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P 1. Introduction and objectives

e Passive systems and bioclimatic architecture principles
applied to modern architecture are able to reduce the
energy demand of the building sector, and to meet the
Nearly Zero-Energy Building goals.

e The aim of this research is to reduce the discomfort time
of buildings located in tropical climate, by using passive
systems taken from vernacular architecture and
bioclimatic modern buildings.
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D 2. Goidnia (Brazil): tropical savanna climate

Brazil Temperature and humidity

Koppen climate classification — Average air temperature
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D Bioclimatic strategies

Thermal comfort is achieved during 27.4% of the year. ”
The rest of the year, the recommended [ >

bioclimatic strategies are:
e Solar heating 15% (B)
e Thermal inertia for heating 13.4% (C)
* Ventilation 13.8% (F) |
:
e Night ventilation 10.1% (G)
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e Thermal inertia for cooling 10.1% (H) .
e Evaporative cooling 10.1% (I) :
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» 3. Building design of the “Model House”

Office building designed meeting the tropical climate requirements and the NZEB
concept to realize experimental researches about thermal comfort and energy
efficiency in the Campus of Pontificia Universidade Catdlica de Goias, Brazil.

20 e e e
: Interior view.
ke coge ™ R

Exterior view. North facade.

DFFICE| | TEST OFFICE

Area=34 m?

Ground Floor
Occupancy: 2 people per office, 8-12 AM and 1-7 PM. No cooling or heating device.
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» 4.Energy simulation experiments

e Energy simulation (EnergyPlus software)
has been done to compare the thermal
behavior and thermal comfort
conditions of the building-

OpenStudio

e The thermal behavior of is evaluated by
using the number of hours of
discomfort, based on the ASHRAE
Standard 55 Adaptive Comfort model,
within the 80% acceptability limits, and
the Fanger’s Comfort model for the L |

) Yo 12 14 16 18 20 22 24 26 28 30 32
dehumidification case. Prevailing Mean Outdoor Temperature [°C]

'''''

Operative Temperature [°C]|

90% acceptability limits ‘

“—| B0% acceptability limits | :
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D 4.Energy simulation experiments
Experimentation cases and timing.

tested A B experiment
No solar protection Brise-soleils 14th — 28t June
north facade

2. Cooling through a high Ceramic brick Concrete facade 14t — 28t June
thermal mass

3. Cooling by high thermal No nocturnal Nocturnal ventilation 14t — 28" June

mass with nocturnal ventilation

renovation

4. Cooling through natural No Ventilation All day ventilation Dry season: 1st-15t
Ventilation September_

4.1. Dry season e \Wet season: 14th —
4.2. Wet season 28t December

5. Conventional No dehumidification HVAC Dehumidifier 14th — 28th December

dehumidification

6. Thermal insulation in the No insulation Insulation 14th — 28t June

roof 14th — 28t December
6.1. Solstice in June 14t — 28t September
6.2. Solstice in December
6.3. Equinox in September

- ______________________________________________________________________________________________________________________________|
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P Solar protection north facade
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P Cooling by high thermal mass

Outdoor Temperature
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Test Office Temperature
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P Cooling by high thermal mass
with night ventilation

Reference Office Air Change Rate
-------- Test Office Air Change Rate
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P Cooling by all day natural ventilation
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Dehumidification

-------- Reference Office Air Relative Humidity
Test Office Air Relative Humidity
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Discomfort time [hr]
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P 5. Results

The more significant improvement performances were found in the
following strategies:

e 1st: Cooling by high thermal mass with night ventilation: 89%
improvement.
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P 5. Results

The more significant improvement performances were found in the
following strategies:

e 2nd: Cooling through a high thermal mass: 83% improvement.
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P 5. Results

The more significant improvement performances were found in the
following strategies:

e 3rd: Solar protection on the north facade: 34% improvement (and
even better, 52%, if we take the 90% acceptability limits).
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P 5. Results

The more significant improvement performances were found in the
following strategies:

e 4th: Thermal insulation in the roof during the Solstice of
December and the Equinox of September: 33% improvement.

AlIR FLOW TO RIDGE
OR GABLE END VENTS

¥
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SOFFIT VENT |§ —— CEILING
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P 6. Conclusions

The use of passive systems contributes to reduce the discomfort time of
buildings in tropical climate.

A combination between high thermal inertia with nocturnal ventilation, the use
of solar protections on the north facade, dehumidification, and the use of
thermal insulation in the roof is fundamental for achieving the thermal comfort
in buildings located in tropical savanna climate.

The use of natural ventilation in the office has to be limited to the night, when
it is effective due to the outdoor lower temperatures.

The implementation of these passive systems depends on the early stages of
the design building process of new and renovated buildings.

Nearly Zero Energy Buildings would require the implementation of passive
systems in the design phase and the spread of this knowledge among
technicians.

Institut Teknologi Bandung - 29/01/2018



Passive systems for energy savings of buildings in tropical climate

References

o Albano, L., Romero, M., Neto, A., 2013. Designing “Sustainable Houses” before the establishment of this concept. Central
Europe towards Sustainable Building 2013. Integrated building system.

e Albano, L., 2016. Ambiente y critica. Invariantes que trascienden del clima y del lugar. Universitat Politecnica de
Catalunya.

o ASHRAE, ANSI., 2010. ASHRAE/IES standard 55-2010, thermal environmental conditions for human occupancy. American
Society of Heating, Air-Conditioning and Refrigeration Engineers, Inc, Atlanta.

. COM, 2011. 112 final. A Roadmap for moving to a competitive low carbon economy in 2050.

o Crawley, D., Pless, S., Torcellini, P., 2009. Getting to net zero. ASHRAE J 51, 18-25.

. Economidou, M., 2011. Europe’s buildings under the microscope. A country-by-country review of the energy performance
of buildings. Buildings Performance Institute Europe (BPIE).

o Fernandes, A. M. C. P., 2006. Clima, homem e arquitetura. Goiania: Trilhas Urbanas.

o Kottek, M., Grieser, J., Beck, C., Rudolf, B., Rubel, F., 2006. World Map of the Koppen-Geiger Climate Classification
Updated. Meteorol Z. 15, 259-63.

o Meijer, F., Itard, L., Sunikka-Blank, M., 2009. Comparing european residential building stocks: performance, renovation
and policy opportunities. Build Res Inf. 37, 533-551.

o Manzano-Agugliaro, F., Montoya, F.G., Sabio-Ortega, A., Garcia-Cruz, A., 2015. Review of Bioclimatic Architecture
Strategies for Achieving Thermal Comfort. Renew Sust Energ Rev. 49, 736-55.

. Olgyay, V., 1963. Design with Climate: bioclimatic approach to architectural regionalism. Princeton, New Yersey:
Princeton University Pres.

o Rizki, M.A., Rohmah, M., Asri, A.D., 2016. Design Optimisation for Window Size, Orientation, and Wall Reflectance with
Regard to Various Daylight Metrics and Lighting Energy Demand: A Case Study of Buildings in the Tropics. Appl Energ. 164,
2.

. Roriz bioclimatica. Free software based on bioclimatic charts proposed by Baruch Givoni (Comfort, Climate Analysis and
Building Design Guidelines. Energy and Building, vol 18. July/1992, pp. 11-23). http://www.roriz.eng.br/download_6.html
Accessed April 2016.

e  World Climates 2016. http://www.world-climates.com/city-climate-goiania-brazil-south-america/ Accesed on May 2016.

Institut Teknologi Bandung - 29/01/2018



	Passive systems for energy savings of buildings in tropical climate
	Contents
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	Energy simulation of an office building
	References

