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Abstract

There are many sources of outdoor pollution in Kuwait which then makes natural ventilation
a poor mechanism for good Indoor Air Quality (IAQ). Therefore, a mechanical or hybrid
ventilation system is necessary. Firsabf Kuwait is situated in the northeast of thebian
Peninsulan Western Asia with a desert weather climate. The prevailing wind is north and
northeast and that causes sand storms. Also most of the towns and cities are situated and
constructed withinthe vicinity of many industrial sites, petroleum downstream/upstream
facilities (including Kuwait's three refineries, petrochemical complexes, crude oil production
points etcetera) and many small industrig®@st housing construction projectss well as
schools, commercial and governmental buildings are built in the downwind of the polluted air
emitted from such plants, therefore, there is the potential for consequential health effects
related to the ambient ais a result, there is prevalence of asthanand rhinitis among the
schoolchildren in Kuwait. The estimated prevalence of asthma among school children was
22.4% and that of rhinitis was 230Abal et al., 2011

It was evidentfrom a preliminary studyhat indoor air quality(IAQ) in Kuwait housingis
underresearched and there is a clear lack of awareness amongst busildksinolders
(Architects and Designers, M&E Engineers, User, etc.) of the harmful effects of chemicals
that exist inside buildingghe risk of poor Indoor Air Quality (IAQ) is increased by a lack of
proficient knowledge of hownumerous factors can corfitute to poor IAQ, both during
design,construction and after occupan@s a result, the study set out to: resegiavious
related reseah studies in the field of IAQdentify the current status quo of IAQ in Kuwait,
conduct a surveyquestionnaires ah interviews)with Kuwait construction professionals
regarding IAQ issues and to find the barriers to implementing IAQ best gractadl stages

of the project, and then finally, tevelop a framework for achieving good IAQ in Kuwait

housingprojects.

The findings revealed no documents written for Kuwait, that encompasses codes, standards,
regulations and guidance for the implementation of good IAQ in Kuwait housing
developmentsor a framework fogovernment enforcemenf such It was also revealedhat

there was a significant lack of awareness of indoor air pollutants and good IAQ both amongst
occupants and construction professionale analysiglsorevealedhatthe status quo in the
housing development procestd not enable integration amongste project team and

Xiv



stakeholders at the design stage, hence team m@msberv al uabl e i nput on
at design stage is lost. Furthermore, pmecess did not emphasize the following at every
stage of the projecto ensure good IAQcommissionig of the ventilation design and
installation, which includes value engineetipgoper sequencing and scheduling of activities
to avoid dust or debris from contaminating the ventilation syspeaper documentation and
reportingt o ensur e t lteobjectwes arelatiemenped, @ghieved, checked, and

carried over to the next stage.

The findings show that the barriers to achieving good IAQ in Kuwait housing developments
are; cost and budget, government enthusiasm, lack of awareness, lack ofablidocoees

and standards, lack of design integration, distrust of the competence fieleelalo IAQ
companies, habit and age, low level of IAQ education, and lack of trainvnide, the drivers

of good IAQ in Kuwait housing are; the client/enser, the gvernment, architects,
designers, IAQ consultants, construction professional societies, contractors and

manufacturers.

The developedind validatedramework achieves the aim andbjectives of the study by
proposingstrategies and actiorier improving indor air quality (IAQ) in Kuwaiti housing
developmentshrough increased integration, commissngp proper and adequate sequencing

and scheduling, and documentatiandesign construction, and occupancy stag€uwait
Environmental Protection AgencKKEPA), Kuwait Institute of Environmental Management
(KIEM), Kuwait Municipality, and Kuwait Institute of Science and Research (KISiRre

also suggested as the main bodies to drive the education, awareness, and training, of not only
the construction industryub also the general population on good IAQ practices.

XV
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1 CHAPTER ONE| INTRODUCTION



1.1 Background to the Research

Kuwait is locatedin the northeastof theArabian Peninsulan Western Asiawith a desert
weather climateTheprevailing wind § north andhortheastaind that causes sand storiiso

most of the towns and cities are situated and constructed within the vicinity of many
industrial sites, petroleum downstream/upstream facilities (including Kuwait's three
refineries, petrochemical cqiexes, crude oil production poingtcetera and many small
industries (Al-Salem and Khan, 2008 Most housing construction projects, schools,
commercial and governmental buildings are built in the downwind of the polluted air emitted
from such plants, therefore, there is the potential for consequential health effsed te

the ambient aifBouhamra 1996; Bouhamraand Elkilani, 2001;Bouhamra 2012). This
explains the high prevalence of asthma and rhinitis among the schoolchildren in Kuwait. The
estimated prevalence of asthma among school children was 22.4% aod rhiaitis was

23% (Abal et al., 2011

From the literature review, it 8aevident that indoor air quafi(IAQ) in Kuwait buildings is
underresearched and there is a clear lack of awareness amongst building stakeholders of the
harmful effects of chemicals that exist inside buildifigeamees and Alamari, 20P9This
research proposes a framework that will engiotgect stakeholderis Kuwait to tackle these
issues, because whilst the literature review revealed lieeg is an abundance of research
donw on indoor air quality (IAQIn developed countries like the USA, the UK, Germany,
Canada, and Japan, there is very little research done for the state of Kuwait. Indoor
environments consist of seven factors that canaghgphe health of humans. These factors
have been called the "Seven Sisters.” The factors congiriS@door air quality, lighting,
temperature, sound and vibratigacoustic) electromagnetic fields, flora and fauna, and the

psychological and social emenmend (Dumont, 2008a

Indoor air quality research is a multidisciplinary task, and requires a highly sleded t
including scientists from various disciplines such as medicine, chemistry, biology,
engineering, architecture, and building scien¢®&groni, 1995. According to a study
conducted by the American Lung Association, most people are aware that outdoor air
pollution can damage their health, but may not know that indoor air pollution can also have

significanteconomiceffectsas well(Commission, 1996 The 1sk of poorindoor Air Quality



(IAQ) is increased by a lack of proficiency and knowledge of how the numerous factors can
contribute to poor IAQ, both during design and construction and after occufitibeyt,

2005 Kibert and Grosskopf, 200.7Bluyssenet al (2010, in a studyand consultation with
different stakeholders (producers of construction products, architects and housing
corporations)from the Netherlands, the UK, Denmark, Swed&mnance and the Czech
Republic,concluded thaiithe geneal awareness of what IAQ,isow b improve it and who

should or can undertake actions, is po¢Bluyssenet al,2010. The gaps were as follows:

1 Lack of awareness of IAQ with all stakeholders (i.e. architects, product producers,
general public, remsentatives of endsers), but most of all with the ender. The end
user needs tacquirea good knowledge of I1AQ.

1 Lack of proper regulation: as long as appropriate regulation is lacking no one feels
responsible.

1 Lack of communication between stakehatdef the building process.

According to Mglhave and Krzyzanowski2003) the World Health Organisation\WHO)
ANorking Groum convened in year 2000 to agree on a set of statemeriisTohn e r i gh't
heal t hy i dedvedofrom fndamental principles the fields of human rights,
biomedical ethics and ecological sustainability. These statements inform the individuals and
groups responsible for healthy indoor air about their rights and obligations, and eexbower
the general public by making people fa@milwith those right§WWHO, 2000a Mglhave and
Krzyzanowski, 2008

The European project Healthy Air is a network project inwaihg six institutions in Europe

on actions and activities that address the effects of construction products on indoor air.
Different ways to improve indoor air quality were reviewed, ranging from source control to
education of occupants on how to manage bilt environment to achieve healthy and
acceptable indoor air. Through a literature study, organised workshops with scientific experts
and building professionals, as well as via interviews with three stakeholder groups: producers
of construction produst architects and housing corporations; requirements for information,
guidance and actions to improve indoor air quality were identified. These requirements
formed the basis of a possible approach to improve indoor air quality: education and

awareness, regations and policies and further research and develop(B&ngssenet al.,



2010.According to a study to assess peopl edbs ¢
effects on health, the result showed a very low level of awareness among Kuwaiti students,
however, teachers did demonstrate more awareness, but tladl cesult showed a general

lack of awareness and knowledge among the particifihtanees and Alamari, 20P9

Therefore, it is not only imponté to create awareness and mitigate against the effects of poor

| AQ in existing buildings, It is 1T mpdAHtant t
project participants that have some influence on IAQ (Architects and Designers, M&E
Enginees, User, etc.) must be involveW/hen projets are managed and controlled in a

manner that eliminates or reduce the possibility of moulds growing, dampness occurring,
materials emitting toxics gases in building, out door air quality (OAQ) compromising,(IAQ
etcetera; then families can be safe, children would avoid unnecessary exposure to toxic gases,

and we would have healthy homes.

1.2 ResearchRationale

Indoor air quality is a major contributor to the quality of peépte | i ves and i s af
presene of manypollutants related to buildinmaterials, furnishings, and human activities.
This is a very serious problem in most industrial and developed countries around the globe,

andKuwait indoor environment is no exception.

Most Kuwaiti residents are are that outdoor air pollution can damage their health, but may
not know that indoor air pollution can also have significant effects (Khamees and Alamari,
2009). Many people are oblivious about the different indoor generated pollutants that exist
within the walls of our homes. Without adequate circulation, humans are exposed to different
indoor pollutants that; are trapped within the home, and can cause serious health problems.
Kuwait is a hot arid climate, and as such, most people tend to spend a haghtgumprof their

time indoors, thus increasing exposure to indoor air pollutants. In addition, buildings are well
sealed from the outside to increase the efficiency of heating and ventilating air conditioning
systems (HVAC) for indoor air quality (IAQ) antthermal comfort. This again, increases
exposure to budup indoor air pollutants. IAQ can be defined as the nature of air that affects

an occupantos health and well being (Bauhamra

In Kuwait, kuildings are air tight due to the harstgt weather; and to keep them cooled,

most buildings recirculate cooled air through a coopngcess, whickalso traps most of the



pollutants, preventing them from escaping outside. Additionally, no fresh air supply exists
other than insufficient air infitating from outside through doors, windows or cracks on wall
systems. Therefore, pollutant concentrations could increase to such a level that it is higher
than outdoors, adding to this problem there are neither building regulations nor codes which
exist © control the pollutants indoors during the architectural design phase nor construction
process phase. There are no enforceable indoor air quality standards; therefore, indoor air
could be more polluted, indeed many times more than outdoors causing newug diess

and concerifBouhamra 1996)

Achieving 6good I AQO I n Kuwai t i housing t
maintenance, is the aim of this research. Good IAQ is defined by the absence of harmful or
unpleasant constituents (ASHRAE, 200®any poor design decisions can lead to poor IAQ.

For example; having inadequate space for mechanical equipment, limiting access for
inspection and maintenance, and selection of interior finishes that can lead to high levels of
volatile organic compound (MO) emissions (ASHRAE, 2009). Such decisions are usually
made in the early stages of design and are difficult to modify or correct later on. Basic, early,
design decisions related to site selection, building orientation, and location of outdoor air
intakesand decisions on how the building will be heated, cooled, and ventilated are of critical
importance to providing good IAQ (ASHRAE, 2009). If all project stakeholders commit to
6good | AQd from the early stages otfthrouge si gn,
construction and occupancy then, we will have more high performing and healthy buildings

in Kuwait.

1.3 Research Questions

How do we improve IAQ in Kuwaiti Housing DevelopmentsDasign Construction, and
Occupancy Stage?

1.4 Aim

The aim is to devefm a framework for improving Indoor Air Quality (IAQ) in Kuwaiti

Housing Developments &tesign ConstructionandOccupancy Stage

In order to meet the above aim, the following objectives are as follows:



15 Objective

1. To exploreprevious related research seslin the field of IAQ

2. Toidentify the current status quw IAQ in Kuwait

3. To conduct a survey with Kuwasbnstruction professionategarding IAQ issues and
to find the barriers to implementingQ best practice in all stages of the project

4. To developa framework for achieving goddQ in Kuwait housing development

5. To refine and validate the framework

1.6 Justification and Contribution to Knowledge

Indoor air pollution may cause or aggravate illneggsssey et al., 20Q3Viendell, 2007,
increase mortalitf{WHO, 2010, and have a major economic and social imgkctk and
Rosenfeld, 1997Fisk, 201). Most people spend 90% of their time ioda at home, in
school, in shopping malls, in offices (Bouhamra 1996)ndoor air research is a
multidisciplinary task, highly skilled teams including scientists from various disciplines such
as medicine, chemistry, biology, engineering, architecture, lamtting sciences are
generally requiredMaroni, 1995. In Kuwait, outdoor air is regulatedybthe Kuwait
environment authority, and studies conducted in Kuwait showed ambient air is polluted many
more times in urban are#tgan the international standard (Bouhamra 1996; (Bouhamra 2012).
Additionally, the Kuwait environment authority have specdigidelines for some pollutants

in outdoor air and some guidelines for industrial buildings, but no specific indoor air
standards nor guidelingBouhamra and Elkila, 2001)

Many countries around the globe have indoor air quality management (IAQMy&sater
housing and school after they haween constructed, and during occupafitail et al., 1995
Beaulieu, 1998KEPA, 201]). A pilot interview with a few onstruction professiais in
Kuwait revealed that there were no policies in plawemonitoring and controlling IAQ in
housing developmentnd belief was that the responsibility for such a policy rests with the
ministry of educationThey alsostated that there waslack of understand andf focus on
indoor air quality (IAQ) during design, construction and occupancy phases of Kuwaiti
residential development&iven the benefits of good IAQ and the serious problems that could
arise from poor IAQ, this studgontributes to the body of literature by developing a
framework for improving Indoor Air Quality (IAQ) in Kuwaiti Housing Developments at



PreConstruction, Construction, and Occupancy Stage] this will be a useful tool for
decision makers and key stakeholders construgbon projectsso that good IAQ can be

achieved for the sake of occupants, and owners. alike

1.7 Conceptual Framework

From face value, of the researcherdés industr
the industry in Kuwait and some literature ieav on indoor air quality improvements on
projects, the below conceptual framework appeared to be the process to achieve IAQ

improvements on Kuwaiti Housing developments.

Firstly, the research realised that in Kuwait, the problem and barriers of IAQViempents

need to be identified. Secondly, policies and regulations need to be drafted by the Kuwait
Municipality, as there is currently no governing document in Kuwait that construction
professionals can refer to for standards and regulations. Theacedssibledocuments are
international standards such as ASHRAE. Construction professionals in Kuwait need also to
be educated and trained in these policy and regulation document so that proper
implementation can be achieved. Thirdly, proper implementatioridnouolve inspections

from the Kuwait Municipality and also certification of architects and engineers with respect
to their knowledge and achievement of good IAQ on their projects. Fourth and lastly, results
of good IAQ are documented and fed back inte firocess as a form of knowledge

management for future use.

Implementation

* Certify architects &
Engineers

Improvment
* Feed back& report

Problem Policy&Regulation
identification * Ventilation protocol

* |dentify Gaps * Label scheme protocol * Connect international IAQ

* Education & Training * Inspection certifcates

* Identfy barriars protocol * Integrate Goverments
entities

agencies
* Conduct research locally

Figurel.1l: Conceptual Framework



1.8 Ethical Issues of the study

It is part of academic research to state the ethics that guided the research. Jleegsaunp

that were chosen to participate came from a pool of construction professionals whose duties
or responsibilities on a housing project affected achievement of good IAQ directly or
indirectly in Kuwait. For example, architects and designers, cdotra@cilities manager,
mechanical and electrical (M&E) engineers, IAQ and HVAC specialists, etcetera. The
individuals that participated in the research were assured of the confidentiality or their
responses and that they both their names and comparliesemvain anonymousThe
invitation letter for participation included anonymity and confidentiality clauses as well as the
brief review of the research, the reason why their participation mattered, and that
participation was completely voluntary, which me#hey could pulout at anytime if they

did were not happy about it. The participants were also given a rough idea of how long the
interview or questionnaire will take to complete should they choose to participate or respond.
Finally, the respondents participants were assured that after the research the data collected
will be handle according to thResearch Ethics Framework (REF) set out in the Economic
and Social Research Council (ESRC, 2010)

1.9 Thesis Guide

The researcher intends to affirm the oridjiyeof the research study by stating that the study
is the first of its kind to be carried out in the area of improving good IAQ in Kuwait housing

developments at design, construction and post construction stages.

Chapter 1: Is theintroductionto the resarch background, research justification and rational,
the research aims and objective, and research questions. The chaptahstatesviedge

gap in Kuwait that it intends to fill by developing with the aid of empirical research, a
framework for improung the achievement of good IAQ in Kuwait housing developments at

design, construction, and pasinstruction or occupancy stages.

Chapter 2: Gives a general review of literature on indoor air quality (IAQ) around the world,
and how it is achieved. The chaplooks at present and previous research works on 1AQ

conducted on the construction process, i.e. at design construction arwbmsistiction. A



broad overview of household pollutants, and effects, are given and discussion on international

standards ancegulation are also given.

Chapter 3: This chapter gives an overview of the, geographical, and environmental
conditions ofkKuwait as a whole. This includes the climatic conditions, and the human main
activities (refineries, transportation, industrialc. that contribute to the pollution of the
environments especially the ambient air surrounding residential and commercial areas. This is
important because to a large extent, good IAQ in Kuwait depends on the cleanliness of the
outside air, which is usetb clean the inside air, since Kuwait residents also depend on

natural ventilation.

Chapter 4: This chapter states the chosen research approach or method which justifies the
best way to answer the research question achievement of the aims and objdutivbspter
contributes to the strength and wvalidity o°
philosophical position, search approach, research design, sample selection, data collection

and analysis techniques.

Chapter 5: This isthe chapter tha t documents the researchods d
Here, the quantitative data (questionnaire information) gathered is presented in the form of
tables, graphs, and charts which aided in the understanding and analysis of the data. The
gualitative dad was coded according to themes, which encapsulates activities the are done at
the design, construction, and peshstruction stages to improve the achievement of good

IAQ on a housing project in Kuwait.

Chapter 6: This chapter documents the developmehtlAQ framework based on the
findings from chapter 5. The framework covers the three phases of a construction project;
design, construction, and pesinstruction (occupancy). The framework is structured around
RIBA Plan of Works 2013 (based on a tramlitAl method of procurement) and greatly
influenced by ASHRAE (2009) and Kuwait Environment Public Authority (KEPA) (2011).
Effective project processes are expected to streamline design, construction and post
construction activities so that the best possilAQ environment can be achieved. RIBA
stages; strategic definition, preparation of brief, concept design, developed design, technical
design, construction, and handover, were combined with ASHRAE project processes; using

an integrated design approachand | ut i ons, commi ssioning to e



requirements are met, and selecting HVAC systems to improve IAQ and reduce the energy

impacts of ventilation.

Chapter 7: After the framework was developed, it was necessary to validasendy membr
checking to ensure the reliability, credibility, comfirmability, transferability, and
generalizability of the framework and findings were achieved. In succinct terms, it is the
process by which the accuracy of the findings and the framework was tedssed and

from which the feedback was used to improve the framework.

Chapter 8: Here, the thesis concludes with an overview of the whole thesis and fintihregys
thesis also gives recommendations on how to better improve the achievement of 1AQ in

Kuwait housing project.



2 CHAPTER TWO| LITERATURE REVIEW
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2.1 Introduction

The Literature review is structured into sections to incldetnition of Indoor Air Quality
(IAQ), sustainable architecture and urban development, building construction, healthy
buildings indoor air quality and occupant wellbeing, illnesses caused by buildings, indoor
contaminatesandrelationship betweemdoor air pollution and health.

2.2 What is indoor air quality (IAQ )?

According to the United States Environmental Protection Ag¢dSEPA) (2016) Indbor

Air Quality (IAQ) refers to the air quality within and around buildings and structures,
especially as it relates to the health and comfort of building occup&ustrary to popular
belief, indoor air can be even more pollute@drthoutdoor air. Most people think air
pollution as soméing outside- smog, ozonehaze hanging in the aioy some smell from a
chemical factory nearbyBut the truth is, the air inside homes, offices, and other buildings
can be more phited than tk air outsideBooks and Davis, 1992Common pollutants found

in the air inside homs are: lead (in house dustiprmaldehyde, fireetardants, radon,
microscopicdust mitesfrom moulds, even volatile chemicals from fragrancesed in
conventional cleansr According toBooks andDavis (1992) some pollutants aréradked

into the homevia a new mattress or furniture, carpet cleararg, coat of paint on the walls.

Poor Indoor Air Quality (IAQ) is among the top five environmental ri§USEPA, 2016)

Improving IAQ in buildings can greatly improve the wellbeing of occupdPddiutants in a

buil dingdés air can cause dizziness and head
While cleaning and vacuuming can improve indoor air, cleaning alone wikale¢ 1AQ

problems. Good IAQ carries numerous, valuable bendfithelps improve the health,
productivity of employeesand happines®f occupants decreases absenteeism, increases
learning and student performance levels and creates a more positive esusiqrarience

(Lennox, 2016)Benefits of good IAQ has also been tied to greater return on investment
(ROI) and bottordine economics (ASHRAE, 2009).

Problems related to poor IAQ have been greatly documented and available for consumption
yet many buildingdesign and construction decisions are made withaling into
consideratiorthe potentially seous consequences of poor IAQ. For as long as man started to

systematically building his home, ventilation has been a major design factor. In the last

11



century,the awareness and concerns about IAQ issues has steadily come into the lime light
and is a strong factor when designing and constructing any habitable stridturever,
according to ASHRAE (20097 i n mo st cases | -pr@rityidesignsa i | |
building management concern compared to function, cost, space, aesthetics, and other

attributes such as | ocation and parking. o

2.3 Indoor Air Quality and Occupants W/ellbeing

Indoor allergens and irritantseed particular attention in this decades and géongard
because we're spending more time indoans, because modern homes are airtight, these
irritants can't easily escagBooks and Davis, 1992Most people spend about 90% of their
time indoors every day at home, at work or schod@Klepeis et al., 2001Jacobs et al.,
2007. This means thaa | e v e | of 0 c inugleteom tb thes indooe dirlquitle | n g ,

thermal, visual and acoustical comfb#s to be achieved

Total exposure

People nre
G % i oors nmed 10" %

ouldoors
L4 L)
ﬁxﬁ_ %

Figure 2.1: Time typically spent indoors and outdoors

Source: European Commission (2003)

Similarly, USEPA testslevels of pollutants are 2t5 times higher indoors than outside,
regardless of whether the buildings are located in rural or highly industrial areas. Other recent
scientific studies have also questioned the quality of air inside our homes and buildings

(Waterfurnace, 2016A typical breakdown of time allocation is shownHigure 2.2below.
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6%

outdoor
4%

Figure 2.2: Daily time allocation (Source;Jacobs et al., 2007

The rapid development of new building materials, furnishings, and consumer products over

the past 50 years has resulted in a subsequent increase in new chemicals in the built

environmentWeschler, 200p Weschler found thahere has been a sudden increase in the

number ofchemicalsmanufatured andusedin householdand building products, including

construction materials, interior finishing materials, cleaning agents, furnishings, computers

and officeequipment, printerand supplies.

Peopleexposed to indoor air pollutants for long pesoof time become momusceptible to

the effects of indoor air pollutiothan those who are nothe reality of the types of illness

and the amount of fear felt by people is shown in the following figure.

Inadequate

¥

Fear

ventilahon

Cance
ubnonary
disease

S,

Infections ‘\
Allergies
Hypersensitivies

Reality

N

7

Odors
Irritation p henomena

\1
N 1

Point
sources

Susceptible

populaion

Figure 2.3: Understanding indoor air quality (Brooks and Davis, 199p
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The peoplenost susceptible inclugée yaing, the elderly, and the chronically ill, especially

those suffering from respiratory or cardiovascular disease.

There have been many definitions provided for appropriate indoor air quality (IAQ), one
definition describes the absence of air contaminahish may impair the comfort or health

of building occupant§Rousseau2003. Contaminants can also be definad chemical,
physical or biological contaminants in the breathable air inside a habitable structure or
conveyance, including workplaces, schools, offices, hpraed vehicles(Jacobs et al.,
2007. Exposure to pollutants may cause a variety of effects ranging in severity from
perception bunwanted odours to canc@C, 2003. Examples of health effects are dispersal
of airborne infectious disease, miavcganisms in air humidifiers causing pneumonia and
humidifier fever, mould increasing risk of allergy, and an increased risk gf ¢damcer
through exposure to environmental tobacco smoke (ETS) and (&tomp et al., 2009;
ASHRAE, 2009) Sensory effects include:

Adverse health effects on sensory systems
Adverse perceptions such as annoyance reactions and triggering of hypersensitivi
reactions

1 Sensory warnings of harmful factors such as irritation due to formaldehyde.

It can be seen that there are significant and serious implications of poor IAQ. The sources of

indoor ar pollution are shown iTable 2.1 below.

Table 2.1: Sources of Indoor Air Pollution (Source: Crowther, 1994)

Type Agents Subcategory Example
Chemical |[Inorganic  |Gaseous NO,, CO, S0O., O, Chlorine
Particulate Dust (lead, copper, wood), mineral fibres
Organic Toxic Formaldehyde, solvents (toluene, styrene), pesticides (lindane,
Tributyl tin oxide)
Carcinogenic Nickel compounds, primers (lead), chromates, vinyl chloride,
pesticides (arsenic, creosote)
Biological |[Microbes Viruses Influenza, colds,
Bacteria Legionella pneumophila, Plague
Fungi, moulds Spores, toxins,
Mycotoxins
Plants Seed plants Pollen
Arthropods |Mites Housedust mite fascal
Pellets
Vectors Protozoa Parasites: malaria,
Chagas’ disease
Other Insects Flies, bugs, Cockroaches
Others Rodents Pets Rats, mice Skin scale, fur, feathers
Droppings
Physical |Sensible Temperature Hypothermia, heat, stress
Humidity Dry mucous membranes
Light Circadian
Sound Dissynchronisation, glare
Moise pollution
Insensible |[Electromagnetism Radon
ionising

14



Poorindoor air quality is not a new phenomendimere is more than enough documented
evidence from century agm the issues concerning IAQ/aterfurnace (20)6reiterates the
statement made by thé¢ealth Reformerin 187 I n t he construction of
for public purposes or as dwellings, care should be taken to provide good ventdasid

pl enty of scheolirooms gré bfien faulty in thisespect. Neglect of proper
ventilation is responsible for much of the
wor k toi | s o me Inaddition, lear@ny beeantesidiffieult fdr pupils. The above
guotation by the Health Reformer capturesrdi@nale of this researdhthe need for better

design and monitoring during construction to ensure effective and efficient IAQ systems

within residential buildings.

Needless to say, there are great economic impacts of poor indoor air quality (IAQ) on
countries that fail to do something abouStich impacts include direct medical costs and lost
earnings due to major iliness, as well as increased employee sick days and lost productivity
while on the job (EC, 2003}owever, knowing the exact costs, grms of money, to the
government is complex to calculate. In most cases, it is just estimation because of the
difficulty in measuring costs related to social health and behavioural studies in general not
only with regards to IAQ. Calculations of the soctalsts of poor IAQ would need to
considerthe costs for IAQ induced illness, direct medical coatgl disabilities,reduced
working efficiency, secondary costs related to discomfort and annoyance caused by
deteriorated 1/ as well as the loss of productiyiand material and equipment damages
(EC, 2003) All these variables make it really hard to ascertain the exact economical cost of
poor |l AQ to society. The European Commi ssi 0]
on society adia quantitative expresion of theimpact of deteriorated IAQ on economic
activity, health and well being.But this figure is still very hard and complex to calculate or
estimate. However, the figure is said to be immdgs® 2003) ASHRAE gives an example

of the high cost opoor IAQ in their 2009 guidance document. The example can be seen

below.

AThe costs of poor |l AQ can be striking.
problems, though most are settled with no financial details released. However, some
disclosed cases have involved legal fees and settlements exceeding $10 million. For example

1 In 1995, Polk County, Florida, recovered $47.8 million in settlements against companies ir

in the construction of the county courthouse (including $35milin  f r om t he g
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insurer), due to moisture and mold associated with building envelope problems. The
construction cost for the building was $35 million, but $45 million was spent to replace the

building envelope, clean upghmold, and relocate the court system.

1 Occupants of a courthouse in Suffolk County, Massachusetts, received a $3 million settle
1999 following a series of IAQ problems associated with a combination of inadequate ven
and fumes from a watempofing material applied to the occupied building

Numerous IAQ problems have also occuriegbrivatesector buildings, but these tend to be set
out of court and are therefore not in the public record. As in public buildings, the causes
problemsvary and the settlement costs can be very expensive. A conservative estimate puts t

bound of Il itigation costs during the earl.y

It is alleged that due to some-dtvice and poor judgment on c@stving execises in the
design, construction, layout and operation of many new builds and retrofits, employers suffer
far greater costs from employseill health and reduced productivity. The European
Commission states that the benefits of good IAQ should be asadaday, yet, many owners
allow their buildings to be plagued with indoor pollutants (poor IAQ) all cauddsda
senseless energpavingpolicy, bad HVAC design or malfunctionimgstallations due to poor
mainerence or | ack ddéw coesbimimli ¢ an gosigbciety and Business

life much more than they gaimom energy or other savings Improving the indoor air
guality in domestic and neimdustrial commercial buildings iprobably one of the most
profitable investment society and the bes world can make.There are many low cost
measures that can improve IAQ in residential and work environments. However, most
buildings especially office and commercial buildings would require increased energy use to
operate the HVAC systems, and alsar@ased maintenance cost to monitor and control IAQ

problems effectively and efficiently.

Therehavebeen major documentations of the impact of poor IAQ on employee health and
productivity. Absenteeismand reduced productivity translates into loss of inedor the
employer and perhaps cause business failure. Therefooel indoor air quality is good
businesgFisk, 1997)Wyom (1993;cited in EC, 200Bgives fourteen impacts of poor IAQ.
When these are measured and translated in monetary form theicoaeisse.
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Absence from work, from workgation; unavailable on tlephone
Health cods, induding sck leave, accidents, injuries

Observed downtime, interruptions

Contolled indgoendent judgments of work qudity, mood, ec.
Self-assessments of produdivity

Component kills, task measures, gpeed, dips, accuracy

Output form pre-existing work-groups

Total unit cos pea produd or srvice

Output changein response to graded reward

Voluntary overtime or extra work

Cyde time from initiation © completion of discrete process
Multiple measures at dl organizationd levels

Individud measures of peformance, hedlth and well beng & work

Time course of measures and raes of change

2.4 Buildings llinesses

Two expressions have been associated with illnesses caused by poor indoor air quality, such
as sick building syndrome (SBS), building related illness (BRI) and environmental
sensitivity. These will now be addressed in thetrsection.SBS varies in a number of ways

from building related illness. The symptoms of sick building syndrome are predominantly
non-specific, that is they are not readily identifiable to one illness, or one contaminant source.
While, BRI as illnesses ising from exposure to indoor contaminants that cause a specific

clinical syndromgSamet, 1993Spengler and Sexton, 1983

2.4.1 Sick Building Syndrome

The Institute of Enviromental Epidemiology (IEE) (19%@efers tosick building syndrome

as an excess of workelated irritations of the skin and mucous membranes and other
symptoms (including headache and fatigue) reporteddosypants irresidences omodern
office buildings. The World Health Organisation (WHQR010), listed the following

symptoms as those mogtromonly attributed to sick building syndrome:

A Eye, nose and throat irritation;

A Sensation of dry mucous membranes and skin
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Erythemati c;

Ment al fatigue;
Headaches,;
Hi gh frequency of airway infection and cou

Hoar seness, wingpecHiedmypersersitiviityh i ng an

o Io Do I» Do I

Nausea and dizziness
Characteristically, the symptoms of sick building syndrome are prevalent in 20% or more of
the buildingds occupant popul ati on, as oppo

only affects a fewnccupantgSpengler and Sexton, 198amet, 19983

2.4.2 Building Related Ilinesses

The nature of a building relatelhess is dependent on the contaminant present within the
building. For example, exposure to {@erosols can cause illnesses such as humidfier

and hypersensitivity pneumonitis, whereas exposure to the legionella bacteria precipitates
Legi onnai (Spendger ahd Segtans1883amet, 1998 These symptoms are not
alleviated when the person exits the building. The most effective nutigatrategy for
building related iliness is to trace the iliness to a specific contaminant and remove the source
from the building. Identifying these two types of illnesses caused by indoor environments can
sometimes create confusion when investigatingiaiuality problem. An added problem is

that both illnesses can be present in the same building, and on some occasions a building
related illness may be mistaken for sick building syndrome, or vice versa. These definitions
are useful tools in assistingethdentification of the problem, yet it is the alleviation of the
health and indoor aiproblems, whichare the highest priority, above classification. In
contrast, the term "building related illness" (BRI) is used when symptoms of diagnosable
illness aradentified and can be attributed directly to airborne building contaminants.
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Indoor Contaminants

Table 2.2: Sources and Types of Indoor Air PollutiofCrump et al., 2009

Source

Main pollutants

Outdoor air

SO,, NOx, ozone, particulates mattersbiological particul ates, benzene

Combustion of fuel

CO, NOx, VOCs, paticul ates matters

Tobaccosmdke

CO, VOC:s, particul ates matters

People

CO,, organic compounds

Buildingmateials

VOCs, formaldehyde radon, fibres, other particul ates,ammonia

Congumer products

VOCs, formadehyde, pesticides

Furnishings

VOCs, formaldehyde

Offi ce equipment, indudingHVAC

VOCs, ozone, particulates

Bacteriaand fungi

VOCs, biological particul ates

Contaminatedland

Methane,VOCs, contaminateddusts egmetds

Ground Radon, moisture
Washingand cleaning Moisture
Animals (eg. mites, cats) Allergens

Crump et al, (2009) outline a number nfloor contaminantand their definitionsThey are

the following:

Volatile Organic Compounds (VOCsre emitted over periods of weeks or years from

construction and furnishing products and have the potential to cause poor air quality. There is
a growing irerest in release of VOCs from consumer products including electrical goods
such as computers and printers as well as cleaning products and air fresheners. ETS contains
a complex mixture of organic compounds and while smoking is banned in the workplace and
public buildings in many countries, it remains a significant source of airborne pollution in
many home$ASHRAE, 2009)

Formaldehydeis a very volatile organic compound (VVOC) that has been widely studied
because of its release from a range of buildimg) @nsumer products. Sewrvlatile organic
compounds (SVOCs) have a relatively low vapour pressure and therefore tend to occur at
lower concentrations in indoor air than the more volatile VOCs. They include plasticisers
used in polymeric materials such\dsyl floorings and paints, pesticides such as DDT and
pentachlorophenol, and polycyclic aromatic hydrocarbons (PAHS) produced during fuel

combustion and present in coal tar and in tobacco smoke.
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CO2is a natural constituent of air and only in excepticziecumstances is it present in
sufficient amounts to be a danger to health. It can be present in buildings as a result of
respiration of people and animals, as a product of combustion and as a component of soil gas.
It is widely used as an indicator ofntilation rate and, effectively, as a proxy for body odour.

CO is a colourless, odourless gas, produced by the incomplete combustion of most fuels.

Incomplete combustion can occumg.avhen there is inadequate ventilation to an appliance.

Nitrogen dixide (NO2)is emitted fromgasfuelled cookers, fires, water heaters and oil fired

space heaters.

Sulphur dioxide (SO2 produced by burning sulphaontaining fuels such as coal and oil.
Ozoneis primarily a pollutant of ambient air produced pwyotochemical reaction. It
undergoes reaction indoors with surfaces and airborne pollutants to produce new organic
compounds and particles. Water vapour is produced by people during activities such as
cooking, cleaning and washing, as well as through norespiration. The amount of water
vapour in the air has direct effects on health and comfort and is also important in relation to

the occurrence of biological pollutants.

Particle Pollutiorrefers to a mix of very tiny solid and liquid particles that fawend in the

air, both indoors and outdoors, and which can be harmful to health. It is difficult to assess
particle pollution because the particles themselves are different sizes, some-tamstiotiee
diameter of a strand of hair. Many are even tiniemea are so small they can only be seen

with an electron microscope. Because of their size, individual particles cannot be seen, but
together they appear as a haze which forms when millions of particles blur the spread of
sunlight. This means that humansrdit know when particles are being breathed, yet it is so
dangerous it can shorten life. The differences in size make a big difference in how they affect
health, natural defenses help humans to cough or sneeze larger particles out of our bodies, but
thosedef ences donot keep out smal |l er particl es
diameter, or about orgeventh the diameter of a single human hair). These particles get
trapped in the lungs, while the smallest are so minute that they can pass thelghg

into the blood stream

Researchers categorise particles according to size, grouping them as coarse, fine and
ultrafine. Coarse particles fall between 2.5 microns and 10 microns in diameter and are called

PM10-2.5. Fine particles are 2.5 microms diameter or smaller and are called PM2.5.
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Ultrafine particles are smlal than 0.1 micron in diametand are small enough to pass
through the lung tissue into the blood stream, circulating like the oxygen molecules
themselves. No matter what the siparticles can be harmful to healtdthough the smaller
particles are able to penetrate deeper into the o(@gdrSalem and Khan, 2010)

PMO.17 particulate matter having a diameter smaller than 0.1 microns (100 nm).
PM107 particulate matter having aaineter smaller than 10 microns.
PM2.51 particulate matter having a diameter smaller than 2.5 microns.

The figure below shows sizes of particles as well as sizes of organic or biological

components such as sizes of bacteria and viruses.
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Figure 2.4: Logarithmical length scale showing size of nanomaterials compared to biological
components and definition of 'nano’ and 'micro’ sizes

Source(Buzea et al., 2007
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Recent epidemiological studies have shown a strong correlation between particulate air
pollution levels, respiratory and cardascular diseases, various cancers, and mortality
(Buzea et al., 2007

Thereis extensive scientifistudieson the sources of indoor pollution including a number of
reviews(Crump et al., 2004&luschke, 2004Fernandes de Oliveira E, 2Q0@aroni, 1995
Morawska and Sgnammer, 2003Salthammer, 1999ICrump, 2002Bruinen de Bruin et al.,

2005 Mendell, 2007, below in the table, showing the most commBacause most people
spend most of their time indoors, the health effects due to exposure of both pollutants
generated outdoors and those releasedoirsdcan be significant. It has been estimated that
air pollution reduces the life expectancy of every person in the UK by an average of 7
months, with estimated equivalent health costs of up to £20 billion eacliGreanp et al.,
2004B. According to WHO (2000&a poor 1AQ is believed to haven important causative or
aggravating influence on the following diseases:

Allergic and asthma symptoms

Lung cancer

Chronic obstructive pulmonary disease (COPD)
Airborne respiratory infections

Cardiovascular disease (CVD)

= =4 4 4 A -

Odour and irritation (SBS symptoins

1 Stress
Health effects from indoor air pollution vary greatly, depending on the types of pollution
present, the concentration of each pollutant, and the relative susceptibility of the person.
Some affects are acute such as asthma, hypersensitivity pnésjaond headaches; while
others are chronic such as cancer, heart disease, COPD (Chronic Obstructive Pulmonary

Disease), and othefgvaterfurnace2016) These will now be explored in more detail.
Allergic and asthma symptoms

Allergic and asthma symptonase increasing throughout Europe, affecting betwe8fo3of

the adult population with higher prevalence in infafMendell, 2007. Studies have been
done inKuwait which showthe rate of prevalence of 16% in childré®ehbehani et al.,
2000, and another study done Kuwait shows a higher prevalence at 23% of the children
(Khadadah et al., 2009Fisk et al(2007) stae that he cause of allergic diseases is a complex
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interaction between genetic and environmental facteos exampleasthmatic patients are
sensitive to allergens present in the indoor environment and are often hyperactive to a number
of gasses and pargs. 30 to 50% mcreaserespiratory and asthma relatédesses have been
associated withdolding dampness and mould

Lung cancer

Lung cancer is the most common cause of death from cancer gld¥aly.are due to bad
lifestyle such as smoking. Bit it is estimated that 9% are due to radon exposure in the home
and 0.5% in males and 4.6% in females are due to exposure to environmental tobacco smoke
(ETS). Also evidence suggests some risks have been associated with combustion particles
including ultrafineand fine particles in ambient air, diesel exhaust and indoor cooking oil and
coal burningLewtas, 200Y.

COPD

COPD is a chronic respiratory disorder that is usually progressive and associated with an
inflammatory response of the lungs to noxious particles or g@as$O, 2009. It is
estimated that the prevalence of clinicalyevant COPD in Europe is between 4 and 10% of
the adult population. About 70% of COPD related mortality is attributed to cigarette
smoking. ETS, biomass combustion fumes, particles in ambient air antelomgxposure to
mould/dampness are also attrillite COPD(Burden, 2008

Airborne infectious diseases

Airborne infectious diseases includege onnai reb6s di sease, tuber
(Severe Acute Respiratory Syndrome). Reservoirs of aquatic systems such as cooling towers,
evaporative condensers, and humidifiers, have been the source of airborne agents in spread of
Legionella and pneumasi Symptoms of these diseases can be irritated by exposure to ETS

and combustion particld€arrer 2008 Oliveira Fernandes et al., 1995

2.6 Benefits of good IAQ

The European Commissid2003)documentsa number of benefits for ventilation of future
rural and urban building developments in order to provide healthy aA@ satisfactory
indoor comfort for occupants. According to the commission, the present and future
generation of occupants will be safe, and productive, because good IAQ will:
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2.7

According to European CommissigBC) (2003), indoor air pollution is mainly determined

Advance the health and well-being of buiding ocupants

Optimise energy use and save cos with comfort and produdivity

Minimize indoorand outdoor exposaures to pollutants and other agents with adverse health
effects

Decrease life-cycle cogs by avoiding adverse health effects, energy waste and unnecessary
codgs for opeaation, maintenance and rehabilitation of buidings

Avoid the use of rare materials and encouraging asensble recycling of oher materials
Avoid the use of materials and subgances hazardousto the environment

Not cause unwanted side-effects like noise, draught, added air pollutants, or spreading
indoor or oudloor ganerated polutants

Help to maintain building and city designs and structures tha are vital to soda anc
econonic values and dal neworksamong individuds

Help to preserve historical buildings and environments as well as respecting local
architecturd traditionsin a cautious and aesthetic baance with new building and system
designs

Design and opeating buildingsand systems so that they make sensble use of climate anc

naurd forces and can beadgpted (ove centuries) for shifting demands

Ventilation in Relation to Pollution Sources

by the outdoor pollution levels, and the ventilataystemin relation to the pollution levels.

AThe outdoor pollution levelfhat is,

T The amount of outdoor air 0 iffemgno forme df 6

ventilation

to

1 The indoor pollution sources related to the occupants and their activities (cooking,
copying,
etc)

The pollution from the building itseltf

1 The degree of cleaning of incoming outdoor andrretadoor air

The role of ventilation in relation to the pollution levels is substantial:

24

(bu



1 As far as the indoor pollution levels are concerned, ventilation is on the one hand bringing
the outdoor pollutants into the building but on the other hand it iserioy the
concentrations of pollutants indoors due to indoor pollution sources.

1 Ventilation has also an impact on the outdoor pollution level. Building related pollution
sources represenbaut 40% of the total pollutiodue to the increased thermal iretibn
levels of buildings, including envelope tightness, the importance of the ventilation related
energy use is increasing and may represent up to 50% of the total energy use of a

building, particularly for certain typologies such as office buildings

¥
]

Heating
Cooling

© Air cleaning

Figure 2.5: Pollution sources for indoor and outdoor air quality (source EC, 2003)

However, by bringing in outdoor aim the case of HVAC systems, the distribution ducts
collect dust and otheparticulats, which in time makes the HVAC system a source of air
pollution. Therefore, adequate and frequent cleaning must be done to preserve the cleanliness
of the air pumped into the building. The illustration also twerps the assumption that outdoor
air is cleanethan indoor air. Depending on the location and the nature of the activities done

in a given environment, outdoor air could be more polluted than indoor air, which means
open ventilation might not be the best option, rather a HVAC sy#t&hough, county side

air is said to be more 6cl eanb.
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Figure 2.6: The Role of ventilation in relation to total air exposure (Source: EC, 2003)

2.8 Ventilation Systems

Ventilation can be classified into two types; natural Vatmdn, mechanical ventilation, and

the hybrid ventilation systems. The latter is a ventilation system that is a combination of the
former two.Natural form of ventilation is the most common type of ventilation found around
the world. It is as simple aswmtilating a room through openings, where air enters and exits
the building or space through envelops; windows and doors. The quality of the indoor air,
temperature of the air, and flow rate, depend entirely on the weather condition and of course,
outdoorair characteristics. If there is higltessure wind outside, the flow rate of natural
ventilation increases, similarly, if it is summer or winter, the temperature will differ

accordingly.

2.8.1 Natural Ventilation systems
There is also a form of natural ventitan that is aided by an exhaust fan, where, the fan

extracts the pollutant from the room, while the room is being ventilated by opening windows.
But natural ventilation is plagued a lot of limitations. Natural ventilation system ruutes

have particulatdiltration; it does not have temperature contmhich means, whatever is the
outside temperature (cold/hot) that will be the temperature of the air coming in. With natural
ventilation, there is no insulation from outdoor noise, and consistent andniatatioise can

cause serious health issues to residents, including and not limited to deafness, irritation, and
discombobulating residentsFurthermore, natural ventilation systems cannot pressurise or

depressurisduildings. And lastly, low ventilation tas in some weather conditions low
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ventilation rates dues to buildings with small openings, could result in build up of pollutants

that may make the building inhabitable by humans.

2.8.2 Mechanical Ventilation Systems
On the flp side, mechanical ventilatiomake use of fan powered air supply into the rooms

and exhaust fan that takes the air out of the room.vEhélation supplyair is sometimes

heated by thexhaust air through the aluminium strip found within the HVAC system. These
systems are mostly fodrin countries that do not need cooling systems as much because they
are in cold climates. However, cooling and humidification are not possible. Other ventilation
systems have heating, cooling and humidifying capability. On the other hand, these
ventilation systems are found in countries in hot climétat need systems with cooling
capability in order to ensure thermal comfoMthough, mechanical ventilation systems
(HVACSs) have a lot of advantages, they do have some risks. These include but notdimited
noise generation caused by the fans and pressured air generated by the fans, possible growth
of micro bacteria if there is condensed moisture in the systemothponents of theystems

may become dirtyr contaminateaver the years of operation atitk system magtart to

release pollutants and smells into the rooms, it is also possible that the dirt could come from
unprotected ducts during construction and installatibthe mechanical ventilation system

does not have cooling system, the kind fbum European countries due their cold climates,

at times when temperatures get hotter than usual, such as in unusual summers days, then
thermal comfort is not attained using the HVAC systehecording to theEuropean
Commission (2003)mechanical ventilatins systems have been shown to cause adverse
effects on residents. The commission states, that the reasons are not well known but could be
linked to, but not limited to the following reasofir handling system is a source of
pollution, moisture in air hadling system causes the mould growth, system generates and
transfers noise, ventilation air supply is poorly controlled, occupants cannot influence the
ventilationd As a result, surveys have founghazing fact in some instancethat people

report tremselves more satisfied with natural ventilation than with air conditioning and
mechanically ventilated buildings this is the issue which may have major effect on the whole
building design as natural ventilation has to be integrated into the architeclesagin from

the beginning of the design process.

Figure 2.7shows a proposed retine implementation for HVAC control systeniAt
interval s, al so called O6sampling times, & the
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air condition, supply air catition and outdoor air condition to the optimizer. The optimizer
then uses the values supplied at every interval to update the wabhescontrolled variables
for the reference of the controllék.hold device is used to feed the updating values olitaine
from the optimizein every holding time. Praclly, the duration of the sampling time and

holding time should be chosen to be sterough to catch up the dynas of the indooiair

conditiono
T ' Indoor-air
Reference  comparator i condition
H Air-conditioned !
E Controller » AHU space : >
: !
1 1
i Measurement '
i device '
N Y [ e A :
Optimal Indoor- air condition Supply-air condition
indoor-air
condition - .
easuremen
device — Qutdoor-air condition

Hold | " Sample ‘
- Optimizer [%

device device

-

Figure 2.7: Proposed realtime implementation for HVAC control system
SourceAtthajaiyakul and Leephakpreed@004)

2.8.3 Hybrid Ventilation Systems

This ventilation system is an optimal combination of both natural and mechanical ventilation
systems to achieve theest indoor air quality possible. Heiselberg, (1998) defined hybrid
ventilation systems adias systems providing a comfortable internal environment using
different features of both natural ventilation and mechanical systems at different times of the
day o season of the year. It is a ventilation system where mechanical and natural forces are
combined in a twaonode system. The main difference between conventional ventilation
systems and hybrid systems is the fact that the latter are intelligent systentonttii
systems that automatically can switch between natural and mechanical mode in order to
mi ni mi se energy consumpti on and maiThe ai n
European Commission adopted Wouters (2000) illustration of a Hybrid ventiktgiam

and it is giverbelow in Figure 2.8.
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Hybrid ventilation concepts
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Figure 2.8: Merging the best of natural and mechanical ventilation. SourcéeC, 2003)

As earlier mentioned,he decision on which verdilion system to choose mknds on a
number of factors and characteristics of air quality, flow rate, source control, air cleanliness,
etc. However, Seppanen (1998) gave a number of strategies and ventilation technologies
along side some parameters to aid in the selection ofdhe wentilation system for given
buildings based on their estiredtenergy savings or use. TaBI8 gives these strategies and
technologies.

Table 2.3: Ventilation strategies for better indoor air quality and energy efficiency (Source:
Seppanen, 1998)

Strategy or Technolog| Phase of the Indoor air quality Estimated energy
technology savings in ventilation

Target values fol Available Improved Up to 60% dependin

indoor climate on climate

Particulate filtratio of | Available Improved Minor effect on fan

intake air power

Chemical air cleaning | Developing Improved Up to 100% in
ventilation increase in
fan power

Balancing of air flows | Available Improved 10-20%

Better ventilation Available/developig Improved Up to 50%

efficiency

Location of air intakes | Available Improved No effect

Heat recovery for larg( Available No effect Upto 70% in heating

buildings Available No effect Up to 50% in heating

Houses

Demand controlled Available/developing | No effect Up to 30G40%, up to

ventilation 50% in large spaces

29



Control of specific| Available Improved Depends on applicatio
pollution sources

Control of material Developing Improved Up to 50%

emissons

Task ventilation Available/developing | Improved 10-30%

Local exhaists Available Improved Depends on applicatio
Natural ventilation and Available/developing | Improved Up to 60%

free cooling

Operation ang Available/developing | Improved High (depends of
maintenance initial level)

29 Sources of Indoor Air Pollutants

Diff erent pollutant sourcdsave different characteristics, toxicity, hazardousness, astbech,
level of alert will differ. Some of these characteristics to consider are; the pollutant emitting
capability i.e. how much pollutant does the source give offarldams nature of the
emissions, proximity of occupants to the pollutant source, and the purifying capability of the

ventilation system. Some common indoor air pollutant sources are:

Building Site or LocationThe proximity of buildings to indoor pollutasburces can have a
great influence on the air quality of the indoor spacesekampleyesidential of commercial
buildings located near highways and thoroughfamstruction sites,industrial and

chemical plants may experience higher particulateotrat pollutants levels.

Building Design It is no surprise that poorly desgphbuildings with respect to IAQwiill
experience higher indoor air pollution because of the deficiency in ventilation as pollutants
are trapped inside the buildingBoor desins could be in unstable or we&kundations,
leaking roofs, poorly designed facadesyindow and dooropenings, whichmay allow
pollutant or water intrusionOutside air intakes placed near sources wipalkitants are
drawn back into the building (e.gdling vehicles, products of combustion, waste containers,
etc.) or where building exhaust reenters itite building can be a constant source of
pollutants(EC, 2003).

Building Systems Design and MaintenanBeoken down HVAC systems leave buildings
vulne@ble to outdoor pollutants which can find their way into the building from outside
pollutant sources such as; particulates, exhaust from vehicles, smoke etc. In addition, changes

to the building design or use should also incorporate changes or adjustmehésair-
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conditioning and mechanical ventilati@ystem to accommodate the new changes either in

temperature, humidity, or airflow.

Renovation ActivitiesRenovations areommonplacdor dust and paint smell3herefore,it

is important that ducts anckntilation channelas well as the ACMV systelve isolated and
barriers put up to protect the ventilation ducts from collecting dust and other harmful
particulates coming from construction materidlso by so doing, other parts of the building

are proteted.

Local Exhaust Ventilation and Occupant activitidgeas where certain activities with high
pollutant attributes take place, such as kitchen, motor garages, maintenance shops,
barbershops and beauty salons, toilets, laundry, and trash rooms etd ksbohighly

ventilated.

Building materials and furnishing8uilding materials and homf@rniture come away with
pollutants from the factories and manufacturing pl@hts furnituremay be made of pressed
wood, which releases particles into the air thgreompromising the indoor air quality.
Building materials on the other hand can overtime, breakdowrbegin to release pollutants

or through some disturbance, like wetness, allow for molds to grow on walls and ceilings

thereby compromising the indoor giuality.

2.10 Sustainable Architecture and Urban Development

Sustainability has become a widenging concept that can be applied to almost every aspect
of life onearth, from local to a global scale and over various time pefAfSIRAE, 2009)
Sustainable buildinghas been defined by the European Commissie buildingsfihat
provide a liveable and healthy environment for ti@nabitants and meet their needs without
impairing the capacity of the local, regional and global environmental systems to satisfy the

needs of future generations. 0

The word sustambility is derived from the Latisustinergtenere, to hold). Dictionaries
provide more than ten meanings $wistaimbility. The mai n ones being
"support”, or "endurgDictionary.com, 2010 However,since the 1980sustainabilityhas

been used more in the sense of human sustainability on planet earth and this has resulted in

the most widely quoted definition of sustainability audtainable developmenthat of
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http://en.wikipedia.org/wiki/Sustainable_development

theBrundtland Commissioof theUnited Nations n Mar ch 20, 1987:
development is development that meets the needs of the present without compromising the
ability of future gene(UntdedNations 198/80s3alel®3dp t hei r

| “.. Ecomomy
1 - o

M, Socicty

o e R
™ —

e Enviroament

—

Figure 2.9: The three pillars of sustainability suggest that both economy and society are
constrained by environmental limits(Cato, 2009

Emhemed (2005) used the same definition and Sherl@ikerlock, 199} shares
Brundt | and o6 Sustathabflitynmans livimgn now i such a way that we do not
threaten future life . On t h e Mabonbuglr et d&.2008 think t h aStstaifiable
development is a tentative concept that has not been defined vary.welHe ar gues t h
is still much debate as to what the word sustainability actually means and suggestgghat
original context, Brundtlanddés definition w
embrace the idea of a global ecology with common values, the meaning must be expanded to

allow all parts of nature to meet their own needs now and in the future.

The field of sustainable development can be theoretically broken into three parts: economic

development, social development, and environmental protection (Adams, 2006).
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Environment :
Viable Economic

Figure 2.10: Scheme of Sustainabl®evelopment(Adams, 2006.

Evans (2007) clarified that the three domains of SD arétlee basic aspects of sustaina
development cited by Robinson:

1 Energy in the built environment, on national and international scales;

1 Environmental impact of the built environment, caused by energy use at local, regi

1 Sustainability of the built enronment

Eneagy in the built . Environmental
. Three basic aspects of .
environment , Impact of the built
SUStalnabIe anvirnnmaont
development

Sustainabilityof the \
built Environment

Social

Environmental /

Economic

Figure 2.11: Aspects of Sustainable DevelopmeiliEvans, 2007

Cole and Lorch (2007Jiscussed a four sided model of sustainable development (SD), which
includes; environment, equity, public participation and futurity. The different scales of
response to SD in the urban environment are; sustainable constructiomyinsustainable

built environment, sustainable communities and global sustainability. Furthermore, they

mentioned that there are a wide range of SD conceptual models, and none of which provides
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an adequate representation of sustainable urban developnmotess model of SD has five

aspects:

T
T
)l
)l
)l

SD is a relative, rather than an absolute concept;
SD is a process, not a product or fixed destination
SD is concerned with a very long timeframe;

SD is an ethical construct;

SD must be culturally grounded

In gener§ sustainability deals with the relationships between human and natural systems

(Curwell, 2003.

Cur wel | def i nes

sust ai

nabl e

Angr een

designing a built environment that is energy and ecologically considerate, both internally and

externally. Accordingly, the main goal of SD in the built environment is to graed

improve the quality of life as well as looking to the needs of future generations; consequently,

sustainable architecture and building play an important role for the future development of the

built environment.The principles and the importance afstainable architecture will be

explained in the next section.

This section is important because it shows the importance of environmental aspects such IAQ

and OAQ to sustainable developments.

211

Sustainable Architecture and Building Construction

Sustainal# architecture and construction as a concept appeared more or less at the same time

as the concept of sustainable development evolved. Sustainable design is the conception and

understanding of environmentally sensitive and responsible expression as @ paat

evolving matrix of natur§dMcDonough and Braungart, 2003Sustainable buildings were

described as those buildings that have minimal adverse effects on the natural environment, in

its immediate surroundings and on the wider regional and global s€@ofgigh et al.,

1996. On the other hand, reductions in the consumption of energy was emphasised by

Shelock (199) as a step towards sustainability, and argues that the bgst wao r

reduce our

need to travel

(Sherlock, 1991

(Park, 1998 in his review, summarised four major principles of sustainable building design

as follows

é

t o

vV e

ttoh i
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1) Provide a healthy environment for the workplace by providing good ventilation;

2) Sel ect buil ding technol ogies and materi a
materials;

3) Consume less energy in the new systems in the building than market standards;

4) Havea regcling plan for waste and water.

On the other handJohn et al., 2005had added another parameter in his paper about
sustainable building solutions, he listed the five objectives of sustainable buildings as;
resource efficieng energy efficiency (including greenhouse gas emissions redugction)
pollution prevention (including indoor air quality occupant wellbeing and refisgement)

harmonisation with environmerand ntegrated and systemic approaches.

2.12 Healthy Buildings

Indoor environmental quality refers to all aspects of the indoor environment that affect the
heath and weHlbeing of occupantsThis must include nobnly air quality but also light,
thermal, acoustic, vibration, and other aspects of the indoor envirdiuentet al., 199k

Seven indoor environmental factors that can impact the health of humans have been called
the "Seven Sisters(Flatheim, 1991 cited byPumont, 2008h The factors that comprise
indoor air quality are as follows: lighting, temperature, sound and vibration, electromagnetic

fields, flora and fauna, and the psychological and social enviror(idantont, 2008a

With respect to the indoor environniga healthy building is one that does @alversely

affect the occupantsSome aut hors suggest t hat it shou
productivity and sense of wdbeing to be considered healtflyavin et al., 2006 Thus, it is

not only the absence of harmful environmental characteristics but also the presence of
beneficial oneshat defines a healthy buildingssues of functionality, practicality, building

science, occupant comfort, safetydahealth, should be considered in order to achieve a

suwccessful and beautiful buildings @epicted in Figure 2.12

35



Building Envelope
(Skin. Fat. Hair, Nails)

Structure
(Skelton, Muscles)

Mechanical System
(C rculatory and
Respiratory Systems)

Electrical System
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Alarms. Security, { l "' Ié J
Ccmmunications, and \Ii ‘ |/
Buiiding Automation Systems V(L ‘
(Sensory Organs & Brain) &
BUILDING BODY

Figure 2.12: The building as an analogue of the human body now forms the contemporary fia
of the building as a system concefKesik, 2009

This approach to architecture can be compared to the functioning of the human boely whe
all the organs, tissues and muscles are -rgiated and calependen(Lavin et al, 2006)
According to Kesik (2008jachieving healthy indoor air quality involves balancing factors,
such as building finishes, furnishings, indoor vegetation, mechasigstems, building
maintenance, energy efficiency and sustainability. This list illustrates how providing clean
indoor air involves an interdisciplinary approach to building design and construdtilon.

the past, design professionalsarchitects, enginesrand interior designers, have often
overlooked indoor air qualityTeamwork, mutual respect and discigliwill all contribute

towards healthy and clean indoor environments. As a leader of the design process, architects
are well positioned to advance theed for maintaining occupant health and eeling.

2.12.1 Thermal Comfort and Health

Three factors are responsible for thermal comfort in homes: temperature, air movement, and
humidity. Temperature has an impact on air quality and could lead to great distomfor
Thermal sensation is a strong motivator and may cause the occupant to behave ithatway,
can overwhelm the original desigreeds of the ventilatiosystem High indoor temperature
increases the likelihood of Sick Buildirgyndrome (SBS) symptoms (EZ)03).Ventilation
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can beused to control indoor temperature and humidBpth indoor air quality and
temperature are considered when ventilating a buildiig.movement is also a massive
consideration when designing ventilation systems. The air motevnehe speed in which

the HVAC should blow in air is at the discretion of the occupant®dr air movement thats

high in velocity and even turbulent sometimes ntayse discomfort from draughifsthe
occupants aredready comfortable or cool. Howeveif temperatures are higher and
occupants feel hot, too little amovement cannot solve discomfort, and higher air movement
may be welcomd€EC, 2003) Lastly, indoor humidity also affects comfort and may need to
be increased or reduced depending on tkeatker condition and the occupants themselves.
For example, where outdoor air is used for ventilation, in cold weather, very low indoor
humidity can occur, which then causes dryness, nasal and optical discomfort. Furthermore, in
hot weather, high relativeumidity can occur, whiclieduces the ability to lose heat by
evaporative means (sweatinggn increase discomfort from overheatitigalso increases the

presence of dust mites allergens and molds, which cause asthma and other allergic diseases.

There ae many research studies that have focussed on the control of comfort associated with
HVAC systems. One of which is the work of Atthajariyakul and Leephakpreeda (2004), who
focused on presenting an alternative meardgetérminingthe realtime of optimaindoor air
condition for thermal comfort, air quality and efficient energy us&gedicted mean vote
(PMV), CO2 concentration and cooling/heating load are used as parameter indices for
thermal comfort, indoeair quality and engy consumption respectivelf°’MV indirectly
indicates the satisfaction of the thermal comfort i.e. it shows the optimal thermal comfort.
According to Atthajariyakul and Leephakpreeda (2004), PRV s def i ned by t
important six thermal variables: human activity level, clothimgulation, mean radiant tem
perature, humidity, temperature and velocity of indoogaivhere temperature and velocity

of indoor air have been commonly used as controlled- abies for the HVAC system in

order to keep PMV index at the comfort range
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Figure 2.13: PMV and Thermal Sensation(Source,Atthajar iyakul and Leephakpreeda,(2004)

To calculate the comfort level and indoor air quality for human and energy usage in HVAC
systems, parameter indicase used; i.e. thermal comfort index (PMV, indaar quality
index (CO2 and other pollutantsand energy consumption index. For thermal footnthe

PMV value is recommended to be maintained at O with a tolerance of +0.5 to ensure a

comfor@able indoor Bmate, because this value depicts the range in which 90% of the people
occupying a building are satisfied (Atthajariyakul and Leephakpreeda, 288zhrding to
Atthajariyakul and Leephakpreeda (2004), the value of PMV can be determined by:

PMV = (0.325e 04M 1 .032)
x[M —0.35(43 — 0.061M — P,)
—0.42(M — 50) — 0.0023M (44 — P,)
—0.0014M(34 — T;) — 3.4 x 1075 fy((Ty + 273)*
~(Tore + 273)*) = fahe(Ta — T)] (1)

with

T =357 — 0.032M — 0.1814[3.4 x 1078 £ (T + 273
—(Tort +273)Y) = farhe(Ta + TH]] )

2.05(Ta—T1)"%  for2.38(Tu—1)"> > 10.4/v

he=
=) 1045 for 2.38(Tu—T)"2 < 10.4/
(3)
P.RH
P= = @)
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wherefiTiisthe indoora i r t e mp eTmeit ssir eh ¢ U@¢an radiMasnt t e

the human activity (kcal/hfiy v is the relative air velocitynf/s, Pvis the vaour pressure in

the air mmHg), l¢ is the thermal resistanoé the clothing (clo: Xlo = 018Cnrth/cal),hcis

the convective heat transfer coefficient (kcaim Uf@i9 the ratio of the surface area of the
clothed body to the surface area of the nude bdgys the outer surface temperature of
clothing (UC), R H nipercentHsis the saturadd vapopredsweatasa d i t y
specific temperature.

2.12.2 Acoustic Peformance

All ventilations systems are more often than not, noisy and also serve as mediums that carry
sound from the external environment. Therefore, within the framewfca sustainable living
environment, noise is an important aspect for the comfort of inhabitants. Ventilation systems
easily transmit noise from the outside to the inside environmeptoper choice on design

and operation of the ventilation systemslal with this problenfEC, 2003) IAQ is also
concerned with eliminating noise as it causes discomfort, irritation, damage to hearing, sleep
disturbance, cardiovascular and psychophysiologicaffects, effects on performance,
annoyance and effects oncsal behavior (EC, 2003)Table 2.4shows themaximum limits

allowed for indoomoise inresidentialkenvironmeng in Kuwait.

Table 2.4: Maximum limits allowed for indoor noise inresidential environments in Kuwait.

Type of Indoor Location/ or Recommended noise level in dB(A)
Activity Inside this Location

Residential Buildings

A- Residential houses (villas) and
residential units (flats) located at rural
areas and outer suburbs)

* Sitting and living areas 30-40
Sleeping area 25-30
Entertainment and working areas inside 40-45
house

B-Residential houses (villas) and resident
units (flats) in inner suburbs

Sitting and living areas 3540
Sleeping areas 30-35
Entertainment and working areas inside t 40-45
house

Source: KEPA (2012)
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2.12.3 1AQ and Energy Use

Buildings consume a lot of energy and are said to be the most important energy consuming
economic sectordNow because buildings are affected by their environment and vice versa,
therefore, attentionotthe environmental quality of indoor spaces is very important. Three
factors must be considered when trying to achieve environmental quality of indoor spaces:
the building physics, energy consumption, and the outdoor conditions. The European
Commission (R03) emphasize that since buildings have a long life, spanning several decades
and even centuries, nal l deci sions made at

energy balance and the environment.

In the past, there was the belief that good imdmio quality andenergy efficiency were at

conflict with each other. That is, because buildings use a lot of energy via their HVAC
systems, therefore, desiring good indoor air quality means spending a lot of money on
energy. But itbésebeah. sda@®®85phbyt Rationetan doesn
have good indoor air quality without spending a lot of money on energy if the building and

the HVAC system are designed in a manner that maximizes the ventilation of the Jjeces.
challenge today isotfind the right compromise that allows at the same time for good IAQ

and highly efficient energfeC, 2003)

Climatic conditions
and Energy use |

e, TR mme s
Outdoor climate | I ‘ Ml:'::’:’: cllmait;.’.'
* Temperature ‘ - * Thermal comfort
“*  Air quality ’ L—ﬂ Air quality
~—+  Daylight ‘ "+ Visual comfort
- Noise ‘ Acoustic comfort
Impact of urban context Impaact of comfors level?|

Figure 2.14: Outdoor climate and indoor climate characteristics strongly influence the energy
use of buildings(EC, 2003).
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Specific characteristics of urban climate have in different ways an impact on the energy use
of buildings (EC, 2003). igure 2.14shows thatdur environmental factors contribute to the
energy use in buildings temperature, aiquality, daylight, and even noise, which in turn can
affect the |1 AQ of the indoor spaces. Il n sea
electricity to power air conditiond'his increases smog production and pollutants emission,
not only from thepower plant but also from the AC system themseli#es.buildings that
ventilate their indoor spaces by opening windows and doors, the outdoor pollutants can
greatly compromise the indoor air quality (IAQ). However, for buildings that do not ventilate
its indoor spaces with outdoor air, achieving a good level of indoor air quality requires an
increase in energy use by the HVAC systems. In general, outdoor air is considered to be of
lower quality (except on the country side) as such, regulations do not faabutdoor air

when designing for IAQ.

In most countries, the largest users of energy in cities are buildings. The research by the
European Commission on energy consumption levels in the major European cities has shown
that the energy consumption dfet residential sector varied between488%6 and that of

commercial building, between ZD% incities. This is shown in Table 2@low.

Table 2.5: End Use energy consumption in selected European cities

City Residential  Commercial Industrial Transport Total
(%) (%) (%) (%) (Gl/capita)

Berlin 33 29 15 23 18
Bologna 36 21 11 32 67
Brussels 43 29 5 23 04
Copenhagen 48 26 6 20 78
Hanover 28 25 26 21 112
Helsinki 34 23 9 34 89
London 36 24 11 29 89.10

Souce (EC, 2003)

Noise levels also increase the energy use in buildings. According to European Commission
(2003) cooling and thermal comfort can be impacted by high temperatures in summer time,

t h e r enfjhd veilation can be a very effective strategyifoproving thermal comfort in
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summer and/or eliminating or strongly reducing the energy use for cooling. However, if too
high noise levels occur (as is common in many urban environments), intensive night
ventilation may not be an appropriate strategy.séish, thetypical noise levels in urban
environments may influence also the energy use of buildingd alsoclearthat there often
are lower daylight levels in dense urban environmdriis may result in moratensive use

of artificial lighting andtherefore an increased energy (€, 2003)

50 #
g 407 . 2
2 30
< -
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0 [0 20 30
Aar Now rate dm®'s. person

Figure 2.15: Typical relation between ventilation rate, concentration and the energy use for
ventilation (Source: EC, 2003)

I n the Eur opean ndimnmthesrslatienship detween pvéntlation rate,
concentration and the energy use, it staf®&ntilation is an important parameter for the
indoor air quality in buildings. In general, the more ventilation, the lower the exposure to
pollutants from iside. Hence ventilation also has its energy consequences. In case heating or
cooling is required, the energy penalty is the most important reason to nartimizamount

of ventilation aio (EC, 2003).

2.13 1AQ Standards and Regulations

Construction and ventilan of buildings are capitahtensive projects, therefore, it is
imperative that the major players (owner(s), consultants, building contractor, ventilation
firms, etc.) come together and agree on the objectives and functionality of the building and
system in order to create a building environme
societal standards and regulations. It is important that these objectives are clearly written so

that nothing is misinterpreted.
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The European Commission (2003)istinguishes between standards and regulations.
RegulationsEC (2003)states, are mandatory and therefore applicable to all projects covered

be the regul ation. Wher eas, standards are |
performance. Ventilation stdnar ds shoul d be based on a <cl e
remove or dilute the indoor generated pollutants and supply fresh air for human(beihgs

1996) Of course there are many more reasons why buildings are ventilated but removing

pollutants is therimary reason.

In most developed countries some form of ventilation standards and regulations exists, not so
much in third world countries. There are countries, even in Europe that do not have
appropriate standards and regulations. The general untiegaihat surround indoor air
guality and ventilation of buildings should not be used as excuse not to have standards and
regulations. There is also the problem of application of the necessary standards and
regulations, so much so that, there are new atrdfitted buildings that are not in line with
application standards and regulations, even the developed countries, the so called first world
nations like the UK, USA, and some European countries. Therefore, it showmatiay a
mechanicalentilation sgtem is not a qarantee that an appropriagflow rate is achieved.

The European Commission state that for this redsharefore, it is not sufficient to have

good standards and regulations, it is also importandévelop a coherent framework for the

implementation of these standards and regulations

One d the major reasons for this misalignment between standards and regulations, and
applicability is the nature in which the standards and regulations are written. Most standards
and regulation are wrén in a descriptive form rather than expressed in terms of real figures
of maximum allowable exposure levels such as maximum flow rates levels. This type of non
descriptive standard and regulations, is called a performance oriented regulations and
standard (EC, 2003) The exposure of people to pollutants in a building is nowadays the
most appropriate model for performance based approach. Therefore, EC states that it is

imperative that during design and use, owners should consider the following:

all possibé indoor pollutant sources;
the time different people spent in different buildings indoors and within the building
in thedifferent rooms and outdoor on several locations with different concentrations;

1 from that data evaluate the total exposure.
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Another baic problem with IAQ regulations and standards is that there is not one universal

standard. Every country has its own and the regulations vary from country to country. For
Wo utdble wibch coimpa@dhe gr

example the European Commissiard o pt e d

supply requirements in various countrigsis is given in Tabl@.6 below.

Table 2.6: Comparison of air supply requirements in various European countries

Belgium France Netherlands UK
Required according
Air supply closable? Obligatory Not allowed Obligatory guidance in Approved
Document [
Air flow proportional Air flow proportional with
Dimensioning with floor area Fixed value floor area Fixed val
principles 1 dm*/s.m? floor area ’ 0.9 dm¥sm’ floor area pedvaite
for AP=2Pa forAP=1Pa
Mechanical exhaust
<7 m* bedroom 7 dm¥s at2 Pa 30 m¥h at 20 Pa Tdm/s at | Pa 8000 mm?
14 m* bedroom 14 dm?¥/s at 2 Pa 30 m¥h at 20 Pa 12.6 dm¥/s at | Pa 8000 mm?
Natural exhaust
<7 m? bedroom 7 dm¥sat2 Pa 45 m'h at 20 Pa Tdm¥sat 1 Pa 8000 mm?
14 m? bedroom 14 dm?/s at 2 Pa 45 m'/h at 20 Pa 14 dm¥s at 1 Pa 8000 mm?
Source: Woutersé6 (2000)
Furthermore, there astde s ndar d and regul ations that goVe
systems6é6 as wel l as Oenergy efficient buil d

standards that focus on energy efficient ventilation systems and/or their components, relates

to, for example, type of filter, fan power, efficiency of heat changers, airtightness

performance of ductwork, etc. (EC. 2016). On the other hand, standards and regulations that

focus onthe totalenergyperformance of the overall building. However, this oltezaergy

performance influences, greatly, the use of efficient ventilation systems. A proper example of
standards and regulations of that define energy performance of buildings is the European

Energy Performance Directive (EPD). The following are examgfieeme of the regulations
that was abstracted froBC (2003)

ifiThe met

hodol ogy

the following aspects:

of

cal

cul ati

on

of

ener gy

1 thermal characteristics of the building (shell and internal partitions, etc.).

1 These characteristics may also includetghtness;
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heating installation and hot water supply, including their insulation characteristics;
air-conditioning installation;

ventilation;

1
1
1
1 built-in lighting installation (mainly the neresidential sector);
1 position and orientation of buildings, including outdoor climate;
1 passive solar systems and solar protection;

1 natural ventilation;

1

indoor c¢climatic conditions, including the

The EPD requires that all member states adhere to thesamndl the minimum requirements
have to be met by mew buildings and also for major renovations or large bui(&€gs

2003) The European Commission state that:

fiThe performances of ventilation systems are not only determined by the design, but also by
the performances of the components used in the installation, the quality of the installation

and the operation and maintenance of the sys
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Figure 2.16: Various performance related aspects of ventilationystems(Source: EC, 2003).
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2.14 Improving IAQ at design, construction and occupancy

2.14.1  Design

Anygood | AQ starts at t Wihen dssigming cdéwubuildséos wheine s i g n
retrofitting buildings, the poltbgeheratemust hat t
be considered. Other consideration is the pollution neighbouring buildings generate. For
buildings designed to take advantage of natural ventilation, adequate openable windows
should be provided for the spac€&sr buildings thatare not designed to be ventilated using

natural ventilation, adequate mechanical ventilation sygéega ACMV) powerful enough to

suck outcontaminated air from the building spast®uld be added in the desjgrhilst the

HVAC pumps in clean fresh air into theiltling. The HVAC system must be platén the

design) on the side of the building that is expected to have the best outside air quality.
According to thelEE (1996)the design must take into consideration; the position of the
building, the exhaust opemgrposition, traffic routes, cgrarks, unloading baysefuse chutes

and other nearby gund level or close to evaporatioooling towers.

During design, deciding on what ventilation systems toiua#ether natural ventilation or
mechanical ventilation epends on the use of the building and pollution load envisaged.
Natural ventilated buildings have opening or envelopes in which air, driven by natural forces,
enters the building and egithrough other openings. Here, the building and its openings are
pat of the ventilation system and the ventil
building design from the early stages of desi@C, 2003) On the other hand, in
mechanically ventilated buildings, the building itself is not part of the vaotilaystem but

its design would nevertheless incorporate aspects where the HVAC system will be installed.
According to the ECfiin mechanically ventilated buildings the ventilation air is conditioned
before it is supplied to the rooms via the duct sysBsnause of supply and exhaust air fans

the system is more flexible in respect of building design, and more energy efficient if heat

recovery is used. o

The design of the air conditioning and mechanical ventilation (ACMV) system should be
adequate enough thiregards to the building sizepaces, and activities that will take place
within the building, so that the spread of contaminants in the building are kept to the lowest
possible leve(lEE, 1996) The ACMV system itself must not be made of materials ehait

toxic chemicals into the supply air, harbour bacteria, or generate fungi that are harmful to
occupants. Adequate frequent cleaning of the system should also be done. In addition, at the
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design stage, the proposedilding materials and finishinghug not be chemical emitting,

fungi or bacteria generating. The building materials must be fit for purpose and must not
compromise good IAQ objectives. Furthermore, vadagineering process must not be an
exercise where good IAQ is sacrificed for low costtenials. Good IAQ must be top in the
priority list. The building design must make doors and windows and spaces accessible and

cleaning possible.

Electrical works e.g. fittings, wirings, conduits, etc. should be made withcimemical
emitting coats and ntarials that can be harmful to occupants. Also mechanical designs:
water supply, drainage, boilers, sewerage and other installations should be well planned for
construction and installatioim such a way that thesk of leaks and consequential damage

cawsed by leaks ipreventedIEE, 1996)

Furthermore, during design and construction, there should be an IAQ manager, someone
responsible for making sure that design, construction and commissioning goes well to
provide the best IAQ possible for the buildinfgchieving good IAQ should be done in an
integrated team, where all partners to the project from the design to the construction process,
are included in decisiema ki n g . The European CoA@mins si on
buildings is affected by several pagts in the construction process. The final resiglpends
particularly on the architectural and mechanical des§nMain contractor, mechanical
contractor and several subcontractors also affect the finalé&esulthis complex process it

wouldbe benefial to appoirt a person who is responsibleforn e | AQ i n the pr oc

Figure 2.17: Traditional Approach of Achieving IAQ (ASHRAE, 2009)
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