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Ever bigger machines, entailing ever bigger
concentrations of economic power and exerting ever
greater violence against the environment, do not
represent progress: they are a denial of wisdom.
Wisdom demands a new orientation of science and
technology towards the organic, the gentle, the non-
violent, the elegant and beautiful.

E. F. Schumacher
Small Is Beautiful: a study of economics as if
people mattered
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Resumo

Till Felix Reichardt, Romanel, Celso (Orientador); Pereira, E. (Co-
orientadora). Analise técnica e economica de sistemas de ar-
condicionado de médio porte assistido por energia solar térmica no
Brasil. Rio de Janeiro, 2010. 135 p. Dissertacio de Mestrado -
Departamento de Engenharia Civil, Pontificia Universidade Catdlica do Rio
de Janeiro.

No Brasil, devido ao clima tropical, muita energia elétrica é utilizada em
sistemas de ar condicionado. Devido & excelente irradiacdo solar que incide na
maior parte do pafs, existem boas condi¢des para atender esta grande demanda de
refrigeracdo através da utilizacdo de sistemas de ar condicionado assistido por
energia solar térmica. Nesta dissertacdo, as mais importantes tecnologias que
utilizam a energia solar para a climatizacdo foram verificadas quanto a sua
aplicabilidade técnica e econdmica no Brasil, com foco em sistemas de médio
porte. Os principios bdsicos para o dimensionamento de um sistema de
refrigeracdo solar sdo descritos e um estudo de caso € apresentado e discutido,
comparando-se um sistema de ar condicionado assistido por energia solar
(auditério em Guaratinguetd, Sdo Paulo) com um sistema tipo split convencional.
No estudo deste caso, a dindmica de simulacio térmica de edificios foi modelada
utilizando o programa Helios-PC. Também se analisa como a carga térmica de
resfriamento pode ser diminuida considerando-se uma temperatura adequada no
interior da edificacdo, de acordo com as normas brasileiras de conforto térmico,

como também pelo emprego de isolamento adequado na construgédo do edificio.

Palavras - chave
Ar condicionado solar; Coletores solares térmicos; Simulacdo da carga

térmica de resfriamento; Eficiéncia energética; Estimativa econdmica.
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Abstract

Till Felix Reichardt, Romanel, Celso (Advisor), Pereira, Elizabeth Duarte
(Co-advisor). Technical and economic assessment of medium sized Solar-
Assisted Air-Conditioning in Brazil. Rio de Janeiro, 2010. 135 p. M.Sc.
Dissertation — Departamento de Engenharia Civil, Pontificia Universidade
Catolica do Rio de Janeiro.

In Brazil a lot of electrical energy is used by building air-conditioning
because of the tropical climate. In many cases there is a general congruence of
solar irradiation and demand for building air-conditioning and solar thermal
cooling has the potential to satisfy a part of the rapidly growing cooling demand.
Due to excellent solar irradiance and a high cooling demand there exists in Brazil
good conditions for the use of solar-assisted air-conditioning. In this work the
most important solar cooling techniques and their suitability in Brazil are
discussed. The objective of the present study is to analyze the technical and
economic feasibility of medium sized solar-assisted air-conditioning in Brazil.
The energy saving potential of solar-thermal air-conditioning in comparison to
best practical solutions in Brazil using conventional split air-conditioning systems,
is shown based on a case study (auditorium in Guaratingueta - Sdo Paulo). The
economy of solar-assisted air-conditioning is thereby discussed. The basic
principles for the dimensioning of a system for solar cooling are described. The
auditorium in the case study is modelled by using the dynamic thermal building
simulation program Helios-PC. In this context it is, as well, demonstrated how the
cooling load could be decreased by adapting the indoor temperature according to

the Brazilian standards of thermal comfort and by using building insulation.

Keywords
Solar cooling air-conditioning; Solar thermal collectors; Dynamic thermal

building simulation; Energy efficiency; Economic assessment.
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Zusammenfassung

Till Felix Reichardt, Romanel, Celso (Betreuer); Pereira, Elizabeth Duarte
(Zweitbetreuerin). Technical and economic assessment on medium sized
Solar-Assisted Air-Conditioning in Brazil. Rio de Janeiro, 2010. 135 S. -
Abteilung Bauingenieurwesen, Departamento de Engenharia Civil,
Pontificia Universidade Catdlica do Rio de Janeiro.

In Brasilien wird aufgrund des tropischen Klimas, ein grofer Anteil der
elektrischen Energie fiir die Kiihlung von Geb#Zuden verwendet. Aufgrund des
stark wachsenden Klimakéltebedarfs und der hervorragenden solaren
Einstrahlbeding ergeben sich gute Bedingungen fiir den Einsatz von
solarthermischer Klimakélteerzeugung. Hierbei stimmt das Angebot an solarer
Einstrahlung zeitlich weitgehend mit dem Klimakiltebedarf iiberein. In der
vorliegenden Masterarbeit werden die wichtigsten Verfahren zur solaren
Kilteerzeugung und ihre Eignung in Brasilien erortert. Darauthin wird anhand
einer Fallstudie (Horsaal in Guaratinguetd - Sdo Paulo) tiberpriift, in wie weit
solarthermische  Klimakilteerzeugung eine energieeffiziente  Alternative
gegeniiber Split-Kompaktklimageriten sein kann. Dabei wird anhand einer
thermischen Gebidudesimulation zur Kiihllastberechnung ermittelt, wie hoch der
solare Deckungsgrad wiére. In diesem Kontext wird dargestellt, wie die Kiihllast
durch die Anpassung der Raumtemperatur an die brasilianischen Normen fiir
thermischen Komfort und durch Gebidudeisolierung gesenkt werden konnte.
Abschliefend wird die Wirtschaftlichkeit von solarthermischer
Klimakilteerzeugung im in Brasilien tiberpriift. Das thermische Verhalten des
Horsaals ist durch das dynamische Gebédudesimulationsprogramm Helios-PC

abgebildet.

Schllisselworter
Solares Kiihlen; Klimaanlage; Solarkollektoren; Dynamische

Gebidudesimulation; Kiihllast; Energieeffizienz; Wirtschaftlichkeitsberechnung.
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DEC

COP

EER

Desiccant Evaporative Cooling

Open cycle air-conditioning process.

Central components: sorptive air dehumidification, using
either solid or liquid sorption material; heat recovery unit;
return (and often supply) air humidifiers. Requires separate

supply and return air ducts.

Coefficient of Performance

Performance number of thermally driven chillers:

Ratio of (cold production) / (driving heat input) Used with
power units (kW/kW) to provide rated values, or with
energy units (kWh/kWh) to provide the performance during

longer periods.

Electrical Efficiency Ratio

Performance number of electrically driven compression
chillers: Ratio of (cold production) / (electricity input).
Used with power units (kW/kW) to provide rated values, or
with energy units (kWh/kWh) to provide the performance

during longer periods.
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