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ABSTRACT

The rising energy costs, an aftermath of the energy crises of the 1970s, resulted in
stringent measures in buildings’ design, construction, operation and maintenance.
Amongst the several factors of achieving building energy efficiency, airtightness
reduces air-conditioning cooling and heating loads. Nevertheless, building airtightness
is found to result in problems amongst which are indoor moisture and resultant mould
infestation. As the economic development of Malaysia continues, increased numbers of
airtight, fully air conditioned buildings are evolving. The high levels of thermal and
hygric conditions throughout the year in this environment underscore the role of
mechanical ventilation systems in controlling the indoor hygrothermal conditions. The
current standard for energy efficiency in Malaysia makes adequate provision for the
thermal performance of buildings but gives little considerations for its moisture
performance in relation to energy efficiency. Besides, limited guidelines exist for indoor
air quality (IAQ) and mould proliferation in Malaysia and the knowledge among the
public is lacking. Therefore, a holistic approach is needed for not only the hygrothermal
performance but also the associated mould assessment and prediction in these edifices
as early detection of the menace is often difficult until growth has advanced. The study
combined in-situ, analytical and numerical experiments. The numerical experiments
developed computational fluid dynamics (CFD) simulation models and routines for
mould growth prediction from the interaction between the building envelopes and
hygrothermal differentials of the indoor and outdoor microclimate in mechanically
ventilated building. The developed analytical method executed hygrothermal
performance assessment of envelopes between air conditioned and non-air conditioned
spaces for condensation risk assessment. The results revealed Penicillium sp.,
Cladosporium sp., Chaetomium sp., Rhodotorula sp., Fonsecaea sp., Aspergillus sp.
and few other species. The numerical simulation was able to predict the hygrothermal
profiles triggering the mould growth. The findings also revealed that the operative
cooling set-point of 17.3 °C (temperature) and 71.5% (relative humidity) increases
condensation risks on the warm side of the envelopes separating air conditioned and
non-air conditioned spaces. The risk is reduced by maintaining the operative cooling
set-points in the air-conditioned room at 22 °C to 23 °C. This study provides a holistic
approach to designing and retrofitting energy efficient buildings that will be free of
microbial infestation due to elevated hygrothermal profiles and increased condensation
risk. Equally, this study provides awareness of the effect of differential operations in
space air-conditioning on indoor moisture as well as adoptable procedures for mould
assessment and predictions in the hot and humid climate of Malaysia. Above all, the
study will assist in policy formulation that incorporate hygrothermal performance with
energy efficiency.
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CHAPTER ONE

INTRODUCTION

1.1  BACKGROUND

The need to preserve fossil fuel and reduction in carbon footprint result in energy
efficient schemes in the 21st century (Di Giuseppe, 2013). This gave rise to better
insulated and airtight building envelopes (Kiinzel and Holm, 2009; D1 Giuseppe, 2013).
Building insulation and airtightness on the contrary, resulted in moisture and dampness
related problems (Adan and Samson, 2011). The sensitivity of such buildings to
moisture problems is very high in comparison to the traditional, poorly insulated ones
(Kiinzel and Holm, 2009).

Building interior is expected to provide a safe haven for its occupants. It is
expected to shield them from the harsh environmental conditions of excessive
temperature, high humidity, particulates and other suspended pollutants. Nevertheless,
the case is on the contrary as buildings are found to impact its occupant’s well-being
(American Industrial Hygiene Association, n.d.; New York City Department of Health
and Mental Hygiene, n.d.). Amongst the contributing factors to the impacts of buildings
is microbial proliferation (Mahooti-Brooks, Storey, Yang, Simcox, Turner and
Hodgson, 2004).

Microorganisms form layers of biofilms on building surfaces (Di Giuseppe,
2013; American Industrial Hygiene Association, n.d.). Bio-deterioration, facade
defacement and above all, Sick Building Syndrome (SBS) or other Building Related
Illness (BRI) are some of the resultant effects. Superbugs are found to be responsible

for nosocomial, the Hospital Acquired Infections (Cruez, n.d.). Cases of occurrence in



some Malaysia’s public hospitals were reported by New Straits Times in 2004 and 2008
respectively (Cruez, n.d.). Mycobacterium Tuberculosis, Methicillin Resistant
Staphylococcus Aureus (MRSA), Staphlylococci, Pseudomonads, Enterococci and
E.coli are the identified nosocomial causing species. The menace of superbugs has been
reported as an international problem that has become serious concern to the health
practitioners in terms of loss of human life and financial mishap. About 5,000 patients
die of MRSA annually in the United Kingdom while the United States, an increase in
the death case was reported with 11,000 and 17,000 cases of MRSA related death in
1999 and 2005 respectively (Cruez, n.d.).

There had been an association between moisture-ladened indoor environment
and incidence and pervasiveness of Building Related Illness (Robbins, Swenson,
Nealley, Kelman and Gots, 2000; Elena and Douglas, 2001; Frederick and William,
2003). Dampness in house encourages the growth of microbiological organisms which
increases the adverse effect risks on occupants’ health, degradation of building material,
loss of aesthetics of building finishes and above all results into a decline in the indoor
air quality (IAQ) (Di Giuseppe, 2013).

Consequently, there is the need for environmentally responsive design and
assessment approaches that will serve to mitigate against committing reliance errors on
energy efficient technologies which are often associated with the ‘business as usual’

buildings (University of Cambridge, n.d.).

1.2 PROBLEM STATEMENTS
The energy crises of the 1970s has resulted in energy efficiency measures.
Consequently, the energy efficiency has given rise to air-tight buildings. This is because

infiltration and ex-filtration of outdoor and indoor air give rise to high heating and/or



