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Abstract

During the last decade, Mexico City's air quality bas deteriorated dramatically.

Air pollution management bas become a major issue, and a number of policies and

campaigns aimed at reducing the volume of bannful emissions released iDto the

atmosphere by vehicles and large-scale industries, have been implemented.

Lighting, office equipment, cooking, remgeration, space heating, space cooling,

ventilatio~ and water heating are the ultimate commercial uses of energy. The goal of

this study is to determine if there is a potential market for solar water heaters that couid

provide hot water for a number ofactivities in the city, reducing the amount of fossil fuels

bumed for this purpose, thus contributing to decrease the amount of air pollutants to the

atmosphere.

The results of this research show how a number of industries, public services and

commercial aetivities need to he provided with bath Wlter and energy in large quantities,

and are therefore potential usen ofsolarthermal technologies.
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Résumé

La qualité de l'air de la Vtlle de Mexico s'est détériorée notablement depuis la

dernière décennie. Le contrôle de la pollution est donc devenu un sujet de rélevance et

plusieurs mesures ont été prises pour réduire le volume des émissions poUuantes que~ jour

àjour, sont liberées dans l'atmosphere par des vehicules et des larges usines.

Dans le contexte résidentiel et commercie~ I~énergie s'utilise principalement pour

l'illumination, la rétiigeratio~ la ventilation et le chauffage des spaces, ainsi que pour la

cuisson et le chauffage de l'eau. L~objectif de cet étude c'est détérminer s'il y a un

marché potentiel pour l'énergie solaire thermique qui pourrait procurér de l'eau chaude

pour un grand nombre d'activités dans la ville, tout en réduissant la quantité de

combustible fossile qu'on utilise à ce propos, lors de réduire les émissions polluantes.

Les résultats de cet étude montrent comment un nombre d'activités industrielles,

des services publics, et des activités commercielles doivent être munies avec les deux, de

l'eau et de l'energie en grande volume et sont donc, des utilisateurs potentiels des

technologies solaires thermiques.
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Chapter 1: Introduction

A number of policies and programs introduced ta improve energy efficiency and

demand management were initiated as a result of the petroleum price raise during the

19705 and early 19805. These improvement programs which were launched by many

counmes, particularly the oil-importing ones, included strategies for energy conservation,

fuel diversification, and the use of renewable resources. Technologies employing

renewable resources, such as win~ $Olar, geothermal, and biomass, attraeted attention as

their potential as substitutes for fossU fuels was being tested. Nevertheless, the strategies

for use implemented by industrialised nations differed from those employed by

developing countries. According to Gamba, while industrialised nations achieved

significant energy savings through demand management, developing countries focused

their strategies on increasing the domestic energy supply (Gamba, 3).

As an oil-exporting developing country, Mexico has yet ta face the necessity for

using renewable technologies ta replace fossil fuels ta meet its national energy

requirements. However, Mexico's economy, being strongly based on petroleum exports,

was seriously affected during 1998 as a consequence ofthe decline in petroleum priees in

the international market (figure 1.1). This is not the first time that Mexicans have faced

economic crises. Historically, the cost of petroleum-derived combustibles and electricity

bas increased monthlyand 50 bas the priee ofessential goods (figures 1.2 and 1.3).
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FIgun 1.2 GaoUn. priees in
Mexico 1997-1998.

Source: CONAE. t999.

/////////;////////;////////--
2

Figura 1.3 Innatlon in Mexico since 1990.
aaseyur1994.

Source: fNEGf. 1998
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This critical economic situation bas, over time, been a major cause of the

migration of the rural population to the cities, especially to Mexico City, and its

metropolitan area, whose population is projected to grow to 26.3 million people in year

2000. Consequences of such a rapid and unplanned urbanisation process range from

social tensions (violence, insecurity, and various forms of delinquency), the inability of

municipalities to provide services (water, sewage, power supply), the lack of an efficient

transportation oetworlc, and environmental pollution. During the last decade, Mexico

City's air quality bas deteriorated dramatically. Air pollution management bas become a

major issue, and a number of policies and campaigns aimed at reducing the volume of

barmful emissioDS released ioto the atmosphere by vehicles and large-scale industries,

have been implemented.

Studies made by the Nationallnstitute ofEcology in Mexico (INE), reveal that the

public service sector is responsible of the 390111 of the suspended hydrocarbons in the

atmosphere, produced mainly from incomplete buming processes. The public service

sector embraces a large variety offunetions undenaken in restaurants, bakeries, laundries,

tonillerias, public baths, retail oUÛets, and 50 on. Figure 1.4 shows the most important

commercial aetiVÎties and their percentage ofthe energy consumption.

Lighting, office equipment, cooking, refiigeration, space heating, space cooling,

ventilation, and water heating are the ultimate commercial uses ofenergy. The use of hot

water may oot he significant for certain kinds of enterprise; however, it is vital for the

3



operation of a number of establishments sucb as laundriesy sport-clubs7 hospitals and

public baths.
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Fig... 1A Energy consumpllon by servic. seclar
Source: Environmentaf Software &Services, 1998

The amount of energy used to heat water varies according to the size of the

companyy temperature requirements, and water-heating systems, and under these

circumstances, opportunities to save energy and reduce harmful emissions are substantial.

Thus, this study considers the commercial and public service sectors as a potential

consumers of renewable technologies for water heating. Moreovery because there are few

programs in place aimed at the reduetion ofenergy consumption in homes, this thesis will

also study the feasibility of implementing solar water heaters for domestic use7 on a large

scale7 by middle-to-high-income households in Mexico City.

4



1.1 Rationale for the Study

1.1.1 Energy management

Human beings need a constant source of energy in arder ta survive. As Bbarier

has observed, the demand for energy is a demand not for energy of fuel per se, but for the

services that it can perform -for heat, light, and motive power. These services can be

provided in different ways, and with different levels of efficiency, by different energy

sources (Bharier, 25). Thus, ta exploit and benefit from those resources, a number of

technologies have been developed.

For more than a century, fossil fuels 50ch as petroleum, gas, and coal, were the

world' s principal sources of energy. Origins of fossil fuels and possible locations of

supplies are weil known, and global reserves can be estimated using this information.

However, due ta the complexity ofthe estimation process and the variety ofassumptions

employed for calculating, it is difficult ta he certain of their magnitude. Estimates must

take into account economic and technological aspects related ta the exploitation of

available resources. Knowledge of the required investment, in tenns of energy, is critica1

ta ensure that the energy expended on exploitation does not exceed the amount of energy

ultimately provided by the resource. In this regard, government pIays a signiticant raie in

energy management. In Bharier's opinio~ the management of energy demand implies

direct intervention in the energy market by the government. But whether the govemment

5



carries out all the measures itself or simply provides the incentives for these measures

will depend on the situation in individual counmes. By and large there will always be

some need for direct govemment action, ifooly to increase the efticiency ofenergy use in

the public sector:

In those industrialised nations where the right incentives bave been given,

energy demand management bas been bandled largely by the private sector.

Ind~ it bas turned out to be a profitable business for the producers of

insulation material, heat pumps, and smal~ fuel-efficient cars. Energy

consumers have generally estimated that the henefits of increased energy

efficiency or fuel switching outweigh the oosts, and they have invested in the

appropriate new equipment. In many developing countries, however, the

henefits of increasing the efficiency of energy use are often not as obvious to

householders or industrialists. One reason is that the generai level of energy

use is lower than in the industrialised countries. A second is that the turnover

of machinery, equipment, and appliances is generally slower. A third reason is

that the energy-users simply cannot atford new equipment or appliances. And

a fourth reason is that tradition plays a much more important role ...

Nevertheless, energy demand management, including bo~ greater efficiency

of energy use, and fuel switchin& is possible in the developing countries.

(Bharier, 25-6).

According to the National Committee for Energy Saving (Cooùsiôn Nacional para

el Aborra de Energia, CONAE), there are three major energy-using sectors in Mexico:

6



• industry and mining; transport; and residential, commercial and public (figure 1.5).

Gamba considers that it may be MOst beneficial to focus initially on measures for energy

demand management on the industrial sector, where improvements cao be made with

relative speed through a combination of policy, tecbnical, institutional, and financial

measures.

figure 1.1
Source: CONAE. 1999

1.1.2 Environmental impact

The industrialisation process associated with the oil business bas prompted a

number of changes in energy consumption patterns. This is the result of the increase in

associatio~ primarily by urban dwellers, of tecbnology -or even worse, resource

waste- with comfort and wealth. As a result, teelmology bas changed both the physical

world and the way human beings interact with iL However, increasing costs and the

environmental impact due to extraction, transformation and combustion of fossil fuels

contribute significantly to the shift to renewable resour~ such as salar and wind energy,

and to the origin ofnew policies for the rational use ofnon-renewable resources.
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For environmental purposes, fuels are evaluated in terms of the chemical

substances they produce in combustion. Attention must he drawn to the problems of

global warming and acid rain caused by high-energy consumption aIl around the world.

Nevertheless, changing to non-pollutant renewable energies from fossil fuels is not

always an affordable proposition, especially for low-incarne groups or small-scale

businesses.

1.1.3 The case ofMexico City

The Mexico City metropolitan area (MCMA) consists of more than 4,000 square

kilometres, comprising the Federal District (home of the Govemment) and 21 adjacent

municipalities in the State of Mexico. Population growth of 5% per year trom 1940 to

1980 and 2% during the tirst baIfofthe 19905 resulted in nearly 17 million inhabitants in

1995, making the MCMA one of the largest cities of the world. Mexico City is the

county's political, economic, industrial, and social capi~ and about 200/0 of the national

population lives there. The city provides 470/0 of aU iDdustry jobs, and 48% of public

investment in social welfare. Il a1so contains 300/0 of an the industrial plants in the

country, and bas about 3 million motor vehicles (Scott, 410).

Aœording to the National Institute of Statistics, Geography and Informatics

(lNEGl), Mexico bas an energy CODsumptiOD of 1.439 tons per capita of petroleum or its

equivalent. Nevertheless, this number ret1ects mostly an urban consumption patte~ as

8



large human settlements are more likely to use higber amounts of fuels. Figure 1.6 shows

the kind offuels used in the MCMA per sector.

Type consumed br sec:tor fn the MCMA

50

1:
1
'20'#

10

o

Nabnlgal

TranlPQrtation Thermoeledric IndUItJY Md Ohe,..rù servicel

DNaturai
gas

o Gasoline

El Diesel

.LPG

• Gasoleum

Figun 1.' Type of fuel consumed in the MCMA
Source: Envlronmental Software & ServiceS. 1998

Mexico City is located in a deep bowl valley surrounded by a ring ofMountains at

approximately 2~300 meters above sea level~ which creates a natural isolation that

contnoutes to ftequent thermal inversions (especially in winter) and prevents the

dispersion ofpollutants (See figure 2.2 in chapter 2).
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Ecological damage bas been aggravated by inadequate measures for the protection

of the local environment. A comprehensive program of action was announced in 1990,

intended to rationalise urban transport, improve the environmental qualities of fuels

bumed, instalI pollution-control equipment, and regenerate naturaI areas. Despite all these

measures, atmospheric poUution still poses a serious threat ta human health. Public

officiais acknowledge that employment and produetivity in the urban economy still takes

precedence over environmental preservation. Furthermore, some industrial plants bave

yet to install lOti-pollution devices. Because of the high cast involv~ these plants he

dependent on projected state credit programs that are to he implemented in future years ta

atford these devices (Scott, 410).

Liquefied petroleum gas (LPG) is the MOst popular fuel employed domestically

for the heating ofwater in the MeMA. At tirst glance, this appears to be a viable option:

Its performance is good (estimated thermal efficiency is about 75%), its cast is low (53.41

pesosIKg)1 and the national production is sufticient to meet aetual and future demand.

But a second consideration ofthis produet reveals that:

a) Performance is a1so related to the type and model of heater employed; oid or

deteriorated heaters consume more energy.

b) Initially, the cost of LPG is low because the govemment subsidizes it.

However, once the subsidies expire, the monthly oost of LPG will increase according ta

the country's inflation rates and to the international cost of oil. Unfortunately, at the

domestic level ofconsumption, salaries do not keep pace with inflation.

IOneAmaicandoUar:: 10 pesos. Priee forAugust 1999" iŒluding fax.
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Solar Water Heaters (SWH) offer a renewable., non-polluting and low

maintenance technology for supplying hot water for domestic and industrial use.

However, some people may not consider it to be their best option for a variety ofreasoos,

including those related with education about renewable technologies, or financial

concerns that prohibit residents from making the initial investment

Nevertheless, the critical situation that the city faces in terms of further

environmental damage and public health must not be ignored. It is hoped that this study

will contribute to the analysis of sorne of the hazards that challenge the future of the

MC~ and will contribute to further consideration of the adoption of energy efficient,

non-polluting and safer technologies as a way to ease its present condition.

Il



1.2 Research Question

1. Can the use ofsolar water heaters be increased in Mexico?

2. In which seetor can solar water heaters be introduced?

2.1 Who cao afford them?

2.2 What are the traditional methods for water heating and the consumption

patterns for energy and water?

2.2.1 For domestic use (medium-high income households)

2.2.2 In small-medium businesses that require large amounts ofhot water

3. What are the long-term benefits ofusing solar water heaters in Mexico City?

3.1 Should a shift ta salar energy use he for economic reasons alone?

1.3 Goal. and Objective.

The goals ofthis study are:

• Ta determine ifthere is a potential market for SWH in the MCMA.

• To determine if there are potential savings in monthly/annual oosts of energy

consumption using SWH in oomparison with oonventional water heaters.

Objectives are:

• To discover patterns ofhot water consumption

• For mediumlhigh incarne families

• For smalUmedium businesses that require large amounts ofhot water

• Ta suggest what the adverse eifects are in the case ofuse ofconventional fuels

12



• Ta suggest the amount ofsavings using Swa ifany

• Ta suggest who can afTord a SWH

• To discover the positive impact on the environmen~ ifany

• To initiate an educational process which will have an impact on a new energy

conservation culture.

1.4 Afethodology

This study is based on the analysis of a variety of data. The following materia! is

examined in order to provide background information on the possibilities of

implementing the solar thermal technology in the MCMA:

• Environmenta/ data. Principal pollutants and sources ofair pollution, etfects of

pollutants for human health, and environmental statistics for the MCMA

• Water andenergy data. Water provision in the MCMA, rates for domestic and non­

domestic water use, patterns ofwater consumption, relationship between energy and

water provision.

• Water heater systems. Traditional water heaters for industri~ commerce, and

residential use, efficiency ofheaters, fuel consumption and fuel priees.

• Case study. Analysis ofthe aetual requirements ofhot water for a building and how a

series ofsalar water heaters contribute to the daily supply.

13
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1.5 UtefalUN Revlew

Increasing costs and the environmental impact of extraction, transformation and

combustion play a significant mie in the need to renewable resources and sustainable

development. The latter tenn bas been defined by The World Commission on

Environment and Development's 1987 report Our Common Future as "development that

meets the needs ofthe present without compromising the ability of future generations to

meet their own needs" (Funston).

Sustainable development in a country implies a constant, and long-tenn economic

evolution that grants better living standards (employment, education. and heaIth services)

to its inhabitants. Over the past two decades, a number of govemment agencies have

begun to include environmental issues in their agendas and to dedicate financial resources

to research on renewable energy resources. Similar efforts are being made by

international agencies, universities and private institutes in which scholars, professionals,

and technicians do applied research in arder to develop new technologies.

The U.S. Department ofEnergy (DOE) maintains a World Wide Web site called

the Energy Efficiency and Renewable Energy Network (EREN), which provides access ta

information about renewable energy and ençrgy efficient technologies throughout the

world. DOE services include information on state salar energy legislation, regulations,

and listings of state and private energy organizations. State centers cao provide more

specifie information on available state incentives, regulatio~ and in-state programs.

14



Information on seminars and conferences is also available ftom these centers. Many of

them can also provide a referral service for builders who have specific technical

questions.

In bis Master's thesis entitled Advanced Energy Efficient Upgrading for

Affordahle Homes in Canada, Lee states that the degree of potential for implementation

of energy efficiency in atTordable bousing remains undetermined. The author deals with

cost eifectiveness applied to research on the implementation of the R-2000, and

Advanced House energy standards. He concludes that it is possible to integrate both

energy efficiency and atTordabiiity in MOst cases. However, according to Lee, certain

technologies seem to be inappropriate for Iow cost housing.

Levels of complexity, sophistication or intricacy of projeets depend on the

availability of research funding. An example of well-funded research potential cao be

seen in the collaboration of the Florida Solar Energy Center (University of Central

Florida) in association with Sandia National Laboratories, the Florida Energy Office, and

the Lakeland Electric and Water company. They embraced a project that involved

monitoring two identical residential buildings which were purpose-build for the study.

The central objective of the projett was to test the feasibility of constructing new single

family homes engineered to reduce air conditioning loads to an absolute minim~ 50 that

most of the cooling and other daytime electrical needs can he met by the photovoltaics

components. Results of this experiment are intended to enhance research in a number of

fields about sustainable design and aetual building technology improvement.
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1.5.1 Renewable energy technologies in the market

In both developed and developing countries, when renewable technologies, such

as solar thermal or photovoltaics, have passed laboratory tests conceming performance

and quality, they face a new challenge: acceptance and purchase by the consumer. An

excellent invention cm be lost to its potential target group due ta an inadequate marketing

strategy. Thus, the raie of institutions, researcb centres, govemment agencies and private

enterprises includes, beyond promotion of the produets, marketing studies to identify the

features that new technologies need in arder to become a suitable option and succeed.

Despite features that would facilitate the use of solar energy (one of the most

recommended technologies by ecologists and solar technology developers), solar systems

are not accepted by potential customers if they do not prove ta be cast effective. John

Randolph and Robert P. Schubert developed a mode~ based on results of a study in

Virginia which related system cost, energy perfonnance and energy value for cost­

effective salar water heaters. Randolph and Schubert round out that there must be a

balance between: a) installed cast, b) annual energy performance (average amount of

useful heat collected per square feet; and c) value ofconventional energy saved, in dollars

per British Thermal Units.

Jane S. Peters and Dave Robinson condueted a study in Wisconsin to identify key

market barriers ta the installation of$Olar domestic water heaters (SDWH) systems and to

identifY program elements for a state-wide eiTort which would maximise program
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participation. Market research in Wisconsin included interviews with salar heater

owners, homeowners without salar devices and trade allies. Results oftheir study reveal

that SDWH can he marketed to a small segment of the consumer population that is

already aware of and interested in solar technology. However, the authors point out that

the market segment will ooly grow if awareness and knowledge of solar technology is

increased. The authors conclude that business viability will require reduetions in

installed cost, availability of low cost tinancing and some incentive that recognises the

extent ofpublic benefits that would result in a reduetion in hannful emissioDS.

The International Energy Agency (IEA), conducted a survey of 15 solar houses in

developed countries in Northem Europe, the United States, Canada and Iapan to analyse

design strategies and innovative technologies. The general conclusion was that passive

and active solar strategies together, with the adoption of energy conservation measures

and the integration of new material and technologies, can lead to significant reductions in

energy consumption in domestic buildings. Nevertheless, in terms of economics,

fmdings are similar to those of Kevin Lee, cited above: A number of innovative

technologies and systems for housing are expensive even by wealthy nations' standards.

These tindings seem to indicate tbat sustainable technologies are meant only for

developed countries, since that less advanced nations cannot afford them. Technology

transfer and affordability are the~ issues to consider.
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1.5.2 Renewable energy technologies for developing countries

Development of a new technology is meaningless unIess it can be used.

Nevertheless7 technology implementation seems to be a major problem for Third World

countries where economical rescorces are scarce. Lack of resources include education

and information access to non-traditional technologies, as weil as economic difficulties.

According to the Solar Development Initiative, today approximately 2.3 billion

people in the developing world do not have access to electricity and, in about 15 years,

the energy demand ofthese countries May surpass that of industrialised states. Trying to

meet this need with conventional fuels is likely to cause serious damage for the ecological

balance ofthe Earth. Thus, implementation ofappropriate and atTordable technologies is

gaining attention from international agencies 50ch as the World Bank (WB). Analysing

disadvantages of subsiding energy versus local participation and settor policies, the WB

encourages utilisation of renewable rescurees, especially for rural areas in developing

countries. In this field, Eggers-Lora made an exhaustive list of affordable produds and

methods related to salar energy in the Third World during the 1970s. Unfortunately, it

bas not been updated sinee then.

Mobilizing Techn%gyfor Wor/d Deve/opment is a collection ofessays presented

in the Iamaica Symposium sponsored by the Internationallnstitute for Environment and

Development tbat includes various issues conceming technology transfer fram developed
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to developing eountries, sueh as the collaboration between mutual programs ofNorth and

South which is intended to enhance efticiency and productivity. Following the same

trend, LM. Badran and R. A. Ahuras believe there is a very slim chance for developing

countries ta succeed except through collective work in regional and sub-regional

organizational structures. They point ta the co-operation between oil-producing and non­

oil-producing countries who are attempting to secure their respective futures with regard

to energy, by remodelling their consumption patterns and working out proper solutions.

The authors point out that energy requirements and assessments with respect to

developing countries are misleading in Many instances because they are aften processed

in developed countries, away from the intended area of implementation and are based on

information gathered locally, which lacks accuracy.

The authors of Problem Solving Using Technology, Economies and Polines

recognize this gapt and emphasize the distinction between the kinds of energy planning

applicable to developed and developing countries. The roles of bankers, economists and

engineers in advising decision-makers and politicians are outlined, and the sources and

end-use of energy in developing countries are tabulated, while the importance of

commercial energy to agricultural and industriai development is underlined. Cost benefit

anaIysis methods wmch are known to he effective and are widely used in decision­

making regarding energy options, are detailed. Arguments are developed for the

modification of sorne of the traditianal principles when applying this kind of anaIysis to

particular cases.
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L.A Kristoferson and V. Bokalden, from the Beijer Institute of the Royal

Swedish Academy of Sciences, believe that programs which address ta Third World

development should not lump together widely different technologies and methods in

different phases ofresearch, development and testing, and that projects must be paralleled

by an increased understanding of the complex social and economic issues that influence

these technologies. This is the aim of a study that focuses on renewable energy

technologies for the rural settor and analyses a number of strategies ta substitute fossil

fuels. Methodology for the study of each technology comprises identification of the

potential consumer nations, an explanation ofthe physical principles of the technology, as

weil as economic considerations, environmental impact, development needs, and

dissemination studies.

Rahman and Bates point out that the critical issue in technology transfer is

utilization of the existing capabilities, development of new buman and institutionaJ

resources, adaptation of technologies to local circumstances, and meeting the

development needs ofthe population.

Specifie housing energy problems are studied by the Lund Centre for Habitat

Studies (LCHS). The publication, Housing Energy and lndoor Environment, seeks ta

integrate research and praetice, and bas developed a theoretical framework of the

household as a system: building materials, appropriate design for climate, ways in which

the dwelling is used by the occupants, including socio-cuItural praetices, and energy end­

use. The goal is to contnDute to better housin& energy efficiency, and living quality in
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developing countries, through a diversity of projects trom the development of local

insulation materials, climatically appropriate design, organization of low-cost bousing

construetïon, working with users to design ergonomically appropriate kitchens, and

developing research potential with co-operating agencies.

It sbould he highlighted that many developing countries are already playing a key

raIe in technology development and transfer. "North to South" is not the ooly mode of

technology transfer. A number ofdeveloping countries are initiating projects which focus

on energy efficiency, renewable energy, and the enhancement oftechnology projects.

A number of regional and national technology and information centres have

evolved in developing countries in response to the challenge presented by climate change,

and simultaneously a number of technologies have also emerged in both developing and

industrialised countries.

McGill University's Centre for Minimum Cost Housing bas directed a large

number of projects to investigate inexpensive techniques for developing countries. In

1988, Open House International dedicated a volume to the presentation of the Centre's

wode. Articles presented covered a variety of categories such as innovative building

technologies, bousing for low-income families and technologies for energy and natura!

resources saving. The underlying premise of the Centre, as expressed by its founder

Alvaro Ortega, and cited by Wîtold Rybczynski in the journal's editorial, is that the world

bousing problem is partIy due to a lack of appropriate technical solutions. Field
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experiments have been carried out in cooperation with local research groups in Zambia,

the Philippinesy Mexico, Guatemala, the United Arab Emirates, and in smalI communities

in northem Canada.

McGillYs Brace Research Institute (BRI), bas been involved in the technology

transfer process to deveIoping countries for more than 40 years. Dr. Tom Lawand, of

BRI identifies three principal aceas to be studied in order to find a match between what is

technologically necessary and what is acceptable within a community: a) traditional

energy consumption patterns and needs, b) methods of improving traditional technologies

and adapting new technologies to local conditions and c) effective methods of introducing

these innovations into the community. Lawand believes that matching the type and

quality ofthe energy supply with the demand ensures a more efficient use of the available

energy resource. He also emphasizes the importance of the role of wornen in energy

supply and utilization, and participation in the development ofenergy systems.

Lawand proposes a methodological approach for integra1 rural energy systems that

in general terms comprise survey and background study, detinition of objectives,

appropriate technologies selectio~ projeet implementation mechanisms, economic

anaIysis, and long-term examinatioD. Lawand's research led him to evolve this model

into Melhod%gica/ Guidesfor Renewah/e Energy System Eva/uations. This work goes

iota detailed considerations and steps to foUow while planning a renewable energy system

in developing regions. It detines three major components that comprise the concept of
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technological sustainability: a) its utility to the community or the individual family, b) its

accessibility and, c) its maintainabiIity.

1.8/ntendedAudience

This study is directed ta architects, engineers, SWH developers (scholars and

entrepreneurs), contraetors and users. The formers May hopefully tind in it a concise and

critical tool to back up a purchasing decision.

1.7 Scopa of the Study

The study covers the Mexico City Metropolitan Area, which includes the Federal

District and the adjacent municipalities. The reason for considering the Metropolitan Area

is that it operates as a unique entity, for which decisions regarding planning, politics, and

the environment are generally made for the entire area.

1.8 Research Design

The research comprises:

1. Introduction and background information.

• Intluential factors

• Rationale for the study
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• Literature review

2.Adverse effects ofthe use offossil fuels in the MCMA

• Topographyand climate in the MCMA

• Health efTeets ofpollutants

3. Identification ofthe target market

• Water and energy consomption

• Identification ofconsumers ofhot water(domestic and smalllmedium business~

micro-industries)

4. Alternative to the use offossil fuels and traditional methods for heating water

• Traditional water heating systems in Mexico City

• The energy policy in Mexico and the cost of fuel

• How a salar thermal coUeetor works

• Case study

5. Conclusions

Appendices
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• Chapter 2: Adverse effects of the use of fossil fuels in the MCMA

2.1 Introduction

This chapter is dedicated to the analysis of the environmental situation of the

Mexico City Metropolitan Area (MAMC). Environmental damage to the basin ofMexico

is a complex process related to factors 50ch as ilS geographical locatio~ demographics,

over exploitation of natura! resources, and intensity of land use, among others. This study

is oriented to the various forms of air pollution derived from the use of fuels in the

MCMA.

Mexico City and its Metropolitan area are located in the southem portion of the

Mexican high plains, in a region ca1led the Basin ofMexico which bas a surface of9,560

square kilometres. [t is a closed basin surrounded by mountain ranges and rivers tlow

trom its higher regions to the lower plains, being the source of a series of swamps and

lakes1 (Valverde and Aguilar 19). The Federal District and a portion orthe MCMA site

are located in an area that, a few centuries ago, was a lake (figure 2.1).

•
1 A1though the formai geograpbi<:alIy defined as a~ the plateau, particularly the Federal District and a

portion ortheM~ are often addressed as 1be Valley ofMexico".
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Figure 2..1 Location ofthe ancient fakes
Source: Atlas de fa Ciudad de México
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The average altitude ofthe city is 2,240 metres abave sea level. The climate bas

been defined by Jâuregui as "tropical of the mountains", meaning that, although the

temperature is abated by the elevation of the valley, other climatic features, such as the

irregularity and intensity of rainfall, are typical ofthe tropics. On the other band, during

the winter season, the basin ofMexico is under the influence of polar air masses which

are representative of mild regions outside the tropics. However, two major seasons can

he defined: the dry season occuning between November to ApriL and the rainy season,

which lasts trom May to Oetober (Jâuregu~ 37). These unique geographic and

atmospheric characteristics are determinant for the environmental behavior, and it is

particularly related to what is known as the greenhouse phenomenon.

The foundation orthe city (México-Tenochtitlan) in 1324, in a small island orthe

Texcoco Lake still remains a myth. However, since the beginning the city faced the

foUowing problems: a) scarcity of drinkable water, b) sparse arable land, and c) the

constant threat of floods. Nevertheless, during the culing of the Azteca Empire, there

was an almost absolute hydraulic control of the basin through the use ofdams, aqueducts

and channels. Huitizlopochtli's temple, a westerly-oriented construction, was the center

of the four edges that determined the city layout. This layout was respected by the

Spanish conquerors, but the complexity of the urban funetions increased upon the arrivai

ofwaves ofmigrants.

The city experienced a period of slow growth fram the xvfh to the xvmlh

centuries. However, uncontroUed deforestation and the destruction of the largest dam
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caused serious ecological problems. The hydraulic system became unstable, tloods were

frequent, and municipal authorities began to the drain the lakes. As the water levels in the

lakes fell, the city began to grow. During the tirst decade ofthe XXth century, the area of

the city tivefold. The problem of tlooding appeared to bave been resolved with the

creation ofthe Tajo de Nochistongo, a kind ofchannel which was engineered to drain the

basin, which was preceded by the construction of the deep drainage system. However,

the constant drain ofwater, both to prevent 800ds and to obtain drinking water, resulted

in the sinking of the whole city during the years that followed, and large clouds of dust,

which originated in the ancient bottom ofthe Texcoco lake, were carried to the city by the

northeastem winds (Lombardo, 41-71).

The Metropolis began to form when the integt'ltion of surrounding municipalities

iota the urban fahric took place during the Mexico's so-called miracle decades (19405­

19705). According to Kandell, cited in Pezzoli's work:

During the Miguel Alemân Valdés presideocy (1946-1952) the

capital became the hub of a national transportation networlc. This

development involved major investments in airport facilities and railway

lines and a fourfold extension of asphalted highways. By the 1940s,

Mexico City had the largest consumer market in the country, the most

numerous labor force, the greatest concentration of entrepreneurial and

managerial talen~ the banks and govemment agencies upon wmch business

depended for credit and permits, and an advanced urban infrastructure

(pezzo~ 128-129).
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By 1995, the MCMA had a population of almost 17 million inhabitants and

consisted of 4,902.3 square kilometres (INEGI,1999), comprising the Federal District

(home ofthe Government) and 21 adjacent municipalities in the State ofMexico.

- FEDERAL DISTRICT UMIT I!!!!$iiiiil
o 10Km

F....District 1) AIvIro Obreg6n, 2) Azcapolzalcot 3) Benito Juérez. 4)Coyoaœn,

5)Cuajimarpat 6) Cuahut6moc, 1) GustIvo A.. Madero, 8) IZtacarco, 9)lztapalapa,

10) Magdalena COntreras, 11) Miguel Hidalgo, 12) Milpa Alta. 13) Tlthuac,

14) Tlalpan, 15) Venustiano C8rranza. 16) Xochimilco

SUIe of Muico: 11) Atizapén de zaragoza. 18) Coacalco, 19) Cuautitlén,

20) Cuautitfân fzcalli. 21) Chalco, 22) Chicoloapan, 23) Chimalhuacân, 24) Ecatepec,

25) Huixquilucan. 26) bctapaluca, 27} La Paz, 28) Naucalpan de Juârez.

29) Netzahualc6yotf, 30) Nicolés Bravo, 31) Tecamac, 32) Tlalnepantla, 33) TultiUan

Ag," 2.2 The F.... Oilttfct and .-."tmunici..1Ifes
Source: Alla de la Ciudad de Mûico
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2.2 Air pollution in the MCMA: topography, dimate and the use of fossU fuels

Air pollution bas been a cause ofmajor concem for local authorities, public health

workers and environmental organizations for the past two decades. According to Bisio

and Boots, air pollution may he defined as the contamination of outdoor or indoor air by a

natural or man-made agent in 50eh a way that the air becomes less acceptable for intended

uses, whic~ in this context, is the maintenance of human health. Although natura!

pollution sources are sometimes important, most pollution-related heaJth problems result

from man-made (anthropogenic) pollution involving mobile sources (e.g., automobiles),

outdoor stationary sources (e.g., power plants, smelters, and faetories), and various indoor

sources (e.g., building rnaterials and combustion). Physically, air pollutants are dispersed

iota the atmosphere as gases, fibers, or as a suspension of liquid or solid particles in air

(aerosols). Gases, in the form of discrete molecules, trom true solutions within the air.

Fibers are arbitrarily defined as particles having a length at least three times their width.

Aerosols may contaîn particles either of uniform size (monodisperse) or different sizes

(polydisperse or heterodisperse). Levels of specific air pollutants at any given location

depend on complex interactions of natural and anthropogenic sources which change over

time (daily, seasonally, or annually). Local anthropogenic causes often predominate.

Thus, pollution patterns and associate health risles vary widely at different times and

places because sources and Meteorologie conditions continually change. Sorne

community air paUutants are directly released ioto the air. These are called primary

pollutants. Those air poUutants Dot directIy released into the atmosphere but are formed
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within it by chemica1 reactioDS among primary pollutants and normal constituents of air

which are known as secondary pollutants (Bisio and Boots, 96).

PrllfMry PoIIulams

Carbon monoxide
Sulfurdioxide
Nitrogen OXides

Nitric oxide
Nitrogen dioxide
Volatile organic compounds
Suspended partieles
Metal compounds
Dusts
Soots

Secondary PoIlutams

CO Ozone
S~ Nitrogen dioxide

NOx Peroxyacetyl nitrate
NO Nitric and nitrous acid

N~ Suspended partides
Sulfurfc acïd and sulfate salts
Nitrate salts
Organic aerosols

T..... 2.1 PrfrMry Ind secondary pallutlnts.
Source: Bilio Ind Boots.

In generaly coal combustion emits more sulfur dioxidey carbon monoxide, and

particles than oil combustiolly whereas levels of emission of nitrogen oxides are similar

for both fuels. The rate ofet11uents from fossil fuel2 combustion depends on the manner

in which they are released. Large modem stationary sources, 50ch as electric power

plants and smelters, typically discharge through taIl stacles. This type of discharge

diminishes local pollutant concentrations at ground level and enhances poUutant

2 A fuel is definedas any~ solid, liquid or gas, wbich may be easily ignited and bumed to produœ

heat, light or other useful folDlS oC energy. For example,~ cbarcoaI. gaso~~ lighto~ fuel

oiIs, oatuJa1 gas, liquefied petroleum gases. hydro~ etc.

The principal fuels usecl in Mexiœ are basically fossil fbeIs (hydrocarbons) obtained from oil refining

(Environmental Software and Services GmbH).
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dispenio~ but increases residence and reaction times in the atmosphere, favoring the

production of secondary pollutants and regional pollution problems. On the other band,

home furnaces discharge their eftluents near rooflevel, resuIting in higher, more localized

ground level concentrations (Bisio and Boots, 97).

Combustion is the rapid oxidation (combination with oxygen) of a fuel resulting in the
release of usuable heat and, usually, the production of a visible flame. In addition to fuel
and the oxidizer, an ignition source is usually needed to begin the process.

Common combustion consists of the following three processes:

carbon + oxygen-> carbon dioxide + hest
hydrogen + oxygen -->water vapor + heat

sulfur + oxygen -->sulfur dioxide + heat

Table 2.2 Combustion Procesa
Source: Envfronmental SoftWlre and Servie. GmbH

The city's geographical situation makes the dispersion of air pollutants extremely

bard an~ depending on climatic conditions, the situation May ease or worsen. According

to the Atmospheric Research and Information Centre (ARIC) ofManchester Metropolitan

University, the atmospheric pollution in the Mexico City Valley bas two primary sources.

One is of a natural ori~ composed of dust that the winds and vehicles lift ftom

unvegetated and unpaved areas on the outskirts of the city. The second, and most

significant, results ftom the consumption and use of fossil fuels.3 Figure 2.3 shows

Mexico's national energy consumption for 1997.

3 A study made by the Oak Ridge National Laboratory in the U.S. assedS tbat fossil..fueI carbon dioxide

emissiODS from Mexico grew exponmtially al a rate of 7.3% per year from 1891 lO 1982. From 1983 to

1989~ Me.ùco~s fossiI·tùel C02 emissioos were relatively stable. Since 1989~ total emissiODS have risen

24.8% reaching an an..wne higb of 9S million melric tODS of carbon in 1996. Emissioos increase was

largeIy attributable to inaeasing oil coDSUlDplion (MarIaud et al).
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According to the National Committee for Energy Savings (CONAE), motor

vehicles are responsible for 39 % of the total energy consumption in the MCMA,

followed by the industrial and IDÏning sector (36%), the residential, commercial and
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public sector (22%), and agricuItural aetivities (3%). The largest source ofhydrocarbon

pollutants is the transport sector which produces up to 54% oftotal He emissioDS, and up

to 9901'0 of carbon monoxide emission5, followed by the service sector, with a 3901'0 of

emissions (CONAE, 1998).

Gasoline, diesel~ combustible o~ and liquefied petroleum gas are the MOst

commonly used fossil fuels in the MCMA.4 Table 2.3 shows the percentage of total

consumption by sector. At tirst sight, this data may not seem coherent with data

provided by CONAE for the MCMA total energy consumption. However, table 2.3

numbers represent only the consumption of fossil fuels, without electricity, and the

subdivision per settor bas not been done on the same basis. One can assume that the

"others" sector includes residential and commercial uses, while "thermoelectric" is

usually categorized under the "industry" section.

Percentage of total fOllil fuel conlumption, 1...

Transpotfation Thennoelectric IndustTy and Others Total

Services

Gasoline 38.1 38.1

Diesel 11.0 2.1 13.1

Combustible Oil 4.8 14.5 19.3

LPGas 2.3 16.8 19.1

Natural Gas 10.4 10.4

lndustrial Gas OU < 0.1

Total 49.1 15.2 4.4 31.3 100

Tible 2.3 Energy Consumption by sector in the MCMA
Scwce: PEMEX Statiltics. 1996

Nele: Annuel co...mptfon ln the MCMA ruches the
equivalent of 17.33 mllon cubtc mitres ofNova c;.soOne.

4 Consomption oC natural gas bas become inaeasingIy importaDt in Mexico aDd DOW accounlS for 19% of

Cossil·tùelC~ emissiœs (MarIandetal).
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Figures 2.5-2.9 show pollution emissionss by sector in Mexico during 1996.

Table 2.4 gives specific information for the industry, services and transport secton for

1994 in the MCMA, unfortunately7 data for the residential sector was not available. It is

important to note tbat, although the transportation sector (especially private automobiles),

bas been blamed for up to 75% of total poUutants, the industrial sector also emits large

amounts of carbon dioxide and nitrogen oxides, and it is the MOst significant source of

sulfur dioxide at 57%. Internai combustion engines produce 270Al, and the service sector

sPrincipal poUurants from combustion process by origin are:

PoIhùnt

CIrbon monoxlde
and hydrOClrbona

Carbon dloxfde

Sulfur dloxfde

NiIrogen oxidft

(NOX)

~.mltt ..
(TSP)

n
Are the produeta of ln Incampfete combustion end couId be farmed when: 1) A fuel rtch mixture
la bumt. 2) When the full Indo~ Ife nct ln fuR contIIcl 3) When there la not enough Ume
for th. combuItion prac8a to be complllld. 4) When the temperlture in the combUltion
chember la nal high enough.
Largely • byproduct of ene'DY generltfon and use. Total emisslons conslst of the SUIn of C~

produced during the conaumption of 1OId. liquiet. Ind gIIeOUI~ and tram g. nering and the
menuflCbn of cement GIS ftlrtng la the prKtice of bumlng off gIS relelled ln the prac.a of

petroleum extrlctfon. Durlng cemert mlnuflClUrfng. cement fi calcfned to produce calcium
oxkIe. In the~. 0.488 lMtric ton of COz il reIeaIId for uch tan of cement production.
Combultfon of ditrlrent foui fulla rtIuIeI COz Il ditflfent ,..... For the Slme level of energy
ccnumptlon. tuning al ,.... lbout f.5 um. thIlmount orc~ reIeaIed by bumfng naturel

g.; COli combuItion ,.,... Ibcd twice the COz of nIturIl PI.
r. emltld • 1 conIIquenc:e of tuning fuels thIt contlfn tulfur campounda. Thia la true of

ItIncflrd dillelln Mufco. whlch il UIId • fuel by mlny trucb. buIa. Ind IndUltrfal boUers in
the country.
Can be farmed in une different ways: 1) TherrnaJ.No. fa produced when combustion occurs at
high temptratufn (typfcllly lboYe t OOOoC) blcluu the nitrogen contained in the combustion
lir wHl 1110 ruct wlh the IVIUlble oxygen. 2) Fue'" NO. • produced wnen the fuel comIna
niIrogen compounda wtich ruct wiIh the lVIillble oxygen. 3) Prompt- NO. ra the WlY th.

Imaller amounta of NO. Cln be produced. Ind il chnc:terlzed by the rapid formation of NO.

dumg the firIt ltIgea of the combUltlon procesa beginning with nitrogen end oxygen tram the
lir.

CIn be th. conMqUInCe rA a high lSh contert ln the fuel (In the CIIe of fuel ails). or poor
prIRntItion f1 fuel praducing incomplet. bur*g (for lGIid end Iiquid fuels).

Seuces: Environmentll SoftwIre and Services GmbH and

CIrbon Dioxide rnformllion AnaIyIia CenIer (CDIAC). EnviranmIIUI Sc:iIncea 0iviIi0n. c.k Ridge NlIfonIIlIborItory.
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16%. SuIfur dioxide is emitted as a consequence of buming fuels that contain sulfur

compounds (table 2.2), 50ch as diese~ a fuel which is largely used in Mexico (figure 2.4).
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Figure 2.4 Nltional corslmptfon of fndustrial cl.....

Source: Me3dcln Inltlute of EcoIogy. 1996.

Emillions for .... MCMA 11N

(tonlyear and weight perœntage by poIlutant),.. JO, co NOir He TOIII

Toni Cft Toni Cft Toni lit Toni lit Toni Cft Toni ..
par par par Vlar par par

IndUlltry 6.358 1.4 2IMJ51 57.3 8•• 0.4 31.520 24.533.099 32 3

Services 1.0n 02 7.217 15.9 948 0.1 5,339 42 398.433 38.9 413.014 10

TranIPQItation 18.842 4.2 12.200 26.82,M.G7 9&.5 91.787 71.3 555.319 54.1 3.02S,&C5 75

Vegetation and QS.337 94.2 a 0.0 0 0.0 0 0.0 38.909 3.8 484.2. 12
Soil

Tatal e1.1S14 100 45._ 100 2,358.141 100 t2!.M 100 1.025.780 100 4.009.629 100

.,.atli SuIpIncIId Pllticfls
Table 2.4 Poluting emilliona for the MCMA 1994

Source: Mexicln Institute of Ecalogy. 1996
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The ARIC stresses that, because the city is situated at an altitude of 2,240 nt, its

atmosphere contains 23% less oxygen than is round at sea level. This leads to the creation

ofmore pollution as a result of incomplete combustion processes. The etrect ofaltitude is

particularly problematic in tenns ofcarbon monoxide (CO) poUution, as altitude not only

increases the production ofCO but aise increases ils negative effects on hea1th especially

among highly sensitive population groups, 50ch as children, pregnant women, the elderly,

and asthmatics. The high altitude aise causes constant thermal inversions6 which trap

pollution within the city. During winter (November • May) inversions cao occur up to 2S

61bemBl imasioos«green/aIse t!J1!d, wIichBisio êIIIa.ddine;&die Ia''''.'em."""œ. pRXhDlby tbe

ibuJÜll rLUar aagyby the .....'5 uiI:e _ œemb:d as 1mgLr\VcMlellglt infi:nd radiaIiœ. Cafaingases in

lbeabnc~ pùruiIy~wpŒ'ftto ales&etdcpee~ lIIve thcabilly tG abDb tbeClQilwinbulmd8iœ

wbidlis Ira....' 10 bat 11IeœiIe, lbeIe &CXJOœlIldll iIIaeasq QJUii'rali.m rLCD:ft œberttaœ~

gase5cœtolmmadMtieswilleolaœtbeprimseelix:lêlllCIRgkDd~(Bisiom~36).
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clays each month. The city receives intense salar radiation all year round, wbich

accelerates the formation of ozone. The local topography, meteorology and high

emissions of precursor poUutants make Mexico City and its surrounding area an almost

ideal place for the generation of ozone. Ind~ ozone levels in Mexico City are

exceptionally high and present a problem for aU areas ofthe city.

figure 2.10 The greenhouse effec:t in the MCMA
Source: Enviranrnental Software and Services. 1988

AtmoapIWfc

Gas Princfp81 source Reaidence

n",. Y.,.
Carbon dfoxide C~ FossU fuel combustion, 120

deforestation oceans, respiration
Ozone 03 Photochemical readions in the NA

troposphere, transport from
stratosphere

Chlorofluorocarbons CFC-11 Manufaeturing of foam. aerosol 55
propellant

CFC-12 Refrigerant, aerosal propellant. 118

manufaeturing of foams
CFC-113 ElecIrOnics solvent 110

Hydroclhoroftuorocarbons HCFe-22 Refrigerant. production of 16
fluoropolymers

Methychloroform CH3CCI3 Industrial degreasing solvent 6

Tibia 2.1 Selected greenhouse gaes.
Scuce: Bilio Ind Boots.
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•• 2.3 Health effects of pollutants

According to Bisio and Boots, concem about the health risks of air pollution

retleets the ftequency of exposure to numerous pollutants in various environments, the

diverse mechanisms by which these poUutants might cause health etTeets or diseases, and

the wide range ofsusceptibility to pollutants in the population. Humans typically inhale

10,000 to 20,000 liters (Il to 22 kilograms) of air daily, 50 that doses of poUutants

inhaled at even low concentrations may become biologically signiticant with sustained

exposure.'

Adverse tupltIItoty ,...""
tIfects (trHKllcally slgnltlcant

changes)
Examples

Transient shortness of breath due to asthma, requiring
interrupüon ofwork or school

• Increased frequency of full-blown asthma attacks, requiring
medical attention

• Acute bronchitis or shortness of breath requiring bed rest
• Pulmonaty fibrosis resulting from repeated lung

inflammation
• Statistically lower average lung function in population

groups with higher exposure revels.

• Interference with normal •
adivity of the affeded persan
orpersons

• Episodic respiratory illness
• Incapacitating illness
• Permanent respïratory injury
• Accelerated or premature

respiratory dysfunction

Tibia 2.1 Pol~on effec:ts over hlllh
Source: Bilio and Boots.

•

7 Exposure is defined as CODlaCt between the body and the extemal environment containing the agent of

concem. Exposure is one (but DOt the ooly) important detenninant of the dose ofan agent al target sites in

the human body. (mportaDt components ofexposure are the concentration of the agent in inhaIed aire, the

dwation of inhalation of the contaminated air, and the ventilation rate (volume of air inhaled per unit of

lime) during the period. The saDIe exposure may be achieved by various COmbinatiODS of conœntlatio~

dwation, and ventilation rates. However, sbœt-term peak exposures may e1icit biological effed5 tbat are

diffeœot !rom tbat observed in the looger-l~ Iower-Ievel exposures with the same product of

concentration,~ andventilalion mte (8isio and~ 101).
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The respiratory tract of humans possesses important physical, ehemie~ and

immunologie defense mechanism for elearing and detoxifying inhaIed agents. However,

the defense systems May he impaired by disease, overwhelmed by large pollutant doses,

or MaY Dot be fully effective during long-term exposures (Bisio and Boots, 100).

Inhabitants of the MCMA have endured for years long-term exposures to air

pollutants. Figure 2.11 shows the percentage of days per year in which national

standards for air pollution were exceeded (see tables 2.4 and 2.5). Data is provided by

the Mexican Institute of Ecology (INE) for four urban settlements: the MCMA (ZMVM

in the chan), Guadalaj~ Monterrey and Toluca. The MCMA bas faced critica1

environmental conditions during the last decade, with 1994 being the worst year.

.~, .. ~ ,.: :;: ... ~-. ".; !--1;1~~~~~~~;~;:~~~; :~:"~',~:t

....-~:. ~.;. ::. ':~ ;.L::~':~·
..~..,:+

100

80

20

o
ZMVM Mcnerrey Toluca
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Ftg&ft 2.11 Percerage of days exceeding ItIndIrdI.
Source: MexIcan Institut. cl EcaIogy. 1996.



• V.luu
Immediate Exposure Cronic Exposure

Pollutant Concentration and Maximum Public Health
TImeframe Aceptable

Frecuency
Ozone(~ 0.11 ppm Once every 3 years

(1 hour)
Sulfur Bioxide(~ 0.13 ppm Once every vear 0.03 ppm

(24 hours) (annuai arithmetic
average)

Nitrogen Bioxide (NOV 0.21 ppm Once every vear
(1 heur)

Carbon Monoxide 11 PP'" Once every year
(CO) (8 hours)
Total Suspended 260 JJQlm3 Once every year 75IJglm3

Particulates (TSP) (24 hours) (annual arithmetic
average)

Particulates less than 150 JAO/m3 Once every Vear 50 IJglm3

10 microns (PM10) (24 heurs) (annual arithmetic
average)

Lead (Pb) 1.51Jglm3

(3 month
arithmetic
ave e)

Tlble 2.7 CrI.riIl far Air QUility Standa.
Source: Fed....romctII OaBy· Oecember 23. 1994

PST Plf10 S02 N02 CO 03

'.ECA (UhtJ (UIItJ (H!ItJ (1hr) (lhtJ (1h"

l'fi"" l1li"" lJIItrI ppm ppm ppm

100 280 150 0.13 0.21 11 0.11
200 548 350 0.35 0.66 22 0.23
300 827 420 0.58 1.1 31 0.35
400 884 510 0.78 1.6 41 0.48
500 1000 eoo 1 2 50 0.6

•
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A comparative study between Mexico City and Vancouver pointed out tbat there

was a positive stroog association with total mortality in Mexico City for inhalable

particles (PMIO) and an association between daily mortality and ozone (Vedal et al.).

Similarly, a oumber of studies have proved that loog exposure to high concentrations of

polluted air (especially sulfur dioxide, carbon monoxide, and lead) cm cause severe

injuries in the retus and in children under the age of five. Other possible damages to

buman hea1th are listed in table 2.9.

Pollutant
Sulfur dioxide

Carbon monoxide

Nitrogen dioxide

Ozone

Elfects
Taxie even al low concentrations. At between 0.15 ta 0.25 ppm (parts per
million) and an exposure time from 1 to 4 days. or from an equivalent
exposure ta 1 ta 2ppm over 3 ta 4 minutes. the effect on normal peope is
cardiovascufar distress. An hour of exposure at a level of 5ppm can
produce breathing difficulties; at 10ppm lung damage and nosebleeds can
occur.

Acts in the blood to produce carboxyheoglobine. which inhibits the blood·s
ability la carry oxygen. Concentrations of between 4 and 5% cause
headaches due 10 oxygen deficiency while concentrations of around 10%
begin to affect heart fundion; vision is impared. alang with manual skills and
leaming abirdies. Higher concentrations may produce death.
Increases the risk of respiratory disease at levets above 0.062 to 0.109 ppm
aver a 2 to 3 year exposure period. A concentration of 0.12ppm produces
an unpleasant odour (immediate perception).
causes various effects depending on exposure conditions. Most common
symptoms are coughing. reduced athletic perfonnance. increased nasal
permeability. nasal intlamm8lion. and accelerated tracheo-bronchial ftow of

partides.

Tibre 2.9 EfrecIs on human hulth by poIlutant
Source: EnvironmentallOftware and S..w:es GmbH
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2.4 Conclusions

Effects associated with exposure to air poUutants in individuals vary largely trom

relatively trivial health problems, such as eye irritation, headaches, skin irritation and

fatigue, to thase which cao have a serious impact on the respÎratory tract. Fortunately,

not alileveis ofexposure are life-threatening. However, even the minor etrects can have

an impact on spontaneous human aetivities such as walks, exercise, outdoor recreation,

and the general produetivity of the population. Numerous times a year, during the 50-

called environmental emergencies, local authorities cali parents and teachers to cancel

outdoor aetivities al schoals or home, and cars without eatalytic converters are banned

from circulation.8 However, it is only during extreme adverse conditions (staek wind

etTect or severe thermal inversions), that industries are asked to reduce their produetivity

in order ta decrease emissioDs into the atmosphere. Alleged 10ss of capital and lower

productivity rates by industries make it difticult ta enforce this policy.

Both govemment and non-govemment organizations have tried in recent yeus,

through a variety of strategies, to enforce the rational use of energy by ail seetors.

Taetics such as television and radio campaigns to educate people about the importance of

water and energy conservation, and fines imposed on the owners of poUutant equipment

and vehicles, as weIl as the promotion ofthe use of renewable resources to satisfy energy

demands, have been employed at different times.

1 The "One clay witbout c:att poliq did DOt bave 1be positive œsuIts as expeded. In fad. il stimulated the

purchase ofsubsequentvehicl~ dependiDg on the &mily inœme and needs.
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Petr61eos Mexicanos (PEMEX)~ the govemment owned company responsible for

the exploitation, refining and commercialization of oil~ claims to have tightened its

environmental policies designed to reduce damage to the ecosystems during the

extraction and processing of oil. At the same rime, PEMEX bas reduced the amounts of

lead and sulfur in fuels. However, consumption and emissions are still at a high level

and may continue to rise over the foUowing years. Thus, further measures should he

taken to prevent future and more severe degradation ofthe environment.

Statistics show that transportation -especially automobiles-causes the highest

levels ofpollution ofany other sector in the city. The use ofthe automobile is difticult to

discourage, and a considerable amount of wode bas been done on reducing levels of

poUution from internal combustion engines. Other areas of consideration would he the

industrial, residential~ commercial, and public sectors. Industty is the second largest

consumer oftotaI energy in the country, and in the MCMA it represents 57.3% of sulfur

dioxide and 24.5% of nitrogen oxides emissioDS. Comestie, commercial and public is

the third use of energy in Mexico. The service sector counts alone for 38.9'A. of

hydrocarbon and 15.90J'o ofsulfur dioxide emissioDS.

Decreasing the regular combustion processes that these sectors require for routine

operation could reduce airbome pollution. Water heating is one of the regular uses of

energy and it is accomplished by the buming of fossil fuels. The introduction of an

alternative water heating system that does not require burning fassit fuel could, therefore~

reduce polluting emissions. Salar water heaters satisfy this condition, and could he used
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ta provide hot water for residenti~ commercial, public and industrial use. However,

water itself is a rescorce that requires energy to he processed and distributed for domestic

and industrial use. Among the multiple uses for water, sorne aetivities require larger

quantities ofwater than others. Thus, the availability ofhot water needed for each sector

depends on the amount of processing required for its use. In arder to determine which

enterprises require the rnost hot water in the MCMA, the next chapter analyses the

relationship between water and energy, the struggle ta supply potable water ta Mexico

City, and the consomption patterns for a number of industrial, commercial, public and

residential aetivities.
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Chapter3: Identlfylng the target market

3.1 Introduction

In order to determine the possible niche for a large-scale introduction of solar

water heaters in the Mexico City Metropolitan Area (MCMA), it is necessary to identify

domestic requirements, as weil as industrial or commercial aetivities that require hot

watee. However, it is essential ta understand the complex cycle involved in the

supplying of ftesh water.

This chapter analyses bath the provision and the use ofwater in urban settlements

with panicular emphasis on the MCMA Although hot water intended for domestic use

is the biggest user of solar thermal technology, the aim of this discussion is ta

demonstrate that there is a potential market for salar water beaters in the commercial and

industrial sedors in Mexico City.

3.2 Water and energy

3.2.1 Water for urban settlements

According to the World Resources Institute (WRI), the renewable supply ofwater

is detined as the surfàœ water runotr ftam local precipitation, the intlow tram other

regio~ and the groundwater recharge that replenishes aquifers. Apart ftom human~
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water is alsa needed to sustain the natural ecosystems found in wetlands~ river~ and the

coastal waters into which they flow (World Research Institute, 301-7).

Availability ofwater constitutes a major and growing problem in Many countries

of the world. We need water for domestic use, for agriculture, industry, power

generatio~ tishing, forestry, transport and recreation. McNeill states that the basic

domestic requirement is about 50 liters per person per clay -Iess tban 20 cubic meters per

capita per year. Dy con~ requirements for industry are much greater. In ManY

developed countries, water use far exceeds 1000 cubic meters per capita per year.

Falkenmark and Lundqvist, quoted by McNeill, have identified four crucial scenarios

related to water supply: a) water-deprived regioos unable ta achieve food self-reliance, b)

decreasing usability of available water (pollution of surface and groundwater), c)

upstreamldownstream competition for the Wlter passing through a river syste~ and d)

growing competition for water between urban and rural users. However, McNeill states

that competition for water goes even further. He taIks about competition between uses

and between users: between difTerent sectors and different groups of people, and with

regard to the quantity and quality ofwater available. For McNeill, non-domestic uses of

water are "alternative uses, which become competing uses ifthere is oot enough for alI to

he satistied." He alsa identifies three main compooents necessary for the operation ofa

drinking water supply system: transmission, treatment, and distribution.

Transmission improves access, and May improve reliability if the water is

brought trom a more distant and more reliable source. Treatment improves
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quality. Distribution improves convenience, by bringing water right to the

house.

Each of these requires investment, and the money - bath for the initial

investment and, equally important, routine maintenance and regular

operation-will have to come from somewhere (McNeill, 253-61).

McNeill'5 reference ta the economic issue of water converges with Falkenmark

and Lindh. They state that the fundamental importance of easy aeeess to water leads ta

the hypothesis that Many of the less-developed countries would be found in water­

deprived regions in the tropics and subtropics. Falkenmark and Lindh demonstrate that

the poorest nations are geographically located where the following phenomena take place:

a) water is searee for part of the year, b) countries experience intermittent drought years,

or c) experience a high evaporative demand, which prevents much rainfall from being

used in human aetivities, since MOst of it retums to the atmosphere. Their work: aise

detennines that water scarcity cao he overcome by access to the fundamental factors in

development stressed by Cox: knowledge, energy, and money (Fallenmark, 80-91).

Table 3.1 describes the annual withdrawal of water per capita per year and the

percentage ofuse per sedor for a Rumber ofcountries throughout the world. In the case

of developing countries, one can observe that, when water is scarce, it is mostly

designated for domestic and agricultural purposes. More bighly developed and

industrialized countries have bath high per capita withdrawals and a highest allocation of

water for their industries. However, according to the~ during the past twenty years

there bas been a reduetion in the quantity ofwater used per unit of industrial produet in
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the developed worl~ and in a few developing countries. This reduction may he seen as a

secondary benefit ofmeasures taken ta prevent industries ftom polluting.

Annual sedansl Wlthdrawals (percent)
Wïthdrawals

Country Per Clpita (cubic Oomestic IndUlCry Agr1cuIure cubickm
met..)

AfItca

Macf~ 1584 1 0 99 16.3

Egypt 968 6 9 85 56.4

Congo 20 82 zr 11 0.04

litre 10 61 16 23 0.36

Europe
Estoni•• Rep 2907 5 92 3 3.3

BulglIfa 1544 3 76 22 13.9

Ramlnia 1134 8 33 59 2e

R_1ft Federdon 790 17 60 23 117

Nethertanda 518 5 61 34 7.81

Splin 781 12 26 62 30.75

SWlden 341 36 55 9 2.93

SWttzerfand 173 23 73 4 1.19

AJblnii 94 6 18 76 0.2

AIMrIca
Unilldsœt. 1870 13 45 42 oi61.34

canada 1802 18 70 12 45.1

Mexico 899 6 8 86 n.62
Cubi 870 9 2 89 8.1

Hill 7 24 8 es 0.04

Brazil 248 22 19 59 36.47
Guylnl 1812 1 0 99 1.46

Chile 1826 6 5 89 16.8

Argentina 1543 9 18 73 27.6

CoIombia 174 41 16 43 5.34..
Turtemeniltan. RIP 8380 1 8 91 22.8

Iraq 4575 3 5 92 42.8

KaDkhltan.Rep 2294 4 17 79 37.9

Azerblijan 22. 4 22 74 15.8

China 481 6 7 87 460

Srngapore 84 45 51 4 0.19

Indra 612 3 4 93 380

Indonnil: 98 13 11 76 16.59

cambodMl 84 5 1 94 0.52

0CHniII
AUllrlIa 933 85 2 33 14.6

NewZUflnd 589 4S 10 44 2

Table 3.1 AmUlI WIIhdrIwII ln selected c:auntria
Scuce: Worfd R-.ource Institute. 1995
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Figure 3.1 An....1Withdrawlia ln North Ind latin America
Source: Wortd Resoun:es Institut., 1995.

'.,.

Figure 3.2 AnlMl WiIhdrawII in North Ind Latin America
Scuce: Wartd Resowc.s Il'IIIIute, 1995.
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Figure 3.3 Annulll per capta wfthdrlwlr. per sector in North and Latin America

Source: Wartd Resaurces IMUtUle. 1995.

3.2.2 Water and energy consumption

The efforts made to supply water to large urban settlements support the views of

Gleick, who asserts tbat water and energy are intricately connected; the produetio~

transportatio~ and cleaning of water, ail require the use of energy. Energy allows the

processing ofwater that was previously considered either non-potable or unobtainable. It

is now possible to remove salts and other contaminants tram water employing

desalination and wastewater treatment techniqu~ and ta pump water ftom deep

underground aquifers or distant sources. When the demand for water in a region

increases beyond the ability of the region ta supply il, new and more remote sources of

water must he tapped. These projects almost always involve a substantial investment of
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energy. To lift 100m3 ofwater per minute to a height of 100 m requires over 1.5 MW of

electrical power, if the pumps are l000Al efficient To do this continuously for a year

using electricity ftam a typical oil-tired power plant, with pumps that are SOOÂJ efficient

would require the energy content of50,000 barrels ofoil (Gleick, 67-79).

On the other band, water is an essential to the production ofenergy. To produce

electricity, the majority ofcountries around the world use the combustion of ail, coal and

natural gas as their tirst choice, and hydroelectric facilities as their second one.

Withdrawals for cooling thermal electric power plants have increased in the past two

decades as the demand for electricity grows. In the United States, about 470ÂJ of water

withdrawals were directed to this field, and even though net total consumption counted

only as 2.9OÂJ, remnant water was poUuted in a certain degree during the process

(Thompso~ 126-7). The "blowdown" or wastewater produced by cooling towers is

retumed to rivers and lakes at a higher temperature, which causes damage to the regional

ecology. The construction of dams to provide hydroelectric facilities also bas a number

ofhannful effects on ecosystems.

Gleick bas analyzed a number of energy-producing technologies and their

relationship to water consumption. A summary ofbis tindings shows that:

1. The creation of reservoirs displaces wildlife and replaces a flowing water

ecosystem with standing water. The storage ofwater in a reservoir leads to

consumptive water lasses tram evaporation and seepage (estimated al an

average of 5%). This water represents the loss of a resource tbat would
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otherwise be available for downstreant human and eœlogical uses.

Furthermore, when hydroelectric facilities are shared by two or more nations,

political confliets car arise.

2. Industries dedicated ta the exploitation of coal are among the MOst intensive

users ofwater. Water is required for minin& reclamation ofmined land, and

coal combustion, which requires a substantial water for cooling, ash bandling,

and waste disposai.

3. The production ofoil and natural gas, also require the use of large amounts of

water, either for the refining or the cooling process.

4. Oïl, shale, and tar sand water consumption come ftom waste dispo~

processing, power generation, and land reclamatioo. Wastes represent a

constant threat to natural waterways.

5. Nuclear power demands large amounts of water for milling, refining and

enriching uranium, and for the funetioning of cooling process. The current

generation of nuclear plants is less efficient than fossi! fuel plants because of

technological charaeteristics, restrictions on maximum steam temperatures,

and because fossil fuel plants emit a substantial amount of waste beat through

the flue gases. A lypical nuclear plant oPerating al 31% efficiency requires

much more water for cooling than a comparably size fossil fuel plant.

Finally, low-probability, but high-consequence accidents associated with

nuclear plants atso have an impact 00 water resources. The meltdown or

buming of a reaetor core could result in long-term radioactive poisoning of

land and water supplies.
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6. Geothermal resources are currendy considered to he technologically and

economically feasible. The "flash conversion" technology is the simplest and

least cosdy of liquid-dominated systems. In this method, a bigh temperature

geothermal fluid is brought to the surface under pressure, where it "flashes"

ioto steam to drive a turbine. Such systems are in use in Italy, Iceland,

Mexico, New Zealand, the Philippines, and the United States. Flash

geothermal systems also use geothermal condensate for cooüog whenever

possible, thus, minimizing outside water requirements.

7. Estimates for water consumption in salar thermal power stations, which are

used to produce eledricity on a large scale, vary considerably in range,

depending on the type offacility. Most published estimates are low, around 1

ml per IOiewh of electricity. However, the Luz corporation of California

provides consumption data as over 4 ml per 101c.wh(e) and the California

Energy Commission made an estimate for make-up water for cooling and

evaporative losses tram salac ponds ofabout 2S mJ per I01<wh(e).

8. Electricity generated by photovoltaics cells use a negligible amount ofwater.

9. Wind energy facilities require no water for the production of electricity, and

almost none for the construction and erection ofthe wind turbines (Gleick, 67­

79).

At the end of bis analysis, Gleick concludes that increasing energy use in

developing countries through traditional expansion of fossit fuel combustion will lead ta

severe environmental problems and enonnous increases in the consumption ofwater.
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Ta summarize, it is evident that there is a strong relationship between water and

the generation and use ofenergy. As the world's population grows, do does the demand

for water needed for human consumption and other uses. In many regions, local water

resources are often insufficient, and therefore water must be piped from distant locations.

A typical water supply system involves transmissio~ treatment and distribution. Each

step implies the use ofenergy and economic resources that vary according to a number of

factors like the availability ofwater in the area and the distance between the water source

and the place to be delivered.

According to the World Resource Institute, Mexico is after the United States, the

highest consumer ofwater on the American Continent. Mexico'5 annual usage amounts

to 899 cubic metres per capita (77.62 1anJ), distributed among three main areas as

follows: domestic use, 6% (4.66 km3), industry 8% (6.21 km3), and agriculture 86%

(66.75 km3). However, water consumption patterns are not the same for the whole

country. The next section of lhis study looks more closely at the water provision and

demand in Mexico City.

3.2.3 Water for 20 million: the case ofthe MCMA

Water resources in Mexico vary according ta region. Saade states that the annual

per capita availability is about 5000 cubic meters. However, she remarks that the

geographic distribution of the economic aetivity and population in Mexico does not

always correspond to that of the country's rivers and aquifers (Saade, 185-192). While
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over 76% of the Mexican population live in the nonh of the country, ooly 2()oJ'o of the

water resources of the country are available there. Furthermore, there is a big difference

between the supply of fresh water in urban and in rural communities. According to the

National Water Commission (CNA), in 1995 84% of Mexico's total population had

aeeess ta drinking water and 67% ta sewerage services, yet these numbers did not reveal

the faet that ooly 52% of the rural population had treated drinking water and a Mere 21%

bas access to sewerage services.

The Mexico City Metropolitan Area (MCMA) consists of two political and

administrative entities: the Federal District and the peripheral urban municipalities of the

State of Mexico. Management of water and wastewater service within the MCMA is

shared by the Federal District and the State of Mexico, who are each responsible for

providing potable water and wastewater collection and disposai within their jurisdietional

boundaries. It is estimated by the National IDstitute of Statistics, Geography, and

Infonnatics (lNEGI), that 22% of the Mexican population lives in the MCMA, and as

much as 300A. ofthe industry is located there.

According to the National Research Cooncil, the MCMA receives approximately,

60 cubic meters per second (CUlS) of water that comes trom tbree main sources: the

Cutzamala system, the Lerma river and the aquifer underlying the City. Approximately

43~ or aImost 72 percent ofthe water used, is drawn trom various weU fields that tap

the aquifer throughout the Basin ofMexico (Table 3.2).
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Surface water within the Basin of Mexico contributes ooly about 2 percent (1.4

cms) of the water supply for the MCMA The Magdalena River supplies water to the

Federal District, whereas the Madin Dam on the TIalnepantia River supplies the State of

Mexico. Smally naturally occurring springs and streams are used where available, and

these sources aIso enter the distribution system directIy.

Raw Water Sources Federal Distrfd State ofMexico Total

Basin ofMexico weil fields 22.7 20.3 43

Magdalena River 0.2 0.2

Madin Dam 0.5 0.5 0.5

Springs, streams 0.2 0.7

Imported Sources

Cutzamala River 7.6 3.0 10.6

Lerma weil fields 4.3 1.0 5.3

Total Water Supply 35.3 25.0 80.3

TABLE 3.2 Source Ind Quantity ofW••for MCMA Service Areas.
AlI values Ire in cubic mete,. per second (CMS).

Sourc. of fnfcrmatfon: Oepartlmento dei Oistrtto Federal, 1992; Comili6n Estatal de Agua y Sineamiento. 1993.

The CutzamaIa-Lerma System draws 10.6 cubic meters per second (CMS) of

water from the Cutzamala River, whicb is located about 130 km from Mexico City and at

a lower altitude (1000 m below the city level)1. After treatment near the withdrawal

points, the Cutzamala River water is transported by aqueduCl Ground water imported

1The average altitude ofMexiQ) City is 2240 mdcrs above the sea levcl
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ftom the Lerma Basin (4.3 CMS) is disinfected with chlorine and added to the same

aqueduet before the water reaches the MCMA distribution system. A separate aqueduct

supplies the State ofMexico service area with 1.0 CMS ofground water trom the Lerma

Basin. The whole process involves high pumping casts, however, due to a subsidiary

system, the real cost of water is not transferred to consumers. Quadri de la Torre bas

made a calculation of the amount of energy used by the system for a year: he calculates

that in 1992 it took 3.4 million barrels of oil to supply the energy needed to pump, li~

and transport the water trom Cutzamala The cast was SUS60 million, representing 6

percent of the total energy budget in Mexico City, including the energy budgets of

industry, services, residential and transport (Pezzoli, 59).

According to the National Research Council, high wlter subsidies have allowed

aeeess to unIimited quantities of water al an artificially low cost. Because industries

consume large amouots of water, these subsidies have served to eocourage industrial

development within the MCMA Henee, subsidies led to greater consumption and have

contributed to a depletion of water rescurees. This situation is oot unique to Mexico, as

low cost water bas, until reœndy, been a common arrangement worldwide. Water

subsidies have a1ways been popular when govemments wished to promote local

economic development. Subsimes have also been defended as anti-poverty policies.

Table 3.3 shows the oost ofwater in the MeMA.
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Watar rata for non~omutic Watar ratas for cIomatic usera
(Inclultrïaland commercial) u."

Bimonthly Cost per cubie Bimonthly Cast per cubée
Consumption {cubic meter consumption (cubie meter
meters) meters)

uplo 30 $0.40 Upto 10 no charge

from 30toSO $0.87 from 10 to 20 $0.15

from 80 ta 120 $O.n from 20 ta 30 $0.17

from 120 ta 240 51.00 from 30 ta 60 $0.40

from 240 ta 420 $1.17 from 80 to 120 $0.47

from 420 ta 880 $1.40 from 120 ta 240 $0.83

from eeo ta 960 $1.83 from 240 ta 420 $0.73

over980 $1.87 from 420 to 880 $0.83

tram 860 to 960 $0.93

over960 51.07

TABLE 3.3W". Rites ln the Federal DiItrfct ln 1992­
AlI Vllues are in pesœ.

SCUC8S of Information: DePlrtlmento dei Dillrito Feder.l, t 982

Water priees increase according to the bimonthly consumption of the users. The

industrial and commercial consumers require a greater volume of water than domestic

users, and 50 are entitled to a higher rate. The foUowing section attempts to establish

wbich aetivities require the greater amounts of water, in arder ta detennine the water

requirements for a number ofurban activities.

61



3.3 CCIlsumption patterns ofwater in the incllstrial, cxxnmercial, and residentiaI sectcr

Thompson stresses that technology is an important factor influencing water

demand, as technological inventions have increased the demands on water supplies during

the 20th century. The development of indoor plumbing dramatically increased per capita

water use. Similarly, untold manufaeturïng and industrial processes requite water as an

integral companent ofproduction (Thompson, 126-7).

Falkenmark and Lindh identify three phases of a culture's development involved

with water exploitation:

1. Pre-industrialized societies, where water is abundant and the human influence

on it is characterized by relatively small variation in the tlow systems.

2. In a second phase of development, dams are built either to generate

hydroelectric power, or for irrigation, or bath. The control ofwater allows its

transfer to dry re8Îons and a more efficient regional use ofwater resources.

3. In the third phase, the maximum control of a stream tlow is reached and it is

possible to mobilize water to satisfy demands. This stage involves high casts

for water management and resources development.

Water plays a meaningful role in each one of the stages of the socio-economic

development. Societies rely on water supply for both industrial production, and for basic

human needs.

ShikIomanov estimated the dynamics ofwater use in the world by human activity

as foDows:
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W"'uselS 1_ 11. 1"0 1110 2_

Agriculture

Wdhdrawal 525 1550 2290 2880 3250
Consumption 409 1180 11730 2050 2500

Industry

Wïthdrawal 37.2 330 710 973 1280
Consumption 3.5 24.9 61.9 88.5 117

Municipal supply

Wrthdrawal 18.1 82 200 300 441

Consumption 4 20.3 41.1 52.4 &4.5
Reservoirs

VVfthdrawal 0.3 23 120 170 220
Consumption 0.3 23 120 170 220

Total (rounded off)

Wrthdrawal 579 1990 3320 4130 5190
Consumption 417 1250 1950 2360 2900

Unis Ire km3 pet year.
TABLE 3.4 Wartd Wlt. use by human activily.

S~:S~~omenov,1993.

Water demand increases as populations grow, and it is necessary to increase food

production and manufactured goods in arder ta supply human needs. Table 3.5 shows

the wateruse for a number ofindustrial and commercial aetivities in the United States per

unit ofproduction.

Industrial activity however, is by far the ooly economic aetivity that requires

water as a main resource. Municipal establishments (commerce and services) play a

significant mie in the economic vigourofsocieties. Table 3.6 pmvides average and peak

water use for municipal establishments in the U.S. for 1980.
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~""ge ofgtQSS""

USMIfDr

Pamel_ri Unbor GroIawater
Nan- ProceIa Slnilary

Indultry
Wll«UIe production UUd

lraka Coaumptian DIIctwge contact and and lTIiIc.
cooling reIIted

Melti*ldng
Lhrs PIf tanne

~onne 30,000 18,100 330 17,700 42 46 12
CIIcaa weJgtt
LI..ptr tonne

Poulby œ-ing re.dy-to-eook manne 30,800 27,300 1,240 28,100 12 77 12

wergtt

DItry produds
LI.,.. PIf tonne

~onn. 7.06 4,320 2SO 4,020 53 19
nilk procelled

Clnned fruits and
Lier per tonne

vegetables
vegetabfes II10nne 82.200 38,200 3,550 35,700 19 13
camed

Frazen fuis Ind
Lie... per tonne

vegetlbfes
vegetlbla II10nne 93,900 58,8CIO 1,250 57.600 19 72 8

frazen
U.... perler-

MI. beverlges beer Ind rult 111 14 3 11 72 13 15
Iiquor

Pulp Ind paper Ut.... pertonne-
lI10nne 543,000 158,000 4,920 151.000 18 80

mil. Piper

Paper convertlng
Uters pertonne--

lI10nne 27,500 18.100 1,140 15.000 18 77 5
Piper canVlrtld

Synthetic rubber
Ute... per tonne

lI10nne 4&2.000 55,100 11,700 43,300 83 17 <0.05
aynIhllJc rubber

Hydraulic cement
Uters par tonne

lI10nne 5,660 3,470 EI09 2880 82 17
e8ment

Stee'
LI.... par tonne

lI10nne 261,000 159,000 5.840 1s.1.ooo 56 43
ltHI net tona

Ironinelileel Litera pertonne
lI10nne 51,800 12,600 1,090 11.500 34 58 8

foundrtes fIrroua C*tinga

Prtmlry cooper
Ut.. par tonne

lI10nne 442.000 142,000 34,200 109.000 52 46 2
coppef

Prtmllry U.... pertonne
lI1anne 410.000 99,700 1,590 98,100 72 28 2

alumfnlum lluminlum

Automobil.
lIersper

III&.famobie 138,000 43.«Xl 2,- 40,900 28 69 3
lutomobil.

TABLE 3.5w••UIe in Uni. Stat. for 1 Mlection of indultrill Ind commercial KtiYIfeI
SourcI8: KL KoIlar Ind P. McAuley, 1980, • cited in W..,.fn CtIsiS (.eos.8).
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Type Unit Ave,.,. us. Peak usa

Hotels
Motels
Barbershop.
BNutyshops
Restaurants
Nightdubs
Hospitals
Nuning homes

Medical offices
Laundry

Laundromats
Retail space
Elementary schools

High schools
Bus-rail depot
carwashes
Churches
Goif-awim clubs
Residential colleges
New office buildings
Theaters
service stations
ApartlMnts
Flltfood

restaurants

Liter/day/square meter
Liter/day/square meter
Liler/daylblrber clulir

Liter/day/station
Litar/day/..
Liter/day/persan served
Uter/day1bed
Lfter/daylbed
Liter/day/square meter
Literfday/square RIetIr

Liter/day/square meter
Liter/day/sales square meter
Liter/day/student
Lïter/day/student
Liter/day/square meter
Uter/daylinside square meter
Liter/day/member
Lîter/day/member
Liter/day/studeot
Liter/day/square meter
Literlday/seat
Literldaylinside square meter
Uter/day/occupied unit
Uterfday/establlllllMnt

10.4

1.1
207

1,020

81.'
5
1,310

503
25.2
10.3

Il.4
4.3

20.4

25.1

138
194.7

0.5

503
401

5.8

12.8

10.2

121

',710

17.&

13.1
1,470

4,010
132
5
3,450

1,100

202
13.1
265

11

186

458
1.020
1.280

17.8

503

946

14.4

12.8

1.280

1,140

20,300

TABlE 3.. Use ofWIIer in IIIIctId municipallltablilhments. US. 1980.
Source: J.J. BoIInd _ cited in WIt. In CriaIS (411)

The commercial aetivities which consume the most water are highlighted in bold

characters. Included in this diverse group are industries 50ch as canneries, public

servic~ including schaols and hospitals, and businesses 50ch as restaurants, hotels,

motels, and laundries which aU require ta heat water ta accomplish their processes.
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Specifie data for Mexico City's water consumption by aetivity is Dot available2.

However, table 3.7 shows the minimum requirements for water provision in Mexico City.

Typology

1. Residential

Il. services
Offices

Commerce

Health

Sub-genre

Single family

Anyldnd

Commercial retails

Public markets

Public baths

laundromats

Minimum provision of

water

150 llpersonlday

201lm21day

611m2fday

100 IIstandlday

300
llpersonlshowerheadld

ay

40 Ukg of dry doth

Education
culure

and

Hospitalst dinics and health 800 Ubedlday
centres
Nursing homes and asylums 300 IIguestiday

Entertainment

Elementary education

High 5Chools and universities

Temporal exhibitions

20 IIstudentJlum

25 IIstudentJlum

10 llpersonlday

Meals and beverages 1211meal

Recreation 6 llseatlday

Circus and shows 10 llpersonlday

Provision for animais 25 lIamrnal/day

Outdoor sports with change roorns 150 I/personlday

and showers

Stadiums 10 Useat/day
Ccnfnue•••

1 TheNational Commïttœ ofWarer is in the stage ofdeveloping a databae
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Accomodatfon

Hotels, motels and guest houses 300 IIguestlday

S8curity

Communications
and transports

III. Industry

Prisons

Barracks

Transport stations

Parking lots

150 llpersonlday

150 llpersonlday

10 llpassenger/day

2Vm2Iday

IV. Open areas

Industry where manipulation of 100 IIworker/day
materials and substances cause
evidently undeanliness

Other industries 30 IIworker/day

Parlls and garde"s 511m21day

rible 3.7 Mlnrmum provilion for Wlter for Mexico city
Source: Building Rlgufatlon Code far the Federal 0fItrict. 1989

The majority of establishments shawn in table 3.6 have sunilar requirements in

Mexico and presumably have resembling water consumption patterns. For example,

water consumption in elementary and high schools is the same. Hospitals, oursing

homes, and domestic consumption is about 2001'0 bigher in table 3.6 than in table 3.7, but

one must keep in mind that data in table 3.7 are ooly the minimum provision ofwater that

should be alIoeated.
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In the domestic seetor, the use ofwater is mostly associated with personal hygiene

and washing. Figure 3.4 presents the use ofwater for a typical single American family3.

This consumption pattem seems ta he similar ta that ofurban, upper-class Mexicans, who

are considered ta he the second greatest potential target for salar water heaters in this

study.

AetMty

litres per

capita per

day

41.17

83.51

Showers

Clothe.
wuhers
Faucets 43.15
Leaks 35.58

Other domestic 6.06
Bath. 4.92
Di.h wallers 3.71

Toilets 73.06
Total 280. 11

Figure ~A Typicli Single Flmlly Home Wf4er Use
Source: W••WfIer. Americlln WlterWartal~an. 1998

Activities such as showering, washing clotbes and dishes, bathing, shaving, and

band washing usually require hot water.

The World Health Organization recommends the provision of at least 20 liters of

hot water for bathing (Morse, 26). However, the amount of hot water that should be

3 Watcr amsumption for a single family home witbout conservation measures. Thcse numbers could be œduœd

signific:anl1y with efficient pllDllbiDg ml ifWIIcr saving~ lib high -pressure sbowers and 6 litres t1ush toilets
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supplied for domestic use varies according to regional climate and personal preferences.

For example, Enalter, a Brazilian manufacturer and dealer ofsolar water heaters estimates

hot water requirements for residential use (litres per person per day) to he as foUows:

showering, 80 litres; faucets, 18 litres; clothes washing, 15 litres; dish washing, 8 litres;

others 14 litres; total: 135 litres. The amount ofwater required for showering is higher

than estimates for the U.S. and Mexico. According to Valdéz and Martinez4, the amount

ofhot water used for showering in Mexico City is approximately 30 litres per person per

day. Further provision ofbot water for household uses could be estimated at 20-30 litres.

3.4 Conclusions

The organization and realization ofa water supply, and the oost in teons ofenergy

and money, of providing water for large urban settlements, bas been analyzed in section

2. 1.1 and 2.1.2. For both industrialized socleties and urban settlements, water and energy

availability involve the linking of the two resources into a complex system. Water is

used in the production of energy in the form of electricity, or raw fuels and, at the same

time, those fuels are used to purify, transport, and distnbute water through municipal

networks. However, this is ooly one $lep in the water cycle. Domestic, commercial, and

industrial users, require, at a certain stage of their daily aetivities, to use hot water~ which

4 Eng.. Alberto VaJdéz PaJacios ml Eng. Rodolfo Martinez Stœvel an: professors al the Natioual Autonomous

University ofMexico.
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once again represents an investment of energy that is mainly provided by burning fossU

fuels. Nevertheless, emissions associated with combustion processes bave hazardous

etTects on buman health. As stated in cbapter one, the industrial and the residential

sedan, consume about 75% orthe available energy in Mexico. This chapter shows how

hotels, motels, hospitals, restaurants, laundromats, bottle cleaning and can packing plants

for the soda industry, among others, need to be provided with large amounts ofwater and

energy. This faet represents an opportunity to introduce salar water beaters as a strategy

to reduce the use of fossU fuels ta heat water in the MCMA, thus decreasing polluting

emissions to the atmosphere.

Serageldin points that "alternative and renewable energy sources have a

potentially crucial role to play in developing countries and in the business of sustainable

citÎes." He also 5Usgests that if salar technologies were first introduced for low-load

domestic applieatio~ businesspeople wouJd eventuaIly endorse to salar technologies as they

become more and more convinced ofthe cost-etrediveness ofsolar power (Seragel~ Il).

However, the position of this study is that small and medium-size businesses are more

likely to be convinced to switch to salar facilities. The reasoo is that they are more

stressed by the cast of fuels and new environmental policies that, trying to cape with
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pollutio~ impose higher and higher standards for equipment performance5t therefore,

investment in this kind ofequipment could represent important savings in the future.

The next chapter of this thesis looks in detail at the MOst common systems and

fuels used to heat water for small industries, public services, commerce, and dwellings.

It also presents a case study of a salar system operating in the MCMA that demonstrates

the amount ofpotential savings tram the use ofsalar water heaters.

, See cluqm 4, gediœ4.21 and table 4.1
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Chapter 4: Alternative to the use of fossil fuels and traditional

methods for heatlng water

4.1 Introduction

The analysis of water and energy consumption patterns for the MCMA seen in

chapter three emphasize that, the necessity of providing water and energy in large

quantities for a portion of the industrial sector and municipal establishments, was a

detennining factor in their being considered potential users of salar thermal technology.

This chapter presents the next step in the ana1ysis of the possible benefits of using salar

water heaters (SWH). It examines the ways in which traditional water heating systems

warle, and priees ofthe different fuels employed. It then reviews a case study of a solar

water heating system installation aetually operating in the MCMA, that provides over

75,000 litres ofhot water per clay.

4.2 Traditional water heater systems, efficiency, and costs of fuel

4.2.1 Boilers for commercial and industriaI application

The amount of fuel used to heat water varies according to the size of the

establishment, temperature and hot water volume requirements, and the type of system

involved. The MOst widely employed liquid fossil fuels in the MCMA by the industrial

and services sector, are diesel and fuel oil (cbapter 2) table 2.3). 80th have a high-
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energy content, and are easy to store in non-pressurized tanks, making them suitable to

keep in the service yard of the business. Gaseous fuels employed are natural gas and

liquefied petroleum gIS (LPG).

Diesel fuels are mixtures of various hydrocarbons, and are produced by the

distillation of mineraI oil and/or by ~cracking' and hydrogenation ofthe residual produets

of the distillation process. Liquefied petroleum gas is predominantly propane and is

produced ftam petroleum during the normal distillation process. Depending on the

ambient temperature, it is stored in a liquefied state al pressures between S.19 kglcm2 and

15.63 kglcm2 (511-1540 lePa). In this physical state it bas an energy content slightly

lower than that ofliquid fuels (Wellington 576).

The most common devices used to heat water to high temperatures and for the

production of steam are iron or steel boilers. Garcia-Borras provides a detinition and

classifies boiters as follows:

A boUer is basically a east-iron or steel pressure vessel designed to transfer heat

produced by combustion ta a fluid. It is used ta produce hot water, saturated steam

(steam at its saturated temperature), or superheated steam (steam heated above the

saturation temperature).

Non-electrical boilers, bave six basic parts:

1. Bumer, or nozzle, which is the heart ofthe boUer.

2. Combustion space, or tirebox.

3. Convection section..
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4. Stack.

S. Air fans.

6. Instrumentation and controls

Boilers can he classified in different ways according to the fuel they use:

1. Liquid fuels

2. Natural gas

3. CoaL These boilers are used when high steam production is required. They

require large capital investments.

4. Othee solid fuels: salid waste, bagasse, etc.

S. Combination of the preceding. Liquid and natural gas boilers are common

(Garcia-Borras 7).

According to Garcia-Barras, boilers can aIso he classified inta three general types

by the way they are buiIt:

Firetube hoilers: ln this type of baller, hot gases f10w inside tubes tbat are

submerged in water within a shell. Design operating pressures are about 1,034 lePa (10.5

kglcm2
) producing up to 13,154 kg ofsteam per hour. This type ofboiler is the most

popular and is used in small industrial plants. They require a low initial investment and

have high rates of efficiency (8oo" or higher). They can meet wide and sudden load

fluctuations with ooly slight pressure changes, because of the large volume of water

stored in the sheU, and they are ready to use after being delivered on site.

Watertube boilers: ln these hoUers, water tlows through tubes that are surrounded

by hot combustion gases in a sheD. They are usually rated by pounds ofsteam per hour,
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and they range from about 2000 Iblhr ta IOtOOOtOOO lb/hr steam (917 kg/br to

4t535,900 kglhr). Because they are used for high-pressure steam, they require more

instrumentation and more controls, but they are less etTective than firetube boilers.

Electrica/ hoi/ers: They are less efficient than iùel-tired boilers; howevert they

have no staek lasses and no bumer cleaning or adjustment (Garcia-Barras 9).

Inside hoilers, the combustion process is regulated by the f10ws of air and fuel.

The combustion obtained by the reaction between the exact proportions of fuel and

oxygen to etTeet complete conversion to carbon dioxidet water vaport and sulfur dioxide

(ifsu1fur is present) is called perfect combustion, or stoichiometric combustion. Excess

air does not help fuel combustion; when there is no more fuel to bum it merely cools

down the hot gues. Oxygen (Ü2) for combustion usually cornes from airt which contains

approximately 21% 02 and 7901'0 nitrogen (N2) (Garcia-Barras 17-19).

The amount of beat obtained from burning a fuel depends on the fuel and its

composition. The two heating values provided for fuels are: gross and net heating value.

The ditTerence between these values is related to the beat ftom vaporization of water.

More usable heat is released when water is condensed than when it escapes as vapor.

When water is removed as a vapor, the heat ofvaporization is lost. Ifwater is allowed to

cool to a liquid before it (eaves the stack, the beat ofvaporization is released.
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In general, fuels are specified and sald by gross beating value, but MOst

commercial applications realize ooly the net heating value because the combustion gues

are vented at a temperature above which condensation would occur.

Comparative .nalysis of typical fuels

Fuel
Natural gas

Propane
Butane

Naphtha

Kerosene

Fueloil

Coal,
bituminaus

Carbon

75

82

83
85

88

88

80

AnalY5ls, " by _pM
Hydrogen Sulfur

25
18
17
15 0.03

13.7 0.07

13.2 0.3

5.5 1.5

Ash

5

HUlIn, V.luelCcalltp*

GroIS Net
13,250 11,940

11,980 11,030
11,800 10,900
11,558 10,840
11,000 10,310

19,098 17,982

7,830 7,550

Coke

Charcoal
Wood

85 0.5 1 12 8,889

8,000

4,800

6,950....
rra abtlln Btunb mWlfply by 1.8
"YI••Contint ~rfH wfdely.

Nate: Nabnl gal. propane and butane havi hfGher hydrogln contlnta per unit of weight than Dqufd or lCIOd ru.... which
resub ln higher Mating Vllu.. But when equeal volum. of gallnd ail Ire bumed. the ru., ail glves up more hot

blcauu fuel ai. ccnIIins more hydro-carbons PIfunit volume (hlgher specifie gravly) thln th. g..
r......1

Source: Adapted from Garcfa.8orrll.

According to the Ministry of Energy, in 1995 the industrial sector consumed

1,384.66 petajoules of energy. The percentage of energy provided by fuel was: natura!

gas 48.23%, electricity 16.32%; fueloil 16.79011., diesel 5.05%, LPG 1.31%, coke 6.05%,

and other fuels 6.23%.

There are two Mexican Official Regulations (Norma Oficial Mexicana NOM-002-ENER-

1995 and NOM'()12-ENER-I996) that establish the minimum thermal efficiency levels
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for tiretube and watertube boilers, as shawn in table 4.2. The Regulation applies for

boilers with the foUowing characteristics:

C8pacity

Pressure
Temperature

NOM-012-ENER-1996

From 7.4 ta 100 kW

Upto 1 MPa
Saturation

NOM-005-ENER-1995

From 100 ta 8 000 kW

Upto 1 MPa

Saturation

Minimum efliciency for boilera, baud on the maximum heating power.

Thermalload Etriciency (".- Combustible
kW

7.4-100 78 Natural gas 0 LPG
7.4-100 80 Fuel ail, gasoil, diesel

Firetube boilers
100-200 78 Natural gas 0 LPG

100-200 80 Fuel ail, gasoil. diesel
2Q0.8000 76 Natural gas a LPG

200-a000 80 Fuel ail, gasoil, diesel

7.4-100 76 Natural gas 0 LPG

7.4-100 80 Fuel oïl, gasoil, diesel

Watertube boilers
100-200 74 Natural gas 0 LPG

100-200 78 Fuel oil, gasoil, diesel

200-a000 76 Natural gas 0 LPG

20Q.8000 80 Fuel ail, gasoil, diesel

TII*U
eRNIIon .......... ".lbsarbld br .................ouIpUt MIt

pnwided by the full EfllciHey.sobIIlnId uling 'helndlnct meIIIod.
Source: Narma 0ftciI1 MuÎClntl NOM-002·ENER-1995

With the application of the Regulation, and considering the production of 170

equipment per year, there is an estimated average of 100.4 saVÎDgs in the consumption of

natural sas (23 millions cubic meters). Emissions ta the environment are aIse expected to

be reduced (53,650 ton COz and 17 ton ofCO) (CONAE).
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4.2.2 Heaters for domestic and commercial application

The Mexican Official Regulation (Norma Oticial Mexicana NOM-003-ENER.-1995)

estabüshes the minimum thermal efficiency levels for domestic and commercial heaters

that use natural gas or l'G as their combustion fuel (table 4.3). The Regulation detines a

domestic heater as one with a thermalload ofunder 35 kW. Commercial heaters have a

thermalload ofbetween 35 and 80 kW. Bath types are intended ta produce ooly liquid

hot water.

Bath domestic and commercial heaters coosist of

1.Combustion space

2. A heat exchanger

3. Abumer

4. A pilot light

They may be controUed by a thermostat (automatic control of temperature)t a

valve (semiautomatic control), or by pressure control. There are four types of beaters:

Siorage heaters. They consist on a cylindrical deposit to storage water. Water intake

and output are located al the top of the boiler. Output gases tram combustion pass

through a coiI which retaiDS them in the system and thus obtains a more efficient use of

beat produced in the bumer.

Fast recovery healers. They consist ofa combustion chamber and a coil through wbich

the water circulates in order to he heated. They operate by temperature variation in the

water; when their thermostatic controls detect a drop in water temperature, the hoiler

alIows a tlow ofgas to pass to the bumer.
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By.pass healers. The bumer turns 00 and offautomatically wheo it detects a difFerence

in pressure in the buming cbamber, as a result ofwater runs through the system.

Electrica/ heaters. Operation of this kind of heater is similar that of storage heaters.

The main differences are that the heating element is an electric coil, and temperature is

regulated by an electric thermostat (Revista dei Consumidor, XXII).

Minimum afliciency for beaters. bued on the minimum heating power

Type of heater Thennalload kW

Storage

(from 20 1to 360 1)

Automatic and

semiautomatic

8.0-35.0

Fast recovery 6.0-35.0
By-pass
Automatic and
semiautomatic

6.0-35.0

Storage 35.D-80.0

35.D-80.0

3S.D-80.0

Commercial Fast recovery--_......:.._------.-.;..---
By-pass

Vear Thermal Etficiency %

Domestic Commercial

1995 70,0 75,0

1998 72,0· 77,0·

1997 and beyond 74,0· 79,0·

T.....3

-Value under revilfon
Source: Nanna Oficial Muiclna NOM-003-ENER-t995

In February 1999, the Consumer's Magazine of Mexico (Revista dei Consumidor)

published an evaluation of water heaters. The study analyzes 52 different models and

assigns a global quality ratiog ofup to 100 points. It includes priees for all the anaIyzed

madels, a list of physical features to consider for each eategory of heaters, and general
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recommendations for installation and purcbase. Analyzed models include 32 storage

heaters, 12 fast recovery heaten, 2 electric heaters and 6 pass by heaters. Heaters were

trom 14 different campanies (48 national and 4 imported) and were subjeet of the

foUowiog tests:

1. Information provided to the consumer

2. Warranty evaluation

3. Finishing verification

4. Volumetrie capacity test (starage and electric heaters)

S. Heating capaeity test (pass by and fast recovery heaters)

6. Thermal efficiency test

7. Recovery lime test (storage and electric heaters)

8. Combustion test (do not apply for electric heaters)

9. Wind resistance ofthe burning Oame test

10. PoUutant emissions test (do not apply for eIectric heaters)

Type ofhuter

Fast recovery

Passby

Electric

Storage

Analyzed
models

3

8

3

8

2

12

5

5

4

5

1

5-7Vmin
9 -15l1min

1B.2311min

4-9 Vrnin

22-381
38-491

58-621

98-108 1

11~1321

200 1

PrIel tange

(!UIœn pesos)
1,378-2,588

6,580-11,587

1,285-2,999

1,083-1,430

484-3,184

1,249-3,540

1,431-3.783

1,308-4,425

1,502",718
3,180

T..... 4A Priees~WIt.,Mat... in Mexico CRy

Souce: RevtIta dei Conawnklor
Note: Prica (ar Dtcember 1998. One US dohr:: 10 peIœ. Ippronn.tely.
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The study reveals that 19 of the beaters trom ail categories (36%) lCquired a

global mark of 100 point~ meaning that they ranked "excellent" for ail tests. ~meteen

heaters (electrical models were not included) ranked from "deficient" ta "good" in the

pollutant emissioDS test, and 20 heaters had a "regular" to "good" performance.

Figure 4.1 Globaievalulticn of dcmIItIc WIt.. hat'rI
Saurce: Reviita dei CCK1Iumidor

According to Sheinbaum, the residentiai sector is responsible for the 20010 of the

final energy consumption in Mexico, which bad an average annual growth of 2.8%

between 1970 and 1990. However, the demand for LPG rose from 15% in 1970, to 38%

in 1990 (Sheinbaum, 123).

The final use ofenergy, for the residential urban sector was, in 1990:
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Cooking

Water heating

Ughting

Appliances

GJ per capRa %

3.20 44
2.75 38

0.35 5

1 13

Tibia 4.1 Rnidentfll UIe of energy ln Mexico
Source: Shlinblum, 1996

After cooking, water heating is the MOst important final use of energy in the

residential seetor. Sales ofwater heaters across the country rose trom 400 thousand units

in 1980 to more than 600 thousands units in 1990, and it is estimated that ooly 1()oA. of

these sales took place in the rural settor (Sheinba~ 122).

In 1990 there were a total of 11.9 million urban dweUings in Mexico consuming

an average of 3.2 kg per capita per day of LPG (a total of 14.2 GJ per dwelling).

Considering that the MCMA constitutes about the 200A. of the total population of the

country, it is possible to deduce that there is a daily consumption of about 57,600 tones

per day in the city and that about 22,000 tones are destined for water heating.
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4.2.3 How the energy policy in Mexico influences the use offossü fuels

In countries that struggled with ail shortages in past decades or that heavily rely

on ail imports to satisfy internaI energy demands, the use of salar energy bas bad large

promotion among bath the domestic market, and the general industry, and research and

development bas been encouraged and given economic suppon. In sorne cases, there

have been govemmental incentives snch as tax-credits to enfarce the implementation of

solar devices. In ber essay c4Mexico's Progress in Planning and Development of New

Energy Sources" Vargas describes Mexico's policy regarding the use of renewable

energy:

By the mid-1970s Mexico's energy situation was favorable because of the

new hydrocarbon discoveries. Although the abundance of hydrocarbons

clouded the foresight of the expens about the importance of alternative

energy resources, the tirst serious energy-programming attempt in 1980

established among its objectives primary energy-$Ources diversification,

which included the exploitation and use of alternative energy forms.

Although the potential importance of $Olar energy was noted, the program

stressed that the only non-conventional source that could offer any

significant contribution was geothermal power, which it was hoped would

be 0.4 percent of the energy produœd in the country in 1990. The 1984

energy program confirmed that in the long term solar energy would otier

the MOst opportunities because recovery investment in research and
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development was almost assured as a result ofthe resource's potential and

technological flexibility... The translation of these ideas into a cancrete

energy program, though, was somewhat less than satisfaetory. First, high

priority was oot ascribed to alternative energy sources, and how to carry

out a diversification strategy was not detined. Secood, the Hnk between

these and other energy policy objectives was oot made explici~ nor was

their relationship to macroecooomic PQlicy clarified. The energy program

iocluded the use ofalternative sources in power projects designed ta satisfy

the energy requirement of isolated and dispersed rural con~munities where

the expansion and integration of the national electricity grid would have

been very costly and praetically impossible. These sources were

considered then as means ofsatisfying localized demands and not as a part

ofa program for conventional sources designed to satisfy massive demand.

This order of priorities was retlected in the limited economic resources

made available for the development of the alternative sources as opposed

to the volumes of investment in other relatively recent energy

developments such as nuclear power. Most of the technology on

alternative sources in Mexico is at the research or pilot-plant stage. Any

advancement is confined basically to teaching and research institutions,

certain public organizations, and to a lesser exten~ professional

associations. The scope ofthe institutions working on the development of

these sources is limited by economic factors; thus, despite the progress

made in pure and even applied research, the diffusion of conversion
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equipment bas been marginal. This Iimit bas meant that knowledge of the

possibilities, rang~ and iùnetion of this equipment bas been restrieted ta

very specialized circles. It is obvious there is a laek of communication

between scientific and tecbnologica1 research organizations and the

industrial sector. Industry firms utilizing these energy sources are

practically nonexistent (Vargas, 168-69).

Articulo 27 (Article 27) of the Mexican Politieal Constitution grants the state

property rights ovec land and waters within its territory as weil as the right to impose on

private property the method ofexploitation that the state considers most benetieial. The

country's two largest energy companies, Petrôleos Mexicanos (Mexican Petroleum

Company, PEMEX), and the Comisi6n Federal de Electricidad (Federal Eleetricity

Commissio~ CFE), whose aetivities together represent almost ail of the country's

primary and secondary commercial energy production, are state-owned. PEMEX bas a

monopoly avec exploration, exploitation, production, refining, and distribution of crude

ail and natura! gas and is, atso by constitutional decree, the ooly producer of primary

petroehemicals. CFE bas a monopoly avec generation, transformation, transmission, and

distribution of eleetric power. Between the late 19705 and early 19805, ail became a

fundamental factor in the new Mexican development mode~ and taxes on hydrocarbon

exports became one of the MOst important sources of income for the state. PEMEX

rewarded the state not ooly with growing level of tn"butary resources and high-income

potenti~ but a1so with the image of great international solvency. Additionally, the

energy sector contributed to the industrialization and accelerated growth of the gross
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domestie product by granting subsidies to most of the campanies selling their output

locally (Gutiérrez, 2-10). Subsidies in the rorm of preferential priees for energy

consumed are intendecl to encourage the development of ditferent productive areas

(Gutiérrez, 28). The effeetiveness of this policy has been largely questioned and a

number of studies have been made whieh demonstrate that it bas a counterproduetive

effect over the Mexican economy. Waste ofenergy resources is strongly associated with

this method of energy handling. Nevertheless it is still considered to be a protective

measure for law-incame groups tbat would he immediately affeeted by a sudden increase

in fuel priees. Table 4.4 shows the priees ofcombustible fossit fuels for 1998 and 1999.

Combustible pneu for 1991 and 1999

LPG Galoline Pemex PeIne D' 1 Diesel WIthout Inclustrial .
p' x ... lulfur Ga .. Fuel 011renllum 101

1998 3.28 4.88 3.35 3.27 1.09 0.79
Jan 3.13 3.73 2.89 2.81 1.19 0.77

Jul 3.24 3.91 2.80 2.72 1.04 0.75

Cee 3.28 4.88 3.35 3.27 1.09 0.79

annual inaement 4.79'M. 24.93% 24.54% 25.29% -8.40% 2.60%

1999 3.41 5.08 3.81 3.73 1.50 1.09

Jan 3.31 4.70 3.58 3.48 0.91 0.71

Jul 3.37 5.00 3.77 3.89 1.40 0.99

Aug 3.41 5.08 3.81 3.73 1.50 1.09
increment

between JanJ99 3.02% 7.66% 7.02% 7.1SCMa 84.84% 53.52%
andAug199

• 8.95% 35.86% 41.84% 42.91% 28.05% 41.56%

Tibia 4.1 CombUltibie priees ln pesos perrh.
-Increment bItween Jln198 Ind Aug,99

Source: PEMEX
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During the 1990~ the issue ofthe possible privatization ofPEMEX bas raised the

level of general concem about the future of the subsidizing policy. Certain

petrochemical industries bave aIready been sold to private investors. Furthermoret during

1995, the possibility of allowing foreign enterprises to build and operate duets,

installations, and equipment for the transport, storage and distribution ofgas, was part of

a proposai to change the Statutory Law of Article 27 (Ley RegIamentaria dei Articula

27)(Gershenson). PEMEX is not the ooly government..owned company which bas been

subjeet ofprivatization projects: during 1999, proposais emerged for CFE to be sold. If

the state decides to redistnbute the rights to the country's energy management and

exploitation of resources, priees are expected to reach international standards and living,

transportation, and production costs may increase dramatically.

Regardless of whether these changes will be carried out in the near future, an

increase in cost of fuels is inevitable. The straog dependence on ail profits has had the

etTect of making the Mexican economy wlnerable to economic crises. Mexico was

seriously affeeted during 1998 as a consequence of the devaluation of ail priee in the

international market, and the population immediately suffered the negative etrects ofthis.

For instance, the price of diesel and fuel ail rose above 4()O~ sinee Ianuary 1998. Qnly

LPG keeps a priee gain below 1()O~.

If solar energy technologies were installed to preheat water for industrial

processes, there is a possibility to save at least 15% of fuel. Given the enormous amount

of fuel involved in industrial processes, and the high consumption by commerce and
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domestic users, reduction in the use of rossi! fuels through the use of solar devices could

also represent significant savings in terms ofmoney and airbome pollution.

The next section of this study explains what a salar water heater is and how it

works, both as an independent system which supplies hot water for human use, and as a

cambiued system tbat serves ta preheat water when higher temperatures are required.

4.3 SolarWater Heaters as an alternative to traditional methods and fuels

Mexico's geographic location is conducive to extensive use of solar technologies.

Located within the insulation bel~ the average global daily radiation for the MCMA is

between a minimum of 13.S MJ/m2 and 20.7 MJ/m2 (Almanza, 11-23). The convenience

of using solar energy in Mexico bas been discussed by a number of scholars and

institutions throughout the country. Vargas stresses that, compared to other sources, solar

energy has received most of the financial resources assigned for research. Thus,

considerable technological progress bas been made in this field, and sorne of the

equipment and mechanisms used have become competitive intemationally (Vargas, 180).

According to Vargas, tecbnology for developing Oat solar collectors is the one which bas

developed a commercial market, basically because of the high level of design,

construction and standardization. Some of the components for photothermal systems

(thermal active technologies) were imported until the drastic changes in the parity of the

Mexican peso with the U.S. dollar obliged aImost complete suspension of foreign

purchases. These imparts were part of ditTerent scientific collaboration agreements
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.'

between the Mexican govemment and France, GermanYt Italy, the United Sw~ and

Japan since 1973. However, local techniques and resources bave prevailed, and in

certain cases, product results bave come ftom the adaptation of foreign technology to

local needs, a feat achieved more by maintaining and dismantling equipment than by any

real transference ofknow-how (Vargas, 181).

Solar thermal technologiest bath passive and active, have been constantly evolving

and nowadays there are multiple fields ofapplication:

Passive technologies for heating, cooling and lighting are used in architectural design.

Active technologies are employed to convert solar radiation ioto heat that is then

transferred to a tluid. Reat is then used for a number of purposes such as space or water

heating, drying grains, water distillation or air conditioning. Solar thermal collectors can

be classified ioto three categories:

Flat-plate solar collectors: Provide water heating up to 65°C through metallic and

non-metallic absorbers.

lntermediate temperaluTe co/lectors: Require the concentration of solar radiation

(e.g. parabolic-trough collectors) to produce water temperatures ofbetween lOO-300°C.

High temperature collectors: Can achieve temperatures above 500°C by tracking the

sun path and are used to produce electricity. Three major designs have been developed: 1)

the parabolic-trough system, which concentrates solar energy onto a receiver pipe located

along the focalline ofa trough collector; 2) the central-reœiver system, which uses SUD­

traeking mirrors caIled heliostats to retlect solar energy onto a receiverlheat excbanger

located on top of a tower; and 3) the parabolic-dish system, which uses a traeking dish
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ret1eetor to concentrate sunlight onto either a receiver/engine or a receiverlheat exchanger

mounted at the focal point ofthe dish (De LaquiI214).

Solar Water Heaters (SWH) are flat-plate collectors that oiTer an alternative for

supplying hot water for domestic, commercial and industriai use. In the li.S.A., solar

thermal energy use for water heating in residential and commercial sectors is expeeted ta

expand through 2010 (Kreith 236).

4.3.1 How Solar Water Heatees work

The typica1 flat-plate collector panel is an insulated weathertight box containing a

dark solar absorber plate under one or more transparent covers. The dark absorber soales

up heat from sunlight that passes through the cover and then passes the beat to a beat­

transfer fluid tlowing past or through the absorber. This tluid (water, a non-freezing

liquid, or air) delivers its heat directly or indirectly to water stored in an insulated tank

(McPherson 12). The average dimension ofSWH is about 1.8-2.1 square meters, and the

storage tank: capacity for domestic purposes is usually 150-200 litres.

Solar Water Heater systems CID he characterized as either direct or indirect.,

depending on the manner in which water is heated. In direct (open loop) systems, the

tluid heated in the collector is plain water, which flows directly to supply demanda In

indirect (elosed Joop) systems, the heat-transfer tluid is treated water, air, or sorne non­

freezing liquid. The beat it pieks up tram the absorber plate is passed along to the bouse
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water through a heat exchanger, such as a coil inside the tank or wrapped around the

storage tank shell under the insulation (McPherson 14).

Both, direct and indirect systems work either by thermosiphoning or with the aid ofa

pump:

Thermosiphoning. In this system water circulates by natural convection and gravity,

rising and falling in response to solar beat. As long as the absorber keeps colleeting heat,

water wanned in the collector rises mto a storage tank placed slightly above i~ while

cooler tank water rons down to take its place. Thermosiphoning units are simple,

relatively inexpensiv~ and require little maintenance. In their simplest form they are not

suited to freeziDg climates, because water remains in the collector at all times.1 The

storage tank must be located at least 60 cm above the collectors (McPherson 14).

Pumped. A direct pumped system is aften used when more flexibility in system

layout is needed. With forced circulation, the tank need not be located above or even

near the collectors. A direct pumped system typica11y relies on "drain..down" for

protection against freezing. The pump moves wlter through the collectors ooly when

there is enough salar radiation to produce useful heat. When the pump shuts off -

whether by automatic control or due to power failure-the colleetors are drained by

gravity flow (McPherson 15).

1 However il is possible ta instaIl a sman anti-fteezing moc:uIe thal contains a tluid (e.g. glycol) that

prevents fteezin& ora valve ta drain the collectors.
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Tbennosiphoning systems are the most economic choice for residential use (single

family). Pumped systems are aimed to accommodate circulation of larger volumes of hot

water, as in the case of multi-family residential units, commerce, industry, and pool

beating.

Eventually, other devices such as thermostat contraIs and back·up systems may be

added. Back·up systems could he a conventional gas (or diesel) system or an electric

one. When back..up systems are used, the salar system serves more as a pre-heater rather

than being the main heating system. Nevertheless it still provides considerable savings.

1 GLASS COVER
2 ABSORPTING SURFACE
3 COPPER PIPING
4 INSULATION
5 FRAME

FigIn 4.2 Components of a "at1'latl colfectar

92



COlD
WATER

~
HOT
WATER •

t
COlD
WATER

PUMP
T TERMOSTAT

93

COt.D WillER fA
STORAGE '. 1

t
~ HOTWATER

Figure 4.3 Thermoslphonig avstem

COLO
WATER
STORAGE-....-r-

"HOT
WATER

PUMP

Ftgure 4.4 Pumped system



From Citcuiation ro Ort:JlaÜOO ....i Ta ConslInprfon

BacX·t4)
Heat EJchanc;Ier

t30 t1~

11 From caJecIori

To ColIectcrs- .- :4
12 ~E>_"""

'*-~
i -~ W-~~
1 ~ - City WaJer

~
;

P2
CiIyW8W

Figure 4.1 Array of 101. water he.ters

94



• 4.4 Case Study

The foUowing is an example ofa solar water heater system in aetual operation in

Mexico City. The system was installed during the hospital'5 major renovation during

1993, and bas been working up to date. Data was collected on site, both through direct

observation and interviews with the Maintenance EngÎneer in turn.

Project: "20 de Noviembre" National Medical Center

Contractors: Aquasol S.A de C.V., Môdulo Solar and Construetora ICA.

Place: Mexico City.

Year ofconstruction: 1993

Project leaders: Iaime Sotomayor, Carlos Sotomayor and Octavio Garcia.

•

Description of/he project: 1000 square mettes of collecting surface (aluminUID plate

and copper piping, and copper plate and piping coUeetors), modules of 1.9 sq.m., pumped

system. The system delivers hot water for all purposes in the hospital, at rates of 50-60

cubic meters per day (Source: CONAE).

Hospital bulltsu"-ce m2
Building A (Hospital Tower) 40,829

Building B (Extem consultation) 8,333

Building C (Administration) 1,210

BuDding 0 (Research and Labs) 10,230

Building E (Classrooms) 845
Building F (Medicallntemship) 86

Building G (parking) 222

Total 11.751

T..... 4.7 case Study.
-Z de Noviembre- NltionaJ MedicII C8rùr. Mexico CIy.

HOIPbI buillUfflce.

95



• Water use anddemand

Requ/remems ofhot Wllterlnpor

Central kitchen
Floorkitchenettes

Sterilizatlon and Equipment Center
Air conditioner
Showers (3600 empoyees)

Moming shift
Aftemoon shift
Evening shift
Nursing school

Imems
Patients

Total

No laundrv
Laboratories
Extem consultation (1000 patientslday)

6 cooking pots 150 Vpot
10 units
vapor 118-130oC

800-1000 showers*
400 showers
400showers
100showers
150 showers
400 showers

2200 showers

9001

n.1

n.1

n.1

120,000-150,000 1
80,000 1

60,000 1

5,0001
22,500 1
60,000 1

330,000 1

n.a
n.a

•

*150 1of water per shower: 100 cold water + 50 hot water

Tibia 4.1 Case Study.
~ de Noviemtn- NaUonal Medal Center. Mexico City.

Requitements ofhot water.

Water storage (cistems' capacity)

Building A 388 m3

Building B 120 m3

Parking building 44.80 m3

Nursing schaol 151.20 m3

Total 704m3

Water is taken from municipal pipelines

Tibia"" c.. Study.
"20 dl Novfembre- NItianII Medical Center. MeJàco City.

WItIrl stange capacity.
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• Water discharge

DfschBlge cistems' capacify

Primary cistem
secondary cistem
Subtotal
Total (2 discha es per day)

480m3

900m3

1380 m3

2780 m3

TIIM~10 CIIe Sludy.
~ de NO'Iiembre- NltIonal Medical Center, Mexico CIy.

Dilcherge ciltems'ca~.

Hoi water tanks

So" Pre-heating system
Average temperature
Pressure
Maximum temperature registered
Reserves
Total

% of heat losses due to distribution:

30°C
5 kglan3

8SOC (May)

4*20,000 1=80,000 1
156,0001

n.8.

•

Tlble 4.11 ca. Sludy.
"20 de Novfembre- Nltfonal Medicli Cent., MexJco CIy.

Thennalltcnge tanks' caPIdtY.

Baclcup equipment 10 meel hot water and vapor requirements

The system works as a solar plus backup system. Salar arrays were installed ta

provide pre-heated water to the existing hoUer in order to reduce time and fuel for the

vapor to he produced.
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•

Watertube Boiler 13,808 kgJhr nominal capacity (750 vapor horse
power pressure)

Vapor production 400 tonlhr
Fuel: Diesel

Fuel consumption: 300 IIhr (90,OOOlimonth)-
Fuel storage tank capacity: 15,000 1
Fuel costs: $339,300/month.. ($US 33.930)

eA truck cornes 8 limes per month to refill the diesel tank

.. Diesel Drice for Julv 1999

Tible 4.12 C.. Study.
"20 de Naviembre" Nation•• Mecical Center. Mexico City.

Chlr'8Cteristics or the backup system

Savings estimation due to solaT system

Maintenance engineers calculate fuel savings of around 1S-20010 per month

(16,875-22,500 litres of diesel), otherwise estimated as a Monthly consumption of

112,SOO litres. Economie savings are about 563,618-584,825 pesos per month ($890,658

pesos annual average savings).

Cast ofthe solar system

The cost of the solar system was not available. However, an estimate is done

based on the cast ofsimilar salar water heaters (see appendix B).
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• Colledi surface

cast per square meter*
Cast of starage tanks

Subtotal
Installation cast­
Total

1000 sq.. m.
$853

$760.000
$1.813.000
-.a3.900
$2,011,100

• Prfce in pesos per IqUire meter for a copper plate and piping coIlector, • for OCtober 1999.

.. Iftltalation COlt la about 30.. of the total COlt of the lyItIm.

Table 4.13 c.e Study.
"20 de NOYiembre- National Medfcal Center, Mexico City.

Eltimated COlt of the lOIar system.

If the solar coUectors were to be installed today, the average annual savings per

year (5890,658 pesos) could pay for the system in 2.35 years2
•

Benefits ofthe solar-powered system, other than fuel savings, have been observed

by the maintenance team. The preheating ofwater considerably reduces the rime for the

vapor ta be produced in the boiter (on clear days in springlsummer, the system provides

water al temperatures up to 65°C). Funhermore, output hot water that is circuJated

towards the storage tank via the three-dimeosional roof structure that shelters the hall of

the building, prevents the accumulation of ice ftom an oCC8Sional hailstorm 00 the

structure's glass cover, thus serving as an anti-fteeziog device.

The $Olar system does not generate air poUution, is silent (an important feature

given the type of building), and requires minimal maintenance procedures, such as

periodic cleaning ofthe glazing surfaces and ilispectioo offlow rates and pipiog leaks.

• 2 CalculatiOil based on a simple paybadt analysis. See chapIer S, page 104, and appendix A.
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4.5 Condusions

The type ofsystem used for water heating is an important element in detennining

the amount of energy and Money expended on the heating of water. In the industrial

sector, watertube and tiretube hoilers are common deviees used when high temperatures

are required for steam production. The average efficiency rating for boilers working with

natura! and LP gas is approximately 76%, and 800" for those working with fuel oi~ gasoil

and diesel. The combustion proœsses that take place inside these boilers (eads to the

production of hea~ but also to the production of toxie gases such as sulfur dioxide and

carbon dioxide. The amount ofheat and polluting emissions obtained depends largely on

the chemical composition ofthe fuel. Diesel is largely used as a combustible for industrial

boiters; however, it contaiDS sulfur which later combine with oxygen to produce sulfur

dioxide. Natural gas is less poUuting, nevertheless, eaeh cubie metre ofnatural gas saved

reduces carbon dioxide emission ioto the atmosphere by 2.33 kilogrames.

The subsidized system for oil produets in Mexico encouraged for decades the use

of fossit fuels for a great variety of purposes. In 1995, the indust..,al seetor consumed a

total of 328.345 petajoules (Pl) of energy. Fossil fuel consumption was 230.82 PI

(16.79010) offuel oil, 69.41 PI (5.05%) ofdiese~ and 18 PI (1.31%) ofLPG. Information

for the specifie use for that energy was not available for this study; bowever, it is likely

that a large amount ofthis fuels was used for steam production].

l 0Iberuses œuIdbe transpoI1ationofmateriaIs fiom place ta place. and power supply for lDOIOrS and machines
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Estimated consumption for the MCMA in 1990 was 22,000 tones ofLPG destined

ooly for domestic water heating, which is the second use of this fuel in urban dwellings.

Domestic water heaters perform al about 72% ofefficiency and therefore, are slightly less

effective than industrial boilers. Although LPG is less ponuting than diesel or other

liquid fossil fuels, it is a dangerous material to bandle and require the installation of

proper piping and storage tanks to avoid leaks and accidents. Smaii solar water heater

systems (4-6 sq. m) could easily satisfy demands of hot water for domestic use.

However, given the faet that LPG is aise used for cooking, and that the system represents

a major investment, households May not want to use this technology unless they are

having serious problems with gas delivery. This tendency May change in the future if

priees for LPG continue to rise and the cost of a solar device becomes competitive in the

energy market.

However, for higher volumes of fuel consumption, solar water heaters are a

reasonable option. The case study demonstrates that, although the initial investment is

high, the installation of SWH for water preheating represents important savings in tenns

of tinte for the steam to he produced, and fuel for the operation of a boiter. After a

certain period oftime, the savings on fuel will pay for the cost ofthe system and net gain

could be obtained. Ifsolar devices were installed in mass scale in the MCMA, it would

he possible to achieve a significant reduetion of polluting emissions and therefore, a

better quality oflife for its inhabitants.
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Chapter 5: Conclusions

The analysis of the environmental statistics available for Mexico City made it

possible to identify the principal pollutants and their origins. It was aIso possible to relate

the use ofenergy, especially the utilization of fossil fuels, with the generation of harmful

emissioDS. Transport is the sector that requires the bighest input of energy and

consequently is the cause of MOst pollution in the Mexico City Metropolitan Area.

Industry is the second largest consumer ofenergy, and represents 57.3% of sulfur dioxide

and 24.5% of nitrogen oxides emissions in the MeMA. The domestic, commercial and

public sector is the third bighest user of energy in Mexico, and is the second source of

carbon monoxide, while the service sector counts aJone for 38.9OAa of hydrocarbon and

15.9OAa ofsulfur dioxide emissions.

The efficient use of energy in transportation is out of the scope of this study,

which focuses on the potential contribution of the industrial, commercial, public, and

residential seetors through the reduction of the amount of fossil fuel that these sectors

consume. Considering that the provision of water is a process that itself requires large

amounts of energy, and that a variety of aetivities require hot water for their operation,

one ofthe objedives ofthis thesis was then to detennine the most demanding consumers

of hot water in the MeMA. Water consumption patterns for a number of industrial,

commercial, public and residential users were extrapolated ftom statistics in the United

States as detailed information for the use of water by sector in Mexico is not yet
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availahle. Statistics show that hoteIs, motels, hospitals, restaurant~ laundro~ bottle

cleaning and cau packing plants for the soda industry, among other consumers, need to he

provided with bath, water and energy in large quantities. Although one cao assume that

these businesses operate in a similar way in the v.s. than in Mexico, there are still

significant differences, and therefore, development of a loœl database is essential to

provide a more accurate pieture ofthe water consumption in the city.

ln Mexico, the equipment used to provide bot water for these activities is

classified either as industrial boUers or domestic beaters. Industrial boilers use diesel,

natural gas, LPG, fuel ail and gasoil as fueL The average efficiency level for these

boilers and heaters is about 76% for those tbat use natural gas or LPG, and about 80010 for

those uSÎDg fuel oi~ gasoil and diesel. These fuels are widely available in the city, and

have benefited trom subsidies that make them an atTordable energy option. However,

subsidies tend to expire, and buming offuel oil and diesel contributes to the generation of

sulfur dioxide, which is toxie even at low concentrations, and can cause cardiovascular

distress. Other pollutants derived from the buming ofthese fuels are carbon dioxide and

nitrogen dioxide, which cau increase the risk of respiratory disease, especially in

wlnerable groups such as children under tive, pregnant wome~ and the elderly.

Domestic heaters use mainly LPG, whicb is less polluting than other fossil fuels;

however, CONAE stresses that in 180 air samples taken tram Mexico City between

February 1993 and May 1995, there were bigh concentrations of reactive hydrocarbons

derived ftom LPG. These concentrations are the result ofgas leaks that have a massive
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• impact on the atmosphere, and play a key-role in the ozone production of the MeMA. l

Furthermore, the geographical location of the city makes the dispersion of pollutants

difficult, especially during winter months, whicb increases health problems. Therefore,

the use of solar water heaters is proposed as a strategy for reducing the amount of fuel

humed to accomplish industrial and domestic processes. This could result in the overall

reduction ofhannful emissions, with a positive impact on the population's health.

Higher oost, compared to traditional systems, is often the reason that consumers

may not consider salar water heaters as a viable option, even though salar technologies

are inherently non-polluting and are relatively independent tram fossil-fuel priee

increases. A simple payback period analysis may offer the prospective investor a general

idea of the economic benefits that a salar water heater system cao provide. It identifies

the amount of time required for the savings generated by the SWH system to equal the

cast of implementing the option. Expressed as a fonnula:

Simple payback =
Initial cost

Annual savings

•

Nevertheless, the simple payback analysis fails to consider the time value of

money and the impact of inflation that affects energy priees in generaL2 However, other

methods of analysis should be used if a more in-depth study is required. Life cycle

t CONAa citing a study made by Blake aud Sberwood.

2 Professor Madinez-S~ from tbe Naliœa1 Autonomous University of Mexico (UNAM), bas proposed

a paybact metbod tbat iŒorporates the inOation l3Iio of the cast offuels for a given period oftime, and the

estimates savings provided by a solat system (Martfnez-S~ 13). See appeudix A page X
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costing, for instance, considers the accumulation of oosts of a produet over the entire

period of life, e.g. costs ofpurchase, instalIatio~ maintenance, and operation, as weil as a

present worth analysis.3

Economie evaluation based on the cost offuel~ although important, should not be

the sole factor in the consideration to substitute traditional methods for water heating in

the MeMA. Due to the volume of fuel consumed by industrial and commercial

applications, the payback period for salar installations is usually shorter in this sec:tor than

the paybac:k period offered for dweUers. Although the performance ofdomestic beaters is

good, an influential element to persuade householders to adopt solar water heaters could

be the inconvenience that LPG home delivery represents for a vast majority. Each year

thousands of homeowners complain before the Consumers' Protection Office about the

inadequate service provided by gas companies. Complaints vary from late delivery and

illegal price-hikes, to the failure to repair leaks within a reasonable period of time. As a

consequence, accidents occur ftequently.

The enforcement of interaction between research centers and the industrial sector,

the capital goods industry in panicular, with the object of standardizing equipment and

reducing production costs4
, is especially important in the achievement of major

l Present wonh aoaIysis represents the pœsent value oC savings. [1 is based on the concept that a doUar

reœived today is wonh more than a doUar received al sorne lime in the future (Tota/ EnergyManagement't

56)•

.. As proposed by Vargas as a part of the three major guidclines to promote alternative energy resources

(Vargas. 188-89).
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acceptance and successful introduction ofthe utilization of solar thermal technologies on

1 mass scale.S

In future y~ the Mexican solar energy industry6 faces the challenge of

increasing Iwareness in order to achieve 1 more prominent spot in the market place. The

possibilities of success would increase with adequate promotion of the solar benefits

among foue principal sectors: the general public, the construction industry, enterprise

owners, and govemmental groups. The general public sbould he provided with explicit

information, aimed at advising and educating tbem on the use of solar technologies.

Pamphlets, catalogues, and Internet sites are some methods through which familiarize the

potential user with the benefits of soIar energy. Pricing and technical information is

difficult to obtain. A more open attitude ftom dealers and manufacturers about sharing

this kind of material with the general public, developers, and researchers should help to

better evaluate this technology. The construction industry should also be weil infonned

about the use and implementation of soIar systems, as they could, tram the initial stages

S The eIaboration of official reguJations and national standards should aIso prevent inef6cient technologies

atrectïng the image of solar ener&Y teclmology. Special attention sbouId be paid to providing quaIified

service and teehnical support.

6 Universiûes and 0Iher institutional research centers~ for a long period of~ been the only

organizations dedieated to solar tedmology development in Mexico. Nevertbeless, some effons bave been

made tbroughout the years to expand awareness on solar energy and 10 link academic resourœs to indusuy.

The conœm of a number of specialisas and manufadurers interested on aeating a fomm to exchange

information and contribute 10 the promotion of solar eœrgy in Mexico, lead to the creation of the National

Association ofSolatEDergy (Asociac:i6n Nac:ioaal de Energfa Solar, ANES). The Associati~ established

in 1980 as an independentcivil society, DOW assembles academic: staff: professio~ solat business reIaled

people and studenIs iDterested on the solat fidcL
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of design, he considered as an integral part of the building, thus facilitating instalIation

and enhancing overall performance.7

For decades, the high energy-use sectors have been implicitly encouraged the use

fossil fuels through subsidy policies that artificially reduce the cast of fuels. However,

governmental organizations should consider the preservation of human health and the

environment as a priority, oot as a benefit which is secondary ta economics while

developing future energy plans for Mexico.8 If: for ecooomic and poütica1 reasons, these

subsidies are unIikely to disappear in the short..tenn, renewable resources should be

encouraged with comparable stimulus.

This thesis is a review ofthe present circumstances MOst likely to be considered in

the selection ofsolar energy as an alternative technology to satisfy hot water requirements

in a number of businesses and services. The next step wouId involve a more detailed

study of hot water consumption for the various seelors, as weU as a survey of the

available salar systems in Mexico, in order to provide more precise information about the

feasibility ofimplementation.

7 Sec appendix C

1 The National Committee for Energy Saving (COmisiOD Naciœal para el Ahorro de~ CONAE) bas

aIready started a number of programs aimed to~ offer tedmical assistance, and prolllOle the

ratiooal use ofenergy and energy-saving sttategies througbout the country.
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AppendixA

Economie eva/uation ofa so/arWllter hut.rsystem

Sala,......h..., rorahotll

Place:
Number of guests:
Annual occupancy rate:

Daily hot water consumption:

Manzanillo, CaRma, Mu

300
60%
3511guest

Temperature ofwater: SOoC
Estïmated fuel savings provided by the salar system: 80%

Traditional system:
Capacity:

LPG consumption
Gas storage:
Cost of system, induding installation:

Solar system:

Size of system:

Hot water storage:
Cast of system, including installation:

Annual LPG consumption:

Average priee of LPG (1995)

Annual inflation rate for LPG (1995)

lOS

1 firetube boUer

70.560 Kcallhr
9.311hr
28001 tank
S 24,631.QO

SOlar water heaters. Absorber plate
100% copper, 1 caver
87.4m2

SOOO 1tank

S 73,000.00

50,000 1

$0.8311

31%

Economie evaluation of a salar syIIem

Scurce: Martfnez-strevel. 1996
Continue.__



Annual cost of fuel:
Cost of fuel without

$Olar system

151. Yeer Annual consumpllon • LPG avnge priee = S 41,500.00

2nd. Ysar Amu.I coœumption 11l * AmUI' InftIUon rite = $ 54,451.81
V.r forLPG

3Rt. Year AmUlI coMUmption • Annual Inflltion fit. = S 71.445.25
2nd. V.r forLPG

Total = 5187,398.88

Savings generated by solar
system:

Savings

1st. Year eo1ftoflMuaJ * LPG IV'" priee = 533.200.00
ccnumption

200. Year Savlnp IMUlI * AmUlI inftlllon flte = S 43,561.29
co,...,mpion 11l V'lr farLPG

Savings far 2 yel,. = 5 76.781.29

3rd. Year Savi1gs IMUI' * AmUI' Inflation rat. = S 57.158.20
CONUmption 2nd. V'lr forLPG

Total savings for $210.878.78
three years

Economie evaluatfon of 1 salir system
Source: ,.rtinez.streveJ. 1996
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Priees ofsol., wa'"h..,.rs in lfex/co

Esti...... colt per square meter

Type of colledor priee

Polypropilene $520-$810

Copper plate without caver 5435-$500

Aluminium and copper plate with cover $550-1870

Copper plate with caver $684-$805

Note: Priees in Mexicao pesos as for June 1998
SolRe: Ing. Radatfo Mlrtfnez Strevel. UNAM, 1998

•

Capacity (1)

120

300

500

priee

S 1,950

$ 3,765

S 5,145

Note: Priees in macan pesos as for June 1998

Sowca: Ing. Rodolfo Martrnez Strevef. UNAM. 1998

110



•

•

Manufadurer/dealer. Sunway de M6xico•

System thlt provides hot water for domestic use
Type of collectar Copper plate and piping with glass

cover, 1.01X2.09 m
priee per unit total

Number of users 8

COliectors required 2 $ 1.800.00 $ 3.800.00
Storage tank. 350 1 1 $ 5,800.00 $ 5.800.00

Anti-freezing valve 1 S 900..00 $ 900.00
Installation S 8,000..00 S 6,000.00

S 18,100.00

Note: Priees in Macan pesos, for Odober 1999. indudes tax.

Total area of system: 4.22 sq.m
Made in Mexico

Manufadurer/dealer. Instalaciones T6enicu Especializadas

System that provides hot water for domestic use

Type of collectar Capper plate with glass cover,
1.20XO..90 m

priee per unit total

Number of users 8

Callectors required 5 S 2.125.00 S10.625.00

Storage tank. 300 1 1 $ 3,780..00 S 3.780.00

Storage tank, 150 1 1 $ 3,132.00 $ 3,132.00

Anti-freezing valve 1 S 838..00 S 900.00

Installation n.a

S18.437.00

Note: Priee in Mexican pesos plus tax (15").. OCIober 1999..

No installation cost provided.

Total area of system: 5..4 sq.. m

Made in Mexico

Manufadurer/dealer: Sol-a-iris

Type of collector Polypropilene, 1..22X2.44 m

priee per unit

$ 2,750.00

Note: Importees collector, no more information provided. OClober 1999•
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• TechniCli ....cifications for 4 commerciallolar water hute,.

Type ofcollector Polypropl1ene Copper plate Aluminium Capper plate
and piping plate and and piping
withaut caver copper piping with cover

with caver

units

Insulation material's 0.01 0.01 m
thickness

1nsulation material's 0.038 0.038 W/moK

conduetivity

Distance between 0.02 0.02 m
plate and caver

Calledor's length 2.95 2.11 1.70 2.11 m
Collectars width 1.22 1.18 1.00 0.90 m
Area 3.6 2.50 1.70 1.90 m2

Plate's absorptivilY 0.88 0.88 0.88 0.88

Plate's emissivity 0.90 0.88 0.88 0.88

Cover's emissivity 0.88 0.88

Colledar's pipes 2.95 2.0 1.6 2.0 m
length

Number of glass 1 1
cavers

External diameter of 0.008 0.013 0.013 0.013 m
pipes

Internai diameter of 0.004 0.011 0.011 0.011 m
pipes

Distance between 0.0075 0.15 0.15 0.15 m
pipes

Plate's !hennal 385 211 385 W/rrf'K

canductivity

Joint's conductivity 33 5 33 W/moK

Plate's thickness 0.0002 0.00038 0.0002 m

Note: Trade marks not provided
Source: ln;. Rodolfo Mlrtfnez strever. UNAM. 1998•

•
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AppendixC

Basic tequ;rements for the good performance of a sola, nter huter

system'

C/imote andregiona/ considerations. Specifie regional climatic considerations include:

Natural fàctors:

• Sun altitude and declination, for consideration ofcollector aperture tilt and shading.

• Orientation -due south vs. magnetic south--to determine orientation ofcollectors and

building geometry (in the case ofnew constructions)

• TopographYt for consideration of building into slopes, earth berming, and otherwise

maximizing southem exposure and minimizing others.

• Altitude, for the etfects ofatmospherie density

• Vegetation, as it affects shading, retleetion and air movement

• Ground temperature, as it affects ground water temperature and earth exchange

cooling

• Water table height, for considerations ofexcavation, burying of$lorage elements, and

wetting ofinsulation

• Water quality, its minerai content, pH, etc, when used for heat transfer tluid or

thermal $lorage

1 Adapted from Petfonnance Criteriafor So/ar Heating andCooling Systems in ResidentiaJ Buildings.
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Man made factors:

• Density and growth of development, with relation ta solar rights, shading, glare, and

obtrusive installations

• Pollution of air, as it affects insolation, corrosion of exposed p~ stain and dirt

deposits on collector cover plates or glazing

• Building materials and architectural character, consideration of mass and geometry

• Building codes, to the extent tbat they constrain salar applications

Climatic factors:

• Temperature: annual average, seasonal and daily

• Salar radiation: annual, monthly, daily, hourly

• Wind or air movement: direction, velocity, frequency

• Relative humidity

• Rainfall,snow, freezing rain, etc.

Sile considerations. Achieving an optimum orientation for the building and/or collector

apertures is ofprimary importance. Doring the winter months, approximately 90010 ofthe

sun's energy occurs between the hours of9:oo a.m. and 3:00 p.rn. [t is important that

salar collection surfaces Dot be significantly shaded during this time.

Building/solar system interaction. Solar components should be located where the

potential for their misuse is minimized. The proximity of system components to

sidewalks and playgrounds should be examined to minimize potential misuse or

vandaIism. Building exhausts, plumbing vents, or other air discharge openings through

roofs or exterior walIs shouJd not be located 50 that their emission will cause the

deposition of grease, lint, condensation, or other deleterious materials on solar
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components, especially apertures or collector g1azing. Similarly, salar components

should not interfere significantly, eÎther physically or aerodynamically, with building

vents, flues, and exhausts.

Domestic hot water. The combined salar and auxiliary domestic hot water system sbalI

efficiently utilize salar energy to reduce the consumption of depletable energy while

providing domestic hot water at required temperatures and deüvery rates.

Temperature for domestic hot water. The system (combined solar and back-up system)

should be capable ofproviding hot water al a tap temperature ofup ta 60°C.

Domestic daily water use raie. The hot water system shall be designed to provide daily

hot water usage for single family and multifamily dwellings ofup to 20 units based on 76

Uday per persan for the first two persans and 57 Vday for each additional persan with a

minimum usage of 150 Vday. Daily hot water usage for each dwelling unit in a larger

multifamily building shaIl he based on 150 IIday for buildings having 21 to 200 units and

130 Vday for buildings having over 200 units.

Collector orientation. The collector array shall he positioned 50 that the seasona1lannual

incident salar radiation per unit area shall not he significantly less than the

seasonaVannual incident solar radiation on a reference collector array at optimum

collector orientation with no shading, except where special circumstances require oon­

optimum orientation.

Thermal storage performance. The thermal storage subsystem shall he capable of

efficiently accepting thermal energy, storing it, and releasing it to satisfy partially of fully

the space hot water load.
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Thermal energy loss. Thermal energy loss trom thermal storage, including 1055 due to air

leakage (in or out) shall not exceed 1S% ofthe energy input ofthe storage subsystem for

those months in which the Joad ex:œeds the collected amount ofsalar energy.

Energy transport performance. The energy transport system sball he capable ofefficient

transfer ofthermal energy among or between the various components and subsystems.

Thermal enerKY lass. Under normal operating conditions, thermal energy 1055 ftom the

energy transport system shall not exeeed 15% ofthe energy to he transported.

Operating energy. Under normal operating conditions, operating power for fluid

transport of salar thermal energy to or trom starage shall not exceed 1()oA. of the energy

transferred.

Control performance. The control system shaH he capable of proper and efficient

regulation ofail other systems to fulfill the water system requirements.

Collector fluid circulation. The circulation of heat transfer fluid through the collector

shall occur ooly when useful heat can he collected except as required for fteeze

protectio~ heat rejection, or dumping ofexcess energy.

Priority ofenergy use. The controls shaH prioritize the use ofenergy 50 that salar energy

is first applied toward attempting to meet the lo~ after which auxiliary thermal energy is

used to supply the balance, as necessary.

Collector selection. The salar collector shall he seleeted based on efficient operation in

the desired operating temperature range of the equipment to which the coUeeted salar

energy is delivered.
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Fluidflow Tates. Heat transfer tluid tlow rates shall be compatible among the various

subsystems with regard to capacity and heat transfer rates. Heat exchangers and other

devices sball be sized to etTectively transfer energy ftam one subsystem to another.

Auxiliary equipment selection. Auxiliary energy equipment sball meet or exceed the

minimum efficiency as required in the applicable energy code, standard or regulation.

Auxiliary energy equipment shall be integrated with the salar hot water system to

minimize the use ofdepletable energy by the system.
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