc.) into their design, thus
allowing naturalventilation even duringthe hotterand most humid months of the year.

The newertype of urbansingle-family dweUtngsbringsa differentdesignthatleaves fewer, if any,
open areas in the structureand uses more rigid materials, thus requiting the use of a largernumber of
artificialdevices for illumination andventilation.

Moreover, as cities evolve toward modem stages of physical development, they have abandoned
the importanceof trees andopen space. Such a lack of greenery andspacecan contributeto exacerbating

s Accordingto TIGASCO.
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flws_,_ed heatislandeffect?

_Id size andIncome level have Impactson energy use. Informationon income, household
, Sln _ ed_on help explain why households choose certainfuels, why they use certainamountsof

e_W, andwhy_y _rc,ha_ certaint_ ofappliances.Inparticular, changesinhouseholdincomes
and_ _p explain the type and amountof fuel andelectricity used in surveyed households.

As _r_d in Table 2, average income is slightly higher in Caracasthan in the other cities.
1__ in _s of purchasingpower parity(reference6), the averageincome of Ca,'acas'shouseholds
is _ twice as high as the average level in M_rida. A high me of inflation(40% in 1990) devalues
even I_,ml_rthe _y low average income of the Venezuelan population.

Considering the number of minimum wage earners in 1990, Caracas's low-income families
receivedoctaven_ two minimum wages, whereas in the other cities' low-income families received one
minimum wqe. Low.income fanilies in l_aracaiboand Valencia are worse off thanthose in other cities.
lr_ distributionis more equitablein Maracalbo,M_rida,andBarcelona,where averageincome in the
hl_ quintile t8 about three times thatin the lowest quintile. The ratio is eleven to one and seven to

in _ and Valencia respectively.

House_ld size effects the amount of energy used within the household. In all surveyed cities,
household sizes decreased at higher income categories. It is expected that a higher numberof household
members would affect the amountof energy use in the dwelling. However, similar studies (Schipper,
1989) have reportedthat high levels of saturationof electric appliances within high-income households
may cancel the net reductionin energy consumptionattributableto smaller family sizes.

As presentedin Table 3, average householdsizes aremarkedlydistinctamong the surveyedcities,
ranging from 4.6 in Valencia and M_rida,to 5.4in Maracaibo and 6.1 in Barcelona. Barcelonashows
the highest numberof personsper householdfor almost all income levels. This may be associated with
the more traditionaland ruralmode of life stiUpresent in Barcelona's social structures.

AS a result of poor income distributionand mobility in Maracaibo and Barcelona, income
dec_ with the growth of householdsizes, thus demonstratingthatmost householdsin these two cities
face more stagnanteconomic circumstancesthanin the othercities.

InCaracas,Valencia,and M_rida,householdsizes varyliv,le amongmid/low-,mid/high-andhigh-
level income categories, contraryto the belief that the higherthe income, the lowerthe numberof persons

7The potentialof treesandothervegetationtoreducebuildingcoolingloadshasbeenrecordedin a numberof
studies(see H, Akbariet al., 1989).

s Severalfactorshelpto explainthehighnumberof personsin Barcelonahouseholds.Theymaybe linkedto
' a strongprese.,_'.,eof traditionalvalueswithinBarcelona'ssocietyproratedby the CatholicChurch.Forinstance,

theroteof womeninsocietyis def'medby motherhood.Younggirlsoftenhaveno otheroptionsto marriage,such
as highereducationor careers,so they marryveryearly.Earlymarriageandmotherhoodpromptwomento have

' morethanone child.Extendedfamilieslivingtogetherarecommonand,amonglow-incomehouseholds,even the
rule.
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per household. This lack of variation is probably linked to the fact that the traditional culture emphasizes

closeness of family members and it is considered a positive trait in Venezuelan society. Poverty among

the lower and middle classes also causes families to share living quarters.
6

Table 2. Monthly Households Incomes

i, i ,ll i, , - ,i

Household Income Level
.... ,,,, , , ,, ,

Low Mid/[x)w-Leve] Mid/]-figh-Leve] High-Level Average

Monthly income (US$)'

Caracas 362 564 1092 2103 545

Maracaibo 186 266 482 504 329

Valencia 196 408 508 1411 412

M6.,'ida 238 265 303 521 294

Barcelona 254 342 392 786 360

Monthly income (ppp)t,

Caracas 517 806 1560 3004 779

Maracaibo 266 380 689 720 470

Valencia 280 583 726 2016 589

M_,vida 340 379 433 744 420

Barcelona 363 489 560 1123 514

Number of minimum wage earners c

Caracas 2.0 3.1 6.0 11.6 3.0

Maracaibo 1.0 15 2.7 2.8 1.8

Valencia 1.1 2.2 2.8 7.8 2.3

M6.rida 1.3 1.5 1.7 2.9 1.6

Barcelona 1.4 1.9 2.1 4.4 2.0

Percentages of households in different income groups

Caracas 46 46 n/a 8

Maracaibo 11 56 26 7

Valencia 16 59 23 2

M_'rida 12 49 31 8

Barcelona 21 62 10 7

• Exchange rate 199_. 50 bolivares per U.S. dollar according to International Financial Statistics Yearbook, 1991.
b Bitted on reference Summers, B., Heston. 1990 PPP/U.S.$ ratio= 0.7

"Minimum wage in mid-1990 estimated in 6.07 SU.S./day
• n/a= not applk_ble
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Table 3. Household Sizes (Persons/Household)

Income Levels
i,ll , i,,i i i i i i ,,

Low Mid/Low Mid/High High Average
i i i i i ira, --

Caracas 5.4 4.4 4.9 4.6 4.7

Maracaibo 6.0 5.7 4.7 4.6 5.4

Valencia 5.2 43 4.4 5.4 4.6

M_rida 5.7 4.7 4.2 4.6 4.6

Barcelona 6.2 6.3 5.9 5.0 6.1

M_rida'saveragenumberofpersonsper householdisrelatively similarto thatinCaracas.This
might be associated to the role of M_flda in providing services such as higher education, where almost
20% of its total populationare university students.

3. Energy Use for Cooking and Water Heating

Cooking is the primary residential energy activity in Venezuela. Water heating tends to be intertwined
with cooking, which makes it difficult to disaggregate the mount of energy use for either purpose. The
following sections identify the types of fuels used to satisfy each end use, the cost of these fuels, and the
amount of energy consumed by the major end-use activities.

3.1 Fuel Availability and Cost

As is the case in Caracas,the energy transitionin the four cities has already taken place. However,the
survey found that in Maracaibo, the use of modem fuels is coupled with a significant utilization of
kerosene and fuelwood as secondary options for cooking.

LPG bottles or LI_ tanks, natural gas, kerosene, and charcoalarethe main fuels available in all
urban areas studied. LPG is available practically everywhere. PDVSA's subsidiaries, CORPOVEN,
MARAVEN, and LAGOVEN, are in charge of supplying LPG to the main distributors in each city.
is distributed in bottles of different weights, ranging from 8 to 45 kilograms. LI_ can also be distributed
in tanks, although mainly for apartment buildings and high-income households. Valencia and M6rida's
households use LPG exclusively, since natural gas is not available.

Three cities have a natural gas distribution infrastructure: Caracas, Maracaibo, and Barcelona. The
installation of a natural gas grid in Matacaiho and Barcelona occurred as a consequence of oil
development in their regions. Maracaibo has an extensive but poorly maintained natural gas distribution
system. Maracaibo's original system was installed in 1937 by Shell, which provided the gas free of charge

' to users within the city. During subsequent years, the system was expanded to its present size of 2500
to 3000 kin, but much of the 1937 distribution system is still in use. A large quantity of natural gas is
leaking from the low- and medium-pressure components of the system. The city is currently consuming

" between 50 and 60 million standard cubic feet a day (MMSCFD) on its residential grid alone. This figure
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implies that each household is using around 300 SCFD (as compared to a level of about 32
SCFD_hold in Caracas, which has a newer distribution system).

While there are some differences in climatic conditions (Maracaibo is about 30 C in the summer
compared to 21_ in Caracas and uses of gas (gas-powered air conditioners are used to some degree in
Maracaibo), there is nothing unique to Maracaibo that would account for a lO-fold increase in gas intensity
perhousehold.

A combinationof economic,institutional,and technologicalfactorshave perpetuatexlthis
inefficient distribution of gas. Estimates done by FIME and PDVSA, the gas-distribution organizations,
suggest that up to 46 MMSCF leak per day. In terms of radiative forcing, this leak rate over the course
of a year releases the equivalent of about 6.8 MT CO2, or 10% of Venezuela's total energy-related carbon
dioxide emissions in 1990.9

Table 4. Fuel Prices' per Gigajoule (GJ)

,..................... , ,,, ,, ., i llu i.,H, H,,, i i i

NaturalGas_ LPG Electricity_

1988

BIs/GJ 28.7 54.3 183

U.S.$/GJ 0.57 1,09 3.6

1990

BIs/GJ 5"/.47 154.3 744

U.S.$/GJ 1,.14 3.1 14.9

'I U,S.$ = 50 bolivares in 1990

*Re_g mma,al gas, utilities bill residential customers according to a single fixed value and a prede_rled unit consumption related
to two ctlagories: almmnents (25-30 riP/too, equivalettt to 14 GJ/hh/yr) and house, (75 m3h_ao,equivalent to 40 GJ/hh/yr).
"Nationalaverageprice

Table 4 presents the changes in fuel prices that have occurred in 1988 and 1990 on a dollar per
gigajouie basis. The prices roughly apply to all cities in the country. Between 1988 and 1990 there was
a .3(19%increase in the price of LI_ and a 200% increase in the price of natural gas. There is a
substantial price difference between the two fuels. The price of natural gas is 2.7 times lower than the
price of I2G. Natural gas prices are extremely low, even by Venezuelan standards. Moreover, it is a flat
rate change. Changing the fuel-pricing tariff structure is particularly problematic in Venezuela for two

i ii ,llml|lli i i, i

9 During 1993 the Venezuelangovernment introduceda request for fundingto the United Nations Development
Program,Global EnvironmentalFacility (GEF), for a project to reduce methane leaks in the Maracaibonaturalgas
distribution network. The proposal received approval from GEF and is now in the process to be implemented. The
participant agencies in Venezuela are the Ministry of Energy and Mines, Petr61eos de Venezuela, S.A., (PDVSA),
MARAVEN (PDVSA subsidiary), Ministry of Environment and Natural Resources, The government of the state of
Zulia and the municipality of Maracaibo.
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reasons: first, consumers are unlikely to supporthigher prices in advance of improvementsto the grid.
Utilities would find it difficult to invest first and raise rates later because, although the returnson the
investment would be attractive,they would be less than the currentinterest rate(40%) in Venezuela.

Second, the capital and operating costs associated with metering programs in operation in
developed countriesmake them a poor model for a programto introducemetering in urbaz_households

. in Venezuela. Consequently,there is some concern aboutproceeding with a pay-for-use tariff structure
in advance of some notion of the trade-offbetween operatingcosts (e.g., those associated with frequency
of readingandthenumberof meters read) andbenefits in terms of incentives for efficient use of energy.

3.2 Fuel Choices for Cooking and Water Heating

The transitionto the use of modem fuels for cooking andwater heating in urbancities in Venezuela is
completed. Various factorsaffected the _ at which the transitionsoccurred:the availabilityof fuels,
governmentenergy policies oriented to the provision of cheap energy to all sectors of the population,
improved income levels, and the influenceof modem urbanactivities on household patterns.

Table $. Delivered Fuel Shares (Excluding Electricity)' by Income (%)

i I iii ii lli i illllii iii . i ii iii i i llllmllllll i ii iiiiiiill ii i IIII --

City LPG NaturalGas Kerosene Otherb
- nnil i i i innlll nln i|| i llllllll i ii inlll i

Mara_
Low income 60 40 23 27
Mid-low 33 67 8 12
Mid.high 2 98 3 2
Highincome 6 94 8 0
Valencia
Low income 96 0 4 0
Mid-low I00 0 0 0
Mid.high I00 0 0 0
Highincome 93 0 0 0
M_rkia
Low income 100 0 0 0
Mid-low 100 0 1 0

Mid.high I00 O 0 0
High income 100 0 0 0
Barcelona
Low income 98 O 0 0
Mid-low 83 16 0 0

Mid-high 70 30 0 0
Highincome 56 38 0 0

i i ii i i IIlll II I I III II NIII I IIIIII II II I I

tThese numben representthe percentageof householdsreportingfuel use.
t"Other"mainly refers to the use of fuelwood for cooking.

t

*National gas distributiongridin city
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Survey results show that kerosene use has declined to insignificantlevels in all of the survey cities.
Kerosene and coal use were detected in a significant proportiononly in Maracaibo's low-income
households (Table 5). The use of these two fuels in Matacaibo's low-income households was reported
mostly as a secondaryfuel for cooking andwaterheating.

Where available,households prefer naturalgas, as is shownby the highpercentageof households using
this fuel across income levels in Caracas,Maracaibo,and Barcelona,where distributiongrids arepresent.
The availability of fuels affects an urbanhousehold's choice of fuels for cooking and water heating.

Table 6 shows the percentage of householdsin the four cities using each type of fuel for cooking.

The percentageof piped gas is higherin mid/high, and mid/low.income households in all cities. Piped
gas has a widerpresence in multi-family dwellings, The high percentageof multi-family or multi-story
structuresamong mid/high- and mid/low-income categoriescontributesto this result. Also, the fact that
the institutionpay for connectioncosts in multi.familydwellings -- as opposed to individuals bearingthe
cost in single-family dwellings --- reinforcesthis results.

LPG is the fuel of choice of low-income householdsin all cities except Maracaibo,where a significant
40% use naturalgas. This is explained by the fact that most low-income areas comprise barrios de

i ranchos, spontaneous developments on municipal and privatelyowned lands. The fact that these areas
might be subject to eviction prevented the utilities from extending the grid coverage toward them.

Electricity accounts for a significant shareof the cooking energy mix for high-income families in all
cities. This is not surprisingsince electric stoves are advertisedas modem devices that confer a better
social status on the family. More luxuriousmodels of electric stove are offered than gas stoves. In
Caracas,the use of electricity for cooking is relevant in all income levels.

The patternsof cooking and the types of food preparedvary little among the cities. In all four cities,
the majorityof households surveyed indicated that most members ate at least two meals a day in the
house. Commercialfoods, fast foods, streetvendors, and restaurantsare regardedas a secondaryoption,
although atleast in Caracas,trafficcongestion and otherdifficulties are forcing thepopulation to _ it their
foodhabits.

3.3 Fuel Choices for WaterHeating

The practice of heating water for bathing and laundry is very common in Venezuela's cultural
tradition, as reflected in all surveyed cities.TMBecause water heating tends to be intertwined with
cooking, households are driven to use the same fuel for either purpose, thus making unit
consumption difficult to obtain.

10One of themostcommonroutinesforb_hing whiteclothesin Venezuelanhouseholdsconsistof steeping
theclot_ in soapyboilingwaterforseveralminutes. Unitconsumptionrelawalto thispracticeis verydifficultto
estimate.
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Table 6. Percentage of Households Using Each Fuel for Cooking

IIHI __J I I1 ..... I IHfin "_ I I IIII IIIll I IIIiJtIIt IS I ............ SiltsI I

City Piped gas + Cylinders Natural Gas Electricity Kerosene

Caracas

Low income 98 0 i 2

Mid-low 25 65 10 0

Mid-high 29 44 27 0

High SO 17 _ 0

Average 59 33 7 1

Mm,adbo

Low income 60 40 0 13

Mid-low 33 67 0.3 0.6

Mid-high 2 98 3 0

High 8 94 0 0

Average 27 74 0,8 2

V,iImuda

Low income 96 0 0 5

Mid-low 100 0 3 0

Mid-high 100 0 4 0

High 93 0 15 0

Average 99 0 3 1

M#rida

Low income 100 0 8 0

Mid-low 100 0 1 0

Mid-high 100 0 0 0

High IO0 0 0 0

Average 100 0 2 0

Barcelona

LOw income 98 0 0 0

Mid-low 83 16 1 0

Mid-high 70 30 2 0

High 56 37 6 0

Average 83 15 2 0
III II I .... I IIIIIIIH ...... I II I II IIII I IIII • I I I I I IIII __ III III ..... I ---.
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Fuel choice for waterheating is directly connected to family income. A farlarger numberof upper-
income households rely on electricity for water heating than for cooking in Caracas, Valencia, and
Barcelona(Table 7),

In Mcrida, households rely on gas as their main water.heatingsource. This fact also corre,_xmdto a
higher presence of gas water-heatingdevices in M_rida'smarketthan in the other surveyedcities. The
importationof devi_ from nearby Colombian markets is probably one of the reasons for such an
occurrence.

In Maracaibo the amount of people heatingwater for different purposes is smaller than in the other
cities, probably due to the hot climate in this city.

4. Electricity Use for Lighting and Appliances

In recent years,electricity demandhas increasedrapidlyin all the surveyed cities. Higher saturationof
appliances and more intensive lighting have spurred this growth. The total demand for household
electricity depends on theunit electricityconsumptionof majorelectric appliances, applianceownership,
and usage patterns. This section examines the availability and price of electricity in the survey cities;
reports on the saturationof electricity end-use lighting, television, refrigerators, water heaters, air
conditioners, and washing machines; and analyzes the total amount of electricity consumed by the
surveyed households.

4.1 Electricity Availability and Cost

In the four surveyed cities, nearly all households had an electricity connection. While most of the
ho,tseholds receive their electricity supplies directly from the utility companies, there is a significant
namberof illegal connections in all fourcities, most of which are low-income households. The proportion
ranged from 17% in Valencia andCaracasto 12% in Baw,elona.

i Altering a meter's wading is a common practice for which estimates are impossible to gather or
calculate. The quality of the energy supplies varies among cities and income categories within cities.
Poweroutages occur Occasionallyin the fourcities; however,they were markedlyreportedby low-income
households across cities andmost probablycaused by the great numberof illegal connections.

The level of non-meteredhouseholds registered from the survey was small in all cities. Non-metered
households were mostly reported as sharedmeters rather thanas households without the service.

In Caracas(EI,ECAR)and Maracaiho(ENELVEN),currentelectricity tariffstructureshave a pyramid
shape. Low. to mid-rangecustomers(usingbetween 130 and300 k_o) pay the highest prices; lower
andhigher consumption levels paylower prices. Electricityuse beyond I000 kWh/rot is priced44% less
than in the low- to mid-range, in the case of Caracas, for instance, mid-rangeconsumers (around300
kWh/mo) pay the highest average priceforelectricity, while users at the high end (around 2000 kWh/mo)
pay an average price 26% lower (Figure 1).
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Table 7. Percentase of Households Using Each Fuel for Water Heating"

i ,ll ill i ,i " i i i,,,,,ilJ i,,ll ill ll,,i .... . ............................................

City Piped gas + Cylinders NaturalGas Electricity
. _ ,,H a .................. __ ...................

CarlcaP
Low income 0 0 5

s

Mid-low 0 0 60

Mid-high 0 5 75

High 0 13 90

Matacalbo

Low income 32 21 0

Mid-low 18 37 1

Mid-high 1 46 14

High 3 29 6
Valenda

Low income 25 0 0

Mid-low 11 0 29

Mid-high 12 0 63

_ 5 0 66
M_.rida

Low income 75 0 0

Mid-low 42 0 17

Mid-high 51 0 11

High 22 o o
Barcelona

Low income 92 0 0

Mid-low 72 14 7

Mid-high 56 26 33

_h 48 32
_ i __ iJ _., i11 __ - __. - ___ "....... i _.... i1_iI _- .... - iii i

"TMwflBxwmmprss_t thetype ot fuel households use forwaterheating and do not reflecttheownmhlp of specificwitm'.hutin 8
devices (see Table10),

, _aracsshouseholdsalsouseLPG bottlestoheatwater;however,theshareofitsusewasdifficulttodefineinthesurvey.
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This practice also occurs in Mara_W, where all low.income surveyed famiUes have a level of
ek_ricity consumpaon in the low- to mid-rangeorder (between 131 and 500 kWh/too,higher thanthe
100 KW'n_o rangepertinentto social tariff),andthus pay morebolivarsperkllow_-hour than mid. and

. high.income families (Fi_ 2).

In Valencia, Barcelona, and Mdrtda, CADAFE and ELEVAL have inverted electric tariffs.
, residentialelectricitytariffincreases from0.35 Bolivars/kWhforconsumptionlevels below 150 kWh per

month to 0.99 Bolivars/kWhfor consumptionlevels above 150 kWh per month (Figure 3).

4.2 Lllhtl_

The high level of electrificationin all surveyed cities andthe advantales of electricity's quality andcost
ensureits preferreduse forlighting in all urbanareal. Householdspredominantlyuse incandescentbulbs,
as shown in Table 8. Fluorescentbulbs are used in a lesser proportionacross income categories in all
cities.

The penetrationof fluorescents increases with income. Low-income families in all fourcities reported
a minimal use of fluores_nts. This result suggests that the initial cost of the tubes prevents their
purchase.

The averaie numberof bulbsper householdin the fourcities varies from 16 to 21 perhousehold. This
is a higher numbercomparedto Caracas's average of 11 light points. The large proportionof single.
family dwellings might be the driving factor for these results.

_ ........ ---- -- [__ - .......... II -_- ___T ................ IIIIllll I ....... _ I iii II L Ill

Average Prloe Bs/Kwh
1.2 ..... ..... _ -- ------- ........................

m..,....... , ..,..... ,.. • ........... • . .,, .... • ...,. • , .......,...,,,.,.. • .
Illl Ill L

0.8 ..................................

0°8 ..................................

0.4 ..................................

0.20
Ele_Srlolty Ulie (k_)/mS_tl_'/dweillng)

II"ll [ll!llll .... . ....... ] .I _ Illlllll . - ........... II lillll I I I --- II ,llll I I D---. Figure 3. Residential Electricity Tariff Structure-- Valencia, B_lona, M_rida (CA AFE);
Valencia (ELEVAL)
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Table 8. Percent of Households with Incandescent and Fluorescent Bulbs

......................... 11 r ............ _ ........ __ Ilrllmllllll I I Illll I ...... I ......... I IIIIIIII............... II IIIIll .... IIIIIIIII I

IncomeLevel

ci__r [._nl , _ ................. High Mid-High Mid-Low low A v_age

CUIcM

Incandescent 97 95 96 95 94

Fluorescent 37 46 27 22 26

Lightpoints/dwe. 32 33 10 8 11

Marac_bo

Incandescent 83 88 78 83 82

Fluorescent 58 20 25 3 23

Lightpoints/dwe. 24 22 17 7 17

Valencia

In_escent 100 90 95 99 94

Fluorescent 25 10 8 0 7

Lightpoints/dwe. 57 28 22 9 21

M_rida

Incandescent 89 82 86 92 86

Fluorescent 28 15 23 0 18

Lightpoints/dwe. 17 17 15 8 15

Barcelona

Incand_t 88 93 91 95 92

Fluorescent 0 10 26 2 18

Lishtpoints/dwe, 31 19 16 12 16

4.3 Electrk Appliances

Afwr households obtain lighting, televisions sets, irons, and fans tend to be among the first appliances
purchased. Refrigeratorsare next in line, followed by an arrayof otherminorappliances(a blenderis the
most commonly found among the cities surveyed). Washing machines,waterheaters, andairconditioners
follow dependingon income level and climate conditions.

4.4 Television Sets

The penetration of television sets typically increases along with income (Table 9). Ownershipof color
television does not vary much among the mid/low-, mid/high., and hlgh-income categories in all cities.
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Table 9. Percent of Households with Television Sets

_-- J_J _-- u_ .............. _ ..... __ _-- I /J '- . i_ll I _[I IIII _ liE j illlill I llllil it L{ I __

Income level
t i ,llnlmlmrl

City Hlsh Mid- Mid- Low Averase
High Low

__ 7-- _1 ............. IIII _- __ -- _ .......... III ---- __ IIIII I IIIfll II I IIII I H I

' Maraealbo

Black& white 20 23 33 48 31

Color 91 92 76 52 78

Valencia

Black & white 18 15 15 36 18

Color 98 93 85 45 81

Mdrida

Black& white 33 12 32 42 27

Color 100 78 76 67 77
i

Barcelona

Black & white 6 21 17 56 25

Color 94 79 83 44
lille _'_'" . __ -- IIIl[llllllllt] _ I I I I1! IIr _- IIIIIII " I[ I I I IIIII I ...... I I ........ IIIIII IIII II I I II I III JII _

4..5 Refrigerators

Consumersin Venezuela tend to purchase large refrigerators.A high percentageof the surveyed houses
in all ct0es owned two-door,manualor frost-freemodels with volumes of more than 15cubic feet in size
(the percentage of ownership of this type of refrigeratorts 64.9% in Valencia, 56% Maracalbo, 41%
Barcelona, and 40% in M6rida). infrequentshopping makes a refrigeratornecessary for food storage.
The pntaticeof maintainingcold drinkablewaterin the refrigeratorIs also widespread andmight be linked
to the higher ownership of refrigeratorseven among low-income families (Table I0).

The type of refrigeratorvaries considerablyamong income levels. Single-door, manual defrost type
refrigeratorsconstitute the more common option for low-income families in all cities (63% Maracalbo,
32% Valencia, 61% Barcelona, and 50% in M_rida).

The survey results also obtained informationon second.hand refrigerators. The percentage of used
refrigeratorsincreasesfor low-incomehouseholds. Whilealmostall high-income households reportednew
refrigerators, the percentage of used refrigerators in low-income households varied from 50% in
Maracaibo,33% in Valencia, and 20% in Barcelonato less than 1% in Mddda.
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Table10. Percent of HouseholdswlthRefriseraton andEle_dc Wat_ Heaters

" - [ _ II II ifllli111 ,r,,,rli ............. _] 1 ...... JR .... I I IIIIII .....; __; --- -_ 7-- " __ --_- ___ .... .. --- UIIJ[...... .......... =..]

Level
I I I II IlFJll L_ .... !lintel j -'_ I I IIII II II III IIII III _ 1111111 I ....... ...............................

Cir.,,, l-iigh Mld-l_h lVfld.Law Low Avem_
.............. Ilfll .............. j_ ................... f "1 I ' I ] i II !111

Refriserators

Caracas 100 100 99 91 95

_bo 100 99 90 53 89
f

i Valencia !00 100 99 79 96

M_ 100 98 99 83 97

Barcelona 100 95 94 78 91

Electricwaterbeaters

Caracas 93 83 61 5 37

_bo 3 12 .3 0 4

Valencia 66 63 29 0 33

M6rida' 0 11 17 0 12

Barcelona 38 33 7 0 10
IIIII I It ;-- __ - iiiiiiiiii II I I I ! " -- _ _ -- llllllll ! IIIIIII [11 _- IIIIIII [ ...... LL - " _ I IINI Illll rlI!I!L" _ ii

' Thepr--,omtofhijh.tnmmehouudm_ustnl8u wmerhuan tnMJrldai_very_ _l183'1, oom:wytotheetlmr_ w_ _ wtw
heronwm tean_tJydetectedthreushthesurvey,

4.6 Electric Water Heaters

In all the cities surveyed, heating water for bathing is a common pract/ce, Bec,s_ of a housel_d's
8enerallylow income, cop.semen tendnot to purchasewater-he--rilldevices. In the four cities surveyed,
the averagepenetraUonis low, reachinll33% in Valencia, 10% it, Barcelona, andonly 4% in Martr_bo
(Table 10). Ownersl',ipincreasesalong with income. While weberhe_rs are non-existent tmonll low.
income families in all cities, they are presentin 6 of every I0 Idgh.income families in Valencia.

The situaulonin Canc_..sandMl!ridais distinct from that in the other cities. Thirty4even percent of
all households have ele¢_-ic water heatersin Caracas,and at high.income levels, half of all households
are equipped with two electric water heaters.

In M(_rida,a 12% avemlle ownershipof electric waterheaters, alon8 with an importantpenetrat/onof
gas waterheatersrangingfrom 83% at high-incomehouseholdsto 32% amongmidAow-inc_me, leads to
the hilhesl average penetration of water.heatln8devices, 52%, of tU the cities surveyed,_ Still, low.
income households in Mdridareportedno ownershipofwater-heatingdevices. This resultsuggests that
the two majorfactors driving the penetrationof water heatersare income levels and climate conditions.

"Owne_p of gas waterheaterswasnotdetectedin Valencia,Bar_lona andMm'acaibo.
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The surveys revealeda significantdiffcrenc_ betweenthe penetrationof waterheatersin Valencia and
Barcelona. Climatic conditions do not account for this variation. Barcelona, with essentially the same
climate as Valencia,has farfewerelectric waterheaters. That Barcelonais a less modernizedcity appears

, to influence the penetrationof water heaters. As income rises and as residents attempt to emulate the
lifestyles of their large-city neighbors,water heaters are likely to gain popularityalso in Barcelona.

, F2ectric resistance storage-typewater heaters almost completely capture the marketin Caracas and
Valencia, primarily because of their convenience. The use of instant electric showers, which are
commonly found in Brazil, is negligent in all cities surveyed. The popular perception of risk when
electricity and watermix in a single device appearsto prevent'their use.

4.7 Room Air Conditioners and Fans

Tbe penetrationof room air conditioners is highly related to climate conditions in the surveyed cities.
While room air conditioners and fans are rarely found in Caracas and M_dda, their penetration is
widespread in Maracaibo,Valencia, and Barcelona.

In Maracaibo, Valencia and Barcelona, the penetrationof cooling devices corresponds closely with
income levels (Table 11). High-income householdsin these three cities show the greatestpenewation of
airconditioners. The penetrationof fa_s does not appearto dependon income, remaininghigh throughout
all income categories. Low-income households in all cities surveyed, except M6rida,commonly own
electric fans but rarely use airconditioners.

Table 11. Percent of Households with Air Conditioning

IncomeLevel

City High Mid-High Mid- Low Average
Low

, , i, i,, i,,,,,, ,, H -- , ,,

Air Conditioning

Caracas 7 12 1 0 1

Maracaibo 60 36 23 0 26

Valencia 67 16 5 0 8

M_rida 0 0 0 0 0

Barcelona 81 38 11 5 17

ElectricFans

Caracas 27 49 17 28 24

Maracaibo 97 99 98 80 96

Valencia 63 69 80 71 75

M_rida 0 0 0 0 0
b

Barcelona 50 85 88 90 85
_ ,,101 ,i,,,i
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Among the factors that might have a significant influence on the high penetrationof air conditioning
in Maracaibo, Valencia, and Barcelona are the housing design, the construction materials, and the
constructionpractices for building houses. Air-conditioner ownershipcorrelates highly with concrete
homes, largely because these homes are much more difficult to ventilate thanhouses built of light wood
or other materials.12

Concreteconstructionis common in Venezuela. Even inthe barrios de ranchos the dominantlandscape
is one of ratherlarge, solid houses built with industriallyproducedmaterials,with concrete-surfacedroads
and basic services. Small average room sizes and low average roof heights may also predispose
households to higher levels of artificialventilationandcooling. Finally, inappropriateinstallationof room
air conditioners and lack of maintenance possibly account for a portion of the higher use of electricity
attributableto this purpose.

4.8 Washing and Drying Machines
I

In Venezuel,a,new buildings, houses for rent,andapartmentbuildingsdo not ordinarilyprovide laundry
facilities to the prospective owners/occupants. Every family has to either procure its own device, use
public facilities, or hand-wash clothes. At the same time clean and very well-ironed clothes are highly
prized in Venezuela. For these reasons, a washing machine is often one of the primary appliance
purchases.

The penetrationof clothes washersand dryingmachines in Venezuelais closely relatedto income level.
In all cities surveyed, the averagepenetrationof washing machines is more than 55%, reachingsaturation
amonghigh-income households in Caracas,Valencia,andBarcelona. The penetrationof dryingmachines
is fairly low andmostly driven by income (Table 12).

Despite of the high saturationlevels of washing machines in all cities, the energy consumptionexpected
for this end use is not relevant since washing machines in Venezuela do not include automatic water
heaters.Connectingthe washingmachine to a hot waterfaucet in the house is generally done forhot water
washes.

Culturalappreciationof cleanliness makes clothes-washing patternsvery demanding (and still today,
a difficult task for women despite of the use of washing machines). More than half of all households in
Maracaiboreportedownership of at least one wringerwasher._3Within low-income households the share
was 100%. The regardof automatic washing machines as less convenientbecause the durationof the wash
cycle cannot be controled may explain such a high percentage. A similar patternwas detected for the
other four cities; however, among high-income households, automatic clothes washer were the most
commonly found model.

12Tyler, S. 1991. UrbanHouseholdEnergyUse in Thailand.PhD. Thesis. Energy and ResourceGroup.
Universityof California.Berkeley.

13Is an oldelectric modelof washerwhichagitatescontinuouslyandhas a miler.
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Table 12. Percent of Households with Washing and Drying Machine

......... i i iiii ......... i iiiiiii - _ [ IIllll _ - __ _d .... i

Income Level
_, - ....................... _ - _ -- i i, i i im l ........... - ...............

City High Mid-High Mid-Low Low Average
_1 i.iiii ii Ull ii ill L -- iiiii i ii _ i Ii if ...... ..................... _ --

Washing machines

Caracas 100 93 88 49 70

Maracaibo 81 84 57 23 62

Valencia 100 90 79 29 74

M(_rida 89 56 59 17 55

Barcelona 100 82 66 29 62

Dryers

Caracas 77 39 19 1 14

Maracaibo 6 20 2 0 7

Valencia 90 26 14 0 16

M_rida 6 2 1 0 2

Barcelona 44 20 5 0 8
IIll _ - [iiii iii ii -- -- r-. llililI ...... -- _ --. -- ._- illllllli i illl _ iii .......

4.9 Household Electricity Consumption

Electricity consumption data were often difficult to obtain because the distributionauthoritieswere
unwilling to provide them. The levels of electricity consumption presented in this report are those
obtaineddirectlyfrom thesurvey in each city. Researchersobtainedelectricity consumptiondatadirectly
from the informationreportedin the customerbill. When this informationwas unavailable, researchers
estimatedelectricityconsmnptionaccordingto reportedmonthlyexpenditureson electricity usingthe tariff
in effect at the time of the survey.14

Table 13 shows the increasesin electricityconsumptionwithincome level foreach city. In each of the
surveyed cities, consumptionincreases at higherincome brackets. Variations in electricity consumption
amongthe cities correspondwith levels of applianceownershipand frequencyof appliance use.

Low-income households across cities had a similaraveragelevel of consumption,except for Barcelona
and Maracaibo. The sharpestvariations in electricity use among income categories occur in Valencia,
Maracaibo,and Caracas;variations remainfar less extreme in M_rida,probablybecause of a more even
penetrationof appliances in this city.

,--,, _

14Applianceconsumptionestimatesfromregressionanalysiswereavailableforthecase of Caracas.Thesame
statisticalestimateswill be reproducedforthe fourcitiesin a follow-upreport.
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Table 13. Household Electricity Consumption (kWh/yenr/household)

_;;_ _ -.... i IH £ ...... t_ JC H .... rail _ .... ._._ irllrll . u iii I !rl/lll irlll irlU __ I1_1 ___ -- ......... L_ I

Income Level
- ..... _ lllllllll __ lllllll _ Ill " lllll lllll __ !l,ll J ..... i [ l _; ....... _ " : _" ,mill /b

City High Mid-high Mid-low Low Average

Caracas 11534 11534 3658 1747 3520
¢

Index_ 6.6 6.6 2.1 1

Maracaibo 19775 "t3996 7161 2509 9285
Index 7.8 5.5 2.8 1

Valencia 13694 6006 6560 1332 5699
Index 10.2 4.5 4.9 1

M_rida 3970 2430 2081 1218 2237
Index 3.2 1,9 1.7 1

Barcelona 13061 9016 5580 3709 6054
Index 3.5 2,4 1.5 1

o Indexed so thst the Iow-lncome type of dwelling, ranchos, ire g/vesi the value "I" and the other type of dwell/nil are shown
relative terms.

The average level of electricity consumptionof Maracalho, Valencia,andBarcelonais extremely high,
reaching in Maracaihoalmost three times the average level of Caracas. These differences appearto be
related to the high penetrationof alr-condltioningdevices in the mentioned cities. Even in the case of
M_rida,with its coolerclimate, the averagelevel of electricityconsumptionis veryhigh, following closely
that of Caracas.

The annualelectricity consumptionof an averagehousehold in Maracalbo(9285 k_usehold/year)
appeatea/even greaterthan that of an average house in New Orleans, Louisiana, USA, in 1990 average
of 8942 kWh/year/household:s.

Among the main factors driving these results are first, large and inefficient appliances available in
Venezuela; second, the large proportionof single.family dwellings andthe fact thatthey are builtout of
concretewithoutappropriatenaturalventilationandillumination. Third,poorInstallationandmaintenance
of home equipment. Fourth,as income rises in urbanhouseholds usage patterns turnmore intensive,
reflecting little or no concern for energy savings.

5 Energy Consumption and Expenditures

Table 14shows energyexpendituresas a percentageof total income per household. Even with relatively
low energy prices, Maracaibo'saverageenergy expendituresconstitute an importantpartof total income,
accounting for4% of total privateexpenditure,comparableto figures for OECD cities with greaterspace-
heating needs. This result is explained by the high level of electricity consumption in this city. Low.

_sConsideringthatNewOrleansclimateconditionsate hotandhumidas in Maracaiboduringgreatpartof the
year.Thereferenceswere takenfromthe HouseholdEnergyConsumptionandExpenditures.ResidentialEnergy
ConsumptionSurvey(RECS)for 1990.EnergyInformationAdministration.
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Table 14. Enerl_ Expenditures as a % or Total Inconne per Household

_ -- l,lll ...... i --- , ..... ._ ..... __ . - i Ulllllrll II ..... __ -- _ -- I --- U 1 1111111

Income Level
4 "-,, - .................... ._ - I1_1 Illfl I III lilt if -- -- __ -- i

City High Mid- high Mid-low Low Average
L_ I ......... .__ -- Ull ............. llllll .............................................

Caracu
t

Naturalgas 0,1 0.1 0.3 n.a. 0.3

LI_ 0.3 0.3 0.6 1.2 0.7

Eiectridty 1.4 1.8 1.6 0.7 1.2

Total 1.8 2.2 2.5 1,9 2.2

Maracalbo

Naturalgas 0.2 0.2 03 0,6 0,4

LI_ 1.2 0,6 1.0 1,1 0.9

Electridty 4,7 3,4 3.5 1,8 3.5

Other' 0.0 0.3 0,2 0,9 0.3

Total 6,1 4.5 53 4,4 5.1

Valenda

Natural gas n.a, n.a, n,a. n.a. n.a.

LPC 0.2 0.S 0_ 0,7 0.5

Electricity 1.8 2.0 1,6 0.9 1.7

Total 2.0 2.5 2,1 1,6 2.2

M_idJ

Naturalgas n.a n.a n.a n.a n.a

LPG 0.6 1,1 1.2 1,0 1,1

Electricity 1.5 1.5 1.5 0,9 1.4

Total 2,1 2,6 2,7 1.9 2.5

Barcelona

Naturalgas 0.I 0.2 0.2 0.2 0.2

LPC 0.2 0.6 0,7 0.8 0,6

Electridty 2.5 4.1 2,9 2.5 2.9

Total 2.8 4,9 3,8 3,5 3.7
ILII IIIIII! J -- _ -- i ilil ...... iii i i[i[ i i i i lj i iii! i i i iiiiiiiii i - ii i -- i . - --- i ii _

' R_qn to expend/turufor purchuln8 keroseneand other ame'Ip/fueb (miinly fumlwo(xl)
whichwerereportedin27% of MJr, mibo low.incomehouseholdsinthe survey,
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households in Mara__ihoand Barcelona,as comparedto low-income families in the other cities, devote
a h/iher percentageof their income to the purchaseof energy services,

In almost all cities surveyed, mid/nlih- andmid/low.income households devoted a significantly h/gher
peerage of theiri_me to energypu_s than households in the two other extremes. Similarly, the
percentageof enerl_ expenditu_ relatedto fuelpurchasesis larger in low-income households thanamonll
hi_-income families.

S.I Final Remarks and Policy Implications_6

The level of energy consumption of Venezuela's urbanhouseholds Is remarkablyhlilll comparedwith
energy use in house_Ids of analogous Latin Americancountries and with households of industrialized
nations thatconfront _her climates.

The four surveyed cities are in a similar stage of development. Appliance _tration is high in all
houses surveyed and across income categories. The appliances available are inefficient, addi_ to the
inefflci_y attributableto the wasteful energy.use patternsof the population. Climate conditions and the
developed urban-built form also play important roles in determining the far larger level of energy
consumption of Venezuelan urbanhouseholds.

An averallehousehold in Maracalho consume more electricity per year than an averagehousehold in
the city of New Orleans, Louisiana, U.S. (9285 kWll/yearversus 8942 kWh/year) which has a similar
climate and a higher saturationof electric appliances per household. When compared with the city of
Caracas,the average household in Maracalbo consumes 2.6 times more electricity than that of Caracas.
For Barcelonaand Valencia, the ratio with respectto Caracas,is 1.7 and 1.6 respectively.

The use of modem fuels is well spreadamongall cities. The survey documentsno use of biomass for
cooking; and a nesJillible use of kerosene. The availability of fuels, their low cost, and convenience of
use favors this result. Even though LPO is more expensive than naturalgas it is the main fuel forlow-
income families. In Caracas and Maracaibo, electricity tariff structure leads to a hillher cost per
kllowatthourto households in the middle and low ranges of electricity consumption.Accordingly, poor
families in the four cities surveyed pay more thanthe rich to lyJrchasethe same quantity of energy. The
fraction of household income used to buy fuels shows that at lower income brackets the disparity is
greater.

The design of modem sinlile-family dwellings does not contemplatenaturallliuminat/on,ventilation,
or the integrationof I/8htermaterials,as opposed to the traditionaldesign, leading to a higher necessity
forenergy devices. The most commonly developedbuildingstructurein the fourcities is the single.family
dwelling (more than 60%).

High appliance penetration resulted from a combination of more affordableequipment and higher
households incomes. In almost all cities surveyed,appliances such as televisions and refriseratorshave
reachedsaturation.

a

I, SeveraloptionsforintroducingenergyefficiencyandconservationinVenezuelawerediscussedintheprevioun
reportforthecity of Caracas.Reference2.
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Recentstudies(Meyersetal.,19,30)havedemo_mwd thatthequaliwoftheexistingrefl'Igeratorstock
in developlng countries appem far lower thin similarvlntMe equipment in indus_alized naflom. In

. Venezuela the marketfor electric appliar_.,esis startingto open to forei_ compeUtlon. One majorpolicy
challenge in lids realmwould be to ensure thatincomin8 devices, whi_ will account for a considerable
slam of all appli_ sales in the near future,comply with the belt availablein_mational technologies.

i

EstabUshlnsefficiency standardsfor importedel_u'Ic appliancesIs a policy thatcould take advantMe
of _ rap/diyexpandingconsumerappliancemarket. The adoptionof new, more efficient _lollies
by domesticmanufacturerswill follow tf moreefficientunitsareacceptedin themarket. This Isalsoa
way for manufacturersto remaincompeUtive.LabelUn8andinformationcouldstimulatemarketbase
competition by creating better¢ondlflonsfor public awarenessof the new tee2mologies.

From this study, it is feasible to anUcipalelhat launcidn8a pilot demonstraUonpro_ (eider by e
public or a private InsUtutlca) for a liven community within a city wuid greai2ypmmole the benefitsof
introducin8enersy efficiency in Venezuela. For instance,Maracalbo, the city with the hilhest level of
energyconsumptionper household(bothof fuelsandof electricity),presentsgreato_nunltles for
achievingenergyconservationandefficiencywithouthampedn_thequalityof theservices.

Implement/nilbuildingstandardsat a mtJonailevel will be an importantstepfor the lovemment,
Takingzdvantalleof climateconditions.- l,e.naturalventil_on andlliumlnadon--couldberequtredto
developersin theirdulip_. At a 1o_ level anordinancerequidnllthe plantingof treeswouldbe of
foremost benefit to the environmentand to reducinl the need of ardflciai air condlUonl_.

The results of this study raise two questions: whetherthe tn_ltionai perspec_Jvethat electricity
energyservicesmust be providedthroulll continuouslylrowing Investmentin newleneraUni capacity
can be sustained,or whetherimprovedteclmolollYandbettermanMement of end _selcanlead to hiiher
llvinB standardswithouttheneedforenormousincreasesin eneqiyconsumption.The _ issueis how
to increase livin8 standards,productivity,and participation. Energy is only importantIs a means of
contributin8Io Uhisobjective.
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