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Relationship between Lebanese Homeowners’ awareness
of Climate Change and their Decision to use Thermal
Insulation in their Homes

Bedros Krikor Keushkerian

Abstract

Climate change is considered a major threat to the environment and society as a whole.
Reducing building energy consumption through the use of thermal insulation is one way
of combating climate change. This study examines the impact of climate change
awareness on the pre-construction decision of Lebanese homeowners to use thermal
insulation in their homes. A model building consisting of a typical 160 m? single-family
home is used and its thermal loads are calculated in two case: insulated and uninsulated
case, in three different locations in Lebanon: Beirut, Chtaura, and Bcharre-Arz. The
thermal loads were calculated using two methods: the degree-days empirical method,
and the HAP software numerical method. The computations showed energy reduction
ranging between 23% in the coastal region to 52% in high mountains when thermal
insulation is used. The investment payback period ranged from 4.3 years in the coastal
region to 1.5 years in the high mountains. A survey addressed to 100 respondents was
used to understand how Lebanese homeowners’ decision to use thermal insulation was
affected by knowledge of the obtained results. The survey results showed that climate

change awareness has a high impact on this decision; however, the cost seems to play an

vi



important role in the owners’ final decision on whether or not to use thermal insulation.
Spreading awareness about climate change and the payback periods of building thermal

insulation will increase its use and reduce energy consumption.

Keywords: Climate change, Thermal loads, Thermal insulation, Degree Days, HAP.
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Chapter 1

Introduction

1.1 Background

Climate change is one of the most critical issues faced by the world today. The term refers to
long term changes in the Earth’s climate—including changes in the global temperature,
precipitation, wind patterns and other measures of the climate that occur over time. There are
several causes for climate change. Over decades, the Earth’s climate has always changed
naturally. The change in the Earth’s orbit, the output energy of the sun, volcanic activities, the
geographic movements of the Earth’s land masses and several other geographic factors have an
important influence in the natural climate change. As a result of this natural climate change the
Earth has experienced some cold periods when glaciers covered large parts of the Earth’s
surface, and some warmer periods when sea levels were much higher than they are now (Riedy,

2016).

It is true that we cannot control the factors affecting climate change naturally, however recent
studies and scientific observations show evidence that the climate is now changing due to human
activity. This is referred to as “anthropogenic climate change” (Rosenzweig et al.,2008). Human
activities such as burning fossil fuels including coal, oil, and natural gas to produce electricity
and power vehicles, cutting down rain forests and farming livestock cause enormous increase in
the release of “greenhouse gases” (like carbon dioxide, methane, nitrous oxide, halocarbons...)

into the atmosphere. These released gases remain in the atmosphere and trap some of the solar



radiation preventing their reflection back into the space. This is known as the “greenhouse
effect” (Schneider, 1989). Over time, this causes a significant increase in the Earth’s temperature
which in turn results in “global warming”. “Global warming” is a type of climate change that
leads to other changes in the climate like changes in rainfall patterns, storms, floods, rising sea
levels, shrinking mountain glaciers that will have a devastating impact and major threat to not

only the human civilization but also the whole ecosystem.

Some wonder an issue with this significance, threating human existence, why is not given an
equivalent seriousness and awareness by the society. Giddens (2011) answers this question by
explaining his famous term “Giddens Paradox” which states that since the dangers caused by
climate change and specifically by global warming are not tangible and do not directly affect
society’s daily life, people will not bother to take action. Yet when the time comes and the

danger is very visible, then it will be too late.

In order to produce energy, fossil fuels are burned which release significant amounts of carbon
dioxide, the main type of greenhouse gases, making them the main contributors to global
warming and “anthropogenic climate change”. Humans have an important role to play in
preventing global climate change because the activities that are responsible for “anthropogenic
climate change” are entrenched in their daily social life. They can do so by minimizing energy
consumption in their homes. Energy saving is one of the big challenges faced by the world due to
the lack of conventional energy sources of crude oil and natural gas. There are many practices in
our daily lives at home which constitute a major part of our daily energy consumption. Heating
and cooling our homes is an example of the major ones. For this reason, the use of thermal
insulation materials in the building envelope is one of the most effective ways to reduce energy

consumption in our houses.



1.2 Research Question

Does knowledge of climate change impact the decision of Lebanese homeowners on the use of

thermal insulation in the design and construction of their homes?

1.3 Research Significance:

The significance of this study lies in understanding how the Lebanese homeowner’s awareness
of climate change impacts their decision on whether or not to thermally insulate their homes and
contribute to energy savings and reduce greenhouse gas emissions. Understanding this
relationship helps engineers and policy makers to better address the problem of building energy
consumption in a way that benefits people’s health and economic well-being, as well as the

planet’s climate.

1.4 Research aim and objectives:
The aim of this research is to study the impact of climate change awareness on the pre-
construction decision of Lebanese homeowners in thermally insulating their homes. The research
aim is achieved through the following objectives:
e Analyze the climatic impact of using thermal insulation in the building’s envelope;
e Compute the payback periods of using thermal insulation in the building’s envelope; and
e Conduct a survey to access the correlation between owners’ awareness and decision to

use thermal insulation.



1.5 Scope of work:

e Only one thermal insulation material will be studied (although fiberglass does not have
the highest market share in Lebanon, but it will be used in this study because it has many
advantages in several aspects over the other insulating materials found in the Lebanese
market).

e The thermal loads will be calculated on a single house model, but in three different
geographic/climatic regions of Lebanon.

e Last year’s weather data will be used for calculating the thermal loads.

e The number of survey respondents is 100.

e Involving the energy required to produce the thermal insulation materials in the energy

reduction calculations will not be considered.



Chapter 2

Literature Review

2.1 Climate Change

2.1.1 Climate change statistics

Climate Change has been undeniably the most eminent environmental issue since late 20th
century. Programs and meetings started to take place in the 1970’s decade to explore the extent
of anthropogenic Climate Change. Global Atmospheric Research Program (GARP) organized by
World Meteorological Organization (WMO) and the International Council of Scientific Unions
(ICSU) in 1974 is an example in this regard (Rahman, 2012).

According to the Intergovernmental Panel on Climate Change held in 2007, the global
atmospheric concentrations of carbon dioxide, methane and nitrous oxide have increased
noticeably as a result of human activities since 1750 and now far exceed pre-industrial values
determined from ice cores spanning many thousands of years. Increases in carbon dioxide
concentration are due primarily to fossil fuel use and land-use change, while those of methane
and nitrous oxide are primarily due to agriculture. Carbon dioxide is the most important
anthropogenic greenhouse gas. According to the panel, the global atmospheric concentration of
carbon dioxide has increased from a pre-industrial value of about 280 ppm to 379 ppm in 2005,
which exceeds by far the natural range over the last 650,000 years (180 to 300 ppm) as
determined from ice cores.

Approximately 40% of global energy use is attributed to buildings—residential, office and

commercial (Omer, 2008). Residential buildings, in particular, are major consumers of energy in



most countries and homes which combine to produce about 25% of the CO, emissions of the EU
(Rosenow et al., 2013). The breakdown of domestic energy use into different end-use categories,
such as air conditioning, water heating and appliances varies from country to country. HVAC
(heating, ventilation and air conditioning) has been estimated at 25 to 50% of total residential
energy consumption (US energy info, 2013). The percentage share of global greenhouse gas

emissions across the world is divided as shown in Figure 1 (Di Giusto et al.,2018).

East Asia, 34.41%

Rest of the World,
39.84%

United States,
15.99%

European
Union,
9.76%

Figure 1: The Percentage Share of Global Greenhouse Gas Emissions Worldwide (Di Giusto et al., 2018)

2.1.2 Situation in Lebanon

Lebanon is a country located in the East Mediterranean region. A survey conducted by the
Lebanese Center for Energy Conservation (LCEC, 2007) on domestic appliances in Lebanon
reported an average of 2.06 air conditioning units per household. Unfortunately, in most
Lebanese houses, heating and air-conditioning are treated individually—making every room
have its own separate installation. This method for heating and cooling of living spaces increases

the energy demand per person when compared to the use of centralized systems (Bhatia, 2011).



This demand is also increasing with time. By 2030, the estimated population in Lebanon will be
around 5.4 million, which translates to an estimated 2.46 million homes. Total primary energy
demand, Mediterranean basin-wide, is likely to be multiplied by 1.5 within the time frame 2030,
passing from around 1000 Mtoe in 2007 to around 1450 Mtoe by 2030 which is equivalent to an
increase by 2.7 % per year on average, causing a growth rate of 3% per year of CO2 emission

(Mourtada, 2016).

2.1.3 Climate Zoning in Lebanon

Lebanon is a small country located on the eastern shore of the Mediterranean Sea. Lebanon has a
Mediterranean climate that is characterized by hot and dry summers, and by mild and humid
winters, having about 300 sunny days yearly. Generally, the warmest weather occurs during the
period between June and September, where it hardly rains, and the temperature reaches 35 °C at
low altitude. Winters are considered mild in the coastal region, but rough in the mountains
causing heavy snowfall. However, sunny days are also available during winter enhancing the

possibility of winter sports practicing (Comair, 2011).

The Lebanese climate varies from one region to another. According to Thermal Standards for
Buildings in Lebanon (2010), the country is divided into four main climatic zones presented in

Figure 2.



Zone 1: Coastal

Zone 2: Western Mid-Mountain

Zone 3: Inland Plateau

Legend
B Zone
m Zone
W Zone
Zone

Zone 4: High Mountain

DLW N

Figure 2: Climatic Zones in Lebanon (Thermal Standards for
Buildings in Lebanon, 2010)

The general characteristics of the climate zones are summarized in Table 1.

Table 1: General Characteristics of climatic zones and subzones (Thermal Standards of Building in Lebanon, 2010)

Climatic Zone C“m;é'r(:eSUb' Winter Summer Daily Gap
1A .
Altitude < 400m Warm and short  Hot and humid
Hot and humid

1 with maximum
Coastal 1B Cold and long daily

Altitude > 400m ~ 'Mcreasing with temperatures
altitude o :
differing slightly
from 1A

Small all year




More

2 Cold and long Cold and ronounced than
Western Mid No sub-zone increasing with Moderate P .
) . the daily gap of
Mountain altitude Summer
zone 1
Hot and dry
Colder and summer, but
cool at night.
longer than the .
. The minimum
winter at same In summer, the
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2.1.4 Climate Change Awareness

Architects/engineers are said to be more aware of the environmental issues involved in the

building construction industry than contractors are (Majdalani et al., 2006). Educated people,

people who have media access, and those who have experiences of environmental problems such

as floods, cyclones, etc... show more serious concerns towards the issue of climate change than

those who are less exposed to these features. Although such people are very concerned about the

climate change issue, they however are not ready to make big financial contributions to help

alleviate the problem (Hasan et al., 2011). A survey done on citizens of Macedonia showed that

52% of the respondents considered insulating their homes when they were asked to choose the

actions they are willing to take to fight climate change (Bojovic, 2014). Another survey

administered to university students in Taiwan, showed that 65% of respondents were somewhat

concerned and only 28% of them were highly concerned. However, only 11% of the students

showed their full willingness to change their behavior in response to climate change (Di Giusto,
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et al., 2018). In Lebanon, 61% of engineers showed climate change concerns when studying their

awareness regarding sustainable practices in the construction industry (Srour et al., 2020).
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2.2 Thermal insulation

2.2.1 General Terminology

The main terms used in the thesis are defined by Bockh et al., (2011).

K-value: (A-value)

K-value is simply shorthand for thermal conductivity. It is the measure of the ability of a

material to transfer heat. Given two surfaces on either side of the material with a temperature

difference between them, as shown in Figure 3, the thermal
conductivity is the heat energy transferred per unit time and
per unit surface area, divided by the temperature difference.
It is measured in watts per meter degree Kelvin. The lower

the K-value of a material, the better is the insulation.

R-value:

Thermal flow (W)

Higher Temp. T1

Area (m2)

|
NN

Thickness

Higher Temp. T2

Thermal conductivity rate

Figure 3: Thermal Conductivity Rate

An R-value is a rating which measures how well insulation can resist heat flow. ‘R’ stands for

thermal resistance. The R-value depends on the thermal Conductivity and thickness, as shown in

Figure 4. It is measured (m?.K/W). The formula below
defines the relationship between the K-value and the R-
value. The higher the R-value of a material, the better is

the insulation.

R-Value - Thickness (1)

K-value

11

The higher the R Value,
the greater
the insulation value

R = Thickness/k-value

fk=25thenR=4
lfk=.33thenR =3

Figure 4: R-value
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U-value:

A U value is a measure of heat loss in a building element such as a wall, floor or roof. It can also
be referred to as an ‘overall heat transfer co-efficient’ and measures how well parts of a building
transfer heat. It is the inverse sum of the resistance of each building material and surface
resistance of the outer and inner faces of the material, as shown in Figure 5. It is measured in

(W/m?.K). The lower the U-value, the better is the insulating system.

1

U-value = — (2)
Ri+R1+R2+R3+RA+Rn+Ro

Ri = R value of inside air film

R1 to Rn = R value of individual building components R1 R2 RS Rn

RA =R value of the unventilated air cavity if any :
Figure 5: U-value

Ro = R value of outside air film

2.2.2 Modes of Heat Transfer

Heat is transferred in three ways: conduction, radiation, and convection. It is usually transferred
in a combination of these three means, and rarely occurs on its own. In order to seek balance,
heat moves from warm to colder areas. The rate of the heat transfer mainly depends on the
difference in temperature between two areas. The greater the temperature difference is, the faster
the flow will be. If there is no difference in temperature between two areas, heat transfer does not

occur. Mourtada et al. (2016) discussed the three modes of heat transfer.

Conduction:

Conduction is the transfer of heat through a solid material. In order for a heat to pass through a

material, there should be a physical contact between particles and some temperature difference.
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When a certain body is heated, its particles will gain more energy and increase vibration, causing
molecules to bump into nearby particles and passing them some of their energy. This process

continues, transferring the energy from the hot area to the cold area of the substance.

Convection:

The transfer of heat through a fluid (gas or liquid) is called convection. During convection, the
warmer areas of the fluid rise to its cooler areas. Then the cooler areas of the fluid take the place

of the warmer areas resulting in a continuous circulation pattern.

Radiation:

This type of heat transfer does not occur upon a direct contact between the heat source and the
object like the two other types do. In this case, heat is originated from a hot body and is
transferred through empty space in the form of light known as infrared radiation or

electromagnetic radiation.

The three modes of heat transfer are shown in Figure 6.
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CONDUCTION RADIATION

Figure 6: Modes of Heat Transfer

In reality, the exchange of heat in houses occurs by the combination of the three means
mentioned above. Although the most significant mode of exchange in buildings is by conduction
through walls, roofs, and floors, convection and radiation also play an important role. Cold or
warm air can enter the house through gaps in the doors and windows causing conventional mode
to occur. Moreover, a significant amount of radiant heat can be easily absorbed by the windows

transferring the energy into the house.

2.2.3 Thermal Losses in Buildings
Heat losses arise in several forms depending on the building envelope, its structure, and the
characteristics of the materials used. Comair et al. (2011), discuss the five main sources of heat

losses in a simple Lebanese house (shown in Figure 7), which are losses:

e Through the walls of the house
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e Through the roof and floor
e Through the doors and windows
e Due to the ventilation of the house

e Due to thermal bridges

Figure 7: Thermal losses in a house

In cold weathers, for the case of an uninsulated house, the warm air goes out of the house,
through the five forms mentioned above, causing significant amount of heat loss. However,
during warmer weathers, the warm air tries to get inside the house, causing thermal discomfort.
For this reason, in order to achieve thermal comfort inside the house and to decrease energy

consumption used by coolers/heaters, the use of thermal insulation is important.

15



2.2.4 Thermal Bridges

Thermal bridges or cold/heat bridges are weaknesses within a building's structure where heat or
cold is transferred at a significantly higher rate than through the surrounding envelope area. They
are considered weaknesses because they are ignored during the implementation of thermal
insulation in buildings. The failure in achieving continuity in the thermal insulation layer at some

junctions of the building results in thermal bridges (Pelss et al., 2010).

In order to overcome thermal bridges in the structural elements of the building, thermal
insulation continuity should be attained in the following three junctions: between (a) the external
walls and the floor, (b) the external walls and the ceiling , (c) the corners of columns and armed

columns and the external walls (Al Juboori, 2018).

The difference in an uninsulated and an insulated house is shown in Figure 8.

VAR NN NN ' " i R

X\%\//\\//\\//\\%\}\M/ 5/%'\'/'/\5'/%//5/%5/5/%//5/%'\9/5/%5/%5/5/%\//\\//\\//\%\)\\/ A v v v AN
/

R, R N NN R AN R

Figure 8: (a) Uninsulated House vs. (b) Insulated House
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2.2.5 Effects of Thermal Insulation on the Climate
Big increases in greenhouse gas emissions should not be treated lightly. One of the ways to

decrease the global energy demand is the use of thermal insulation in buildings.

The use of insulation materials in houses and offices results in energy savings of a range between
10% and 50% depending on the climate zone. The combination of thermal insulation and solar
water heater usage in buildings has the ability to the decrease 5.7% of the national electricity
demand by the year 2030 (Zaatari et al., 2012). The use of thermal insulating material in
buildings not only reduces CO emissions, humidity and heating/cooling expenses but also
increases the comfort and the health of the inhabitants (Omar et al., 2015). In a case study done
in Qatar, where the cooling load was calculated using the HAP software of a residential house
which was thermally insulated by a 2 cm thick Polyurethane layer, the results showed that this
insulation was enough to reduce the cooling load of the house by 28% (Kharseh et al., 2015).
Another study was conducted in Jordan (using the Energy Plus software) to show the effect of
the use of thermal insulating materials available in the local market on reducing the energy
consumption and the related economic impact. Two insulating materials of different thicknesses
were considered: EPS (expanded polystyrene) and Rockwool using 5 cm and 10 cm thicknesses
for each. The results showed that the use of expanded polystyrene gives the best outcome by
reducing the thermal transmission of the envelope by 76%, the fuel consumption by 26.7%, and
by having lower payback period than the other considered cases (Al-Juboori, 2018). In a study
done in Makkah, Saudi Arabia, the cooling load reduction was significant (up to 50%) when the
thermal response of two similar buildings having the same orientation and located on the same
street was measured using TAS program. Knowing that one of the buildings wasn’t insulated and

the other one had insulation in the external walls, roof and windows (Alaboud et al., 2020).
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2.2.6 HAP Software

Energy modeling software is considered as a major tool used by engineers especially in
designing sustainable buildings. In the past, all engineering calculations including thermal load
calculations were made manually without the use of any computer software or a calculator.
However, hand calculations were very time consuming, calculations could have applied only for
specific cases, and many assumptions were used. During the period between 1950 and 1960,
with the invention of digital computers, many efforts were made to program HVAC engineering
calculations (Kusuda, 1970). One of the significant efforts involved Automated Procedures for
Engineering Consultants (APEC), by a group of engineering companies which developed the the
Heating and Cooling Calculation program (HCC) which was used widely (Romine, 1970). In the
late 1960s, the three organizations, APEC, the National Bureau of Standards, and the American
Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) contributed to the
creation of the National Bureau of Standards Load Determination (NBSLD) software (Kusada,
1976). In the late 1970s, John Staples, an enterprising Carrier sales engineer, automated the
Carrier Effective Temperature Difference (ETD) load calculation method, and a tool that
performed Temperature Bin Method energy cost calculations. The needs of the customers,
including thermal load estimations and adopting an hour by hour energy analysis, resulted in a

new software called Hourly Analysis Program (HAP) (Carrier, 1983).

Carrier’s Hourly Analysis Program HAP is designed for the practicing engineer, to facilitate the
efficient day-to-day work of estimating loads, designing systems and evaluating energy

performance.

HAP has two functions. First it is a tool for estimating loads and designing systems. Second, it is

a tool for simulating building energy use and calculating energy costs.
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HAP uses the ASHRAE transfer function method for load calculations (which accounts for
conduction, convection, and radiation) and detailed 8,760 hour-by-hour simulation techniques

for the energy analysis (Carrier, 2005).

2.2.7 Barriers in Applying Thermal Insulation

Contractors rarely favor new techniques in construction unless these techniques are associated
with lower cost and higher profit (Majdalani et al., 2006). The main hurdles in implementing
sustainable techniques are: high initial cost and lack of awareness. In order to overcome these
hurdles, it is recommended to educate the stakeholders, apply set of incentives/penalties to boost
the adoption of sustainable techniques in the construction industry and enforcement of the use of
these techniques (Chong et al.,2009). Moreover, the Macedonia survey showed that respondents
believe the main reason behind their failure in combating climate change is their lack of
information about the means for doing so. The survey also revealed that respondents consider
that governments, companies, and industries are the main contributors to climate change
(Bojovic, 2014). Knowing that the contractor always tries to keep the cost of construction as low
as possible, and the owner tries to keep the housing operating cost as low as possible (Mourtada
et al., 2016), it becomes evident that cost is a main barrier in implementing sustainable

techniques like the usage of thermal insulation in construction.

2.2.8 Factors Affecting Energy Performance of Buildings

There are many factors which have significant impact on the energy performance of a building.
These factors can be classified into three categories: the building characteristics (ex: building
type, shape, orientation, location of the structure, percentage glazing), the thermal conductivity

of the materials used in the building (components of wall and roof structure, insulation materials,
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HVAC system used) and the specific weather conditions (outdoor air temperature, relative

humidity, solar radiation, wind speed) (Chen, 2020).

The shape factor of the building is the ratio of the building’s surface area to the conditioned floor
area. Increasing shape factor can increase the heating demand of a building located in the
extremely cold climates. This is because the building envelope could release more heat than

those received through the solar radiation (Florides et al., 2002).

For the best performance of passive solar applications, Littlefair (2001) suggested that the best

orientation is to orient buildings 20-30 degrees to the south.

The southern orientation is generally advised for the building located in the northern hemisphere
as it can maximize the solar heat and radiation. Most of the design guides suggest that the longest

wall sections should face the south (Morrissey et al., 2011).

Insulation can be placed on a wall, roof, ceiling, window, and floor of a building. Generally,
wall insulation has been identified as the most effective insulation placement due to its
practicality (Al Homoud, 2005). The thermal performance of insulation is largely dependent on
the thickness of insulation. However, the rising trend of energy- saving rate is not always
reduced under an increasing thickness (Santin et al., 2009). Thus the assessment of the optimum

thickness of each case is critical.

Glazing area percentage, type, and thickness of insulation material play an important role in
heating and cooling of buildings in terms of energy consumption (Ozkan et al., 2010). Ariki
determined the optimum air layer thickness of double-glazed window for different climate zones
by calculating the heating costs. His study revealed that the optimum air layer thickness of

double-glazed window varies between about from 12.2 to 14.6mm (Arici et al., 2010). Thaldeldt
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optimized facade parameters including window properties, external wall insulation, window-to-
wall ratio (WWR) and external shading in order to come up with the best achievable energy
performance. The study found that triple glazing with a WWR of 37.5% resulted in the best
energy performance while very large windows showed worse results compared to more

reasonable sizes (Thaldeldt et al., 2013).

Wind speed has been identified as the least significant impact on building energy compared with
other meteorological factors based on the relevant numerical analysis (Li et al., 2014). Previous
studies indicated that the heating and cooling periods are based on the degree days and the
outdoor air temperature (Liu et al., 2018). Solar radiation influences the building cooling demand
as well, especially under the sub-tropical and tropical conditions. Relative humidity also shows
an important impact on the HVAC system whose coefficient of performance is influenced by the

outdoor air temperature and relative humidity (Liu et al., 2018).

2.2.9 Thermal Insulation in Lebanon

There are several insulating materials available in the Lebanese market. Expanded polystyrene
(EPS), Extruded polystyrene (XPS), fiberglass, rockwool and polystyrene of the sandwich
blocks. Based on a survey conducted in 2011, the EPS known as the white polystyrene has the
highest market share (61.3%) (Comair et al.,2011). The market share of insulating materials in

Lebanon for years 2008, 2009 and 2010 are shown in Figures 9, 10, and 11 respectively.

21



OEPS: 63%

OXPS: 27.7%

OFIBERGLASS: 6.2%

OROCKWOOL AND POLYSTYRENE OF
SANDWICHED BLOCKS: 3.1%

Figure 9: Market Share of Insulating Materials in Lebanon in 2008

OEPS: 59.9%

OXPS: 29.9%

DOFIBERGLASS: 7.3%

OROCKWOOL AND POLYSTYRENE OF
SANDWICHED BLOCKS: 2.9%

Figure 10: Market Share of Insulating Materials in Lebanon in 2009
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OXPS: 31.4%
O FIBERGLASS: 5.3%
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SANDWICHED BLOCKS: 2.4%

Figure 11: Market Share of Insulating Materials in Lebanon in 2010

The thermal insulation market increased by 31% between 2009 and 2010. The potential of
energy savings is the lowest in zone 1 and it is the highest in zone 4 (Zaatari et al., 2012).
Upgrading an existing building structure by adding thermal insulation is very costly and difficult
to implement for the homeowners, compared to the cost of doing the same during initial
construction of the building. Moreover, several technical difficulties may be faced when
retrofitting existing buildings that could have been prevented when done in the early stages of
construction (Friedman et al., 2014). For this reason it is important to consider thermal insulation
in the pre-construction phase. Although the thermal standards of buildings in Lebanon draft was
developed in 2010 by the Engineers’ Association and ECOTECH with the support of ADEME
and ALMEE, and is accepted by LIBNOR (Lebanon Standards), it is however not mandatory in

the construction industry till this day (Mourtada et al., 2016).
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For this reason, it is important to know whether the knowledge of climate change impacts the
decision of Lebanese homeowners on the use of thermal insulation in the design and construction
of their homes or not. Understanding this relationship helps engineers and policy makers to
better address the problem of building energy consumption in a way that benefits people’s health
and economic well-being, as well as the planet’s climate. Knowing that any possible way in
reducing energy consumption can have a significant positive impact on climate change, it is
important to make sure that people are aware of the available means in reducing energy

consumption.
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Chapter 3
Methodology

3.1 Research Program
The research program includes the following steps:

e In order to analyze the economic and climatic impacts of thermal insulation, a sample
house will be used in the three different geographic/climatic regions of Lebanon: coastal
region, interior region, and high mountains region (Assuming that the mid mountainous
region has a similar weather conditions as the interior region).

e In order to calculate the amount of energy savings with the addition of thermal insulation,
the following 2 cases of energy consumption in the sample house will be considered:

1- Without thermal insulation
2- With thermal insulation (walls and ceiling)

e The results calculated by manual formulas of the above cases will be compared to that of
HAP energy simulation software in order to validate the numbers.

e The cost of thermal insulation will be calculated along with its payback period.

e Finally, after calculating the amount of energy, the cost of the thermal insulation and its

payback period, the data will be used to survey owners in order to achieve the aim of the

paper.
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3.2 Model Development

The building model developed, shown in Figure 12, is a single story family home having a total
floor area of 160 m2. The building consists of three bedrooms, three bathrooms, a living room
and a kitchen. The total window area is 26.18 m? and the total wall area 181.72 m? leading to a
percentage glazing of 14%. Temper glassed windows are used in the model. The section view of

the model is shown in Figure 13.
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Figure 12: Model Plan View
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Figure 13: Model Section View

The wall envelope is composed of internal paint, internal plaster, the hollow bricks (20 cm
thickness), external plaster, and the external paint. However, after adding the insulation material,
a second concrete masonry wall of 10 cm thickness is constructed. The wall sections, without

and with insulation, are shown in Figures 14 and 15 respectively.

20 cm hollow Concrete Block
External Finishing.. / "~ Internal Finishing

e

Figure 14: Wall Section without Insulation
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Figure 15: Wall Section with Insulation

Tables 2, 3 and 4 show the column and wall properties which are based on the ASHRAE

standards.
Table 2: Reinforced Concrete Column Components’ Properties
Component Thickness Density Specific Heat R-Value  Weight
P (mm)  (Kg/m®) Capacity (KI/Kg/K) (m2K/W) (Kg/m?)
Inside surface resistance 0 0 0.0 0.1206 0
Cement plaster 15 1860 0.8 0.0209 27.90
Reinforced concrete 250 2243 1.0 0.1300 560.8
Cement plaster 15 1860 0.8 0.0209 27.90
Out3|q|e surface 0 0 00 0.0370 0
resistance
Overall U-value (W/m?2.K) 3.0360
Table 3: Single Block Wall Components' Properties
Component Thickness Density Spé(;l;‘;c(:::;at R-Value  Weight
3 2 2
(mm) (Kg/m?®) (KI/Kg/K) (m=.K/W)  (Kg/m?)
Inside surface resistance 0 0 0.0 0.1206 0
Cement plaster 15 0 0.8 0.0209 0
Block 20 cm 200 2080 1.0 0.2200 416
Cement plaster 15 2002 0.8 0.0209 30
Outside surface 0 0 0.0 0.0586 0

resistance

Overall U-value (W/m2.K) 2.2680
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Table 4: Double Block Wall Components' Properties (With Insulation)

Component Thickness Density Sp(_acific Heat R-Value Weight
(mm)  (Kg/m® Capacity (KJ/Kg/K) (m2.K/W)  (Kg/m?)
Inside surface resistance 0 0 0.0 0.1206 0
Cement plaster 15 2002 0.8 0.0209 0
Block 20 cm 200 2080 1.0 0.2200 416
Fiberglass 50 32 1.0 1.5150 1.6
Block 10 cm 100 2080 1.0 0.1100 208
Cement plaster 15 2002 0.8 0.0209 30
Outside surface 0 0 0.0 0.0586 0
resistance
Overall U-value (W/m?.K) 0.4840

The hip roof is composed of clay shingles laid on steel joists, which in turn are installed on top
of a 20° inclined concrete slab that is 20 cm thick covered by a waterproofing layer
(polyurethane waterproofing). The internal part of the roof is composed of the internal plaster
and a gypsum board. An insulating layer is added afterwards, between the slab and gypsum
board. The roof sections, without and with insulation, are shown in Figures 16 and 17

respectively.

Waterproofing Layer  ~— e T = 2=

. 1575 m J

Figure 16: Roof Section without insulation
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Figure 17: Roof Section with Insulation

Tables 5 and 6 show the properties of the roof components (with and without insulation) which

are based on the ASHRAE standards.

Table 5: Roof Components' Properties (Without Insulation)

Component Thickness  Density Specific Heat R-Value  Weight
(mm) (Kg/m®)  Capacity (KI/Kg/K)  (m?2.K/W) (Kg/m?)
Inside surface resistance 0 0 0.0 0.1206 0
Gypsum board 12.5 950 0.84 0.0500 11.9
Cement plaster 15 1860 0.80 0.0209 27.9
Reinforced concrete 150 2243 1.00 0.1040 336.5
Waterproofing layer 1.5 1400 0.00 0.0100 2.1
Steel joints 30 7850 0.48 0.0200 235.5
Clay shingles 55 540 0.80 0.1520 29.7
Outside surface 0 0 0.00 0.0370 0
resistance
Overall U-value (W/m?.K) 1.9440
Table 6: Roof Components' Properties (With Insulation)
Component Thickness  Density Specific Heat R-Value  Weight
(mm) (Kg/m®)  Capacity (KI/Kg/K) (m2K/W) (Kg/m?)
Inside surface 0 0 0.00 0.1206 0
resistance
Gypsum board 12.5 950 0.84 0.0500 11.9
Fiberglass 50 32 1.00 1.5150 1.6
Cement plaster 15 1860 0.80 0.0209 27.9
Reinforced concrete 150 2243 1.00 0.1040 336.5
Waterproofing layer 1.5 1400 0.00 0.0100 2.1
Steel joints 30 7850 0.48 0.0200 235.5
Clay shingles 55 540 0.80 0.1520 29.7
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Outside surface

: 0 0 0.00 0.0370 0
resistance

Overall U-value (W/m?.K) 0.4930
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3.3 Degree Days Calculation Method

The method used for the calculation of the thermal loads is the cooling and heating- degree days
method, which provides a means of estimating the annual or seasonal amount of energy required
to cool or heat a building structure. The cooling and heating days can be calculated using outside
temperature data which can be hourly, daily, monthly, or seasonal data. In this study, monthly

temperature data is used.

The cooling and heating degree days annually can be calculated by Equations 3 and 4,

respectively (Climatic Zoning for Buildings in Lebanon, 2005).

DDheating = ZR/I:I (18'T0utside )XNday (3)
Where:

DDhreating = Degree-day heating on a base of 18 °C

M = Months from start of the heating season to the end
n = Last month of the heating season

18 (°C) = Base temperature

Toutside = Average temperature for the month

Nday= Number of days in the month

Note: the summation is limited to months where (18-Toutside) gives a value above zero

DDcooling = ZR/{:] (Toutside 'ZI)XNday (4)
Where:

DDcooling = Degree-day cooling on a base of 21 °C

M = Months from start of the cooling season to the end
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n = Last month of the cooling season
21 (°C) = Base temperature
Toutside = Average temperature for the month

Nday= Number of days in the month

Note: the summation is limited to months where (Toutside -21) gives a value above zero

The base temperature for heating degree days is considered to be 18°C and for the cooling degree
days 21°C. In this way, we are assuming that if the outside temperature drops below 18°C, the
building structure needs to be heated, and if it reaches above 21°C, the building structure needs

to be cooled.
After calculating the degree days, thermal loads are calculated by using Equation 5.

Q =24xUxAXDD (5)

Where:

Q = thermal load (Wh)

U = thermal conductivity (W/m?K)
A = area (m?)

DD = degree days

In order to convert the cooling and the heating loads into electrical loads, the cooling loads
should be divided by the energy efficiency ratio (EER) of the cooling system, and the heating

loads should be divided by the coefficient of performance (COP) of the heating system.
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chermal ( )

Qelectrlcal ~ EER or COP

Finally, the payback period is found by using Equation 7:

Insulation Cost
=—- (7)

Annual savings

Where:
A : Payback period (years)
Insulation cost: dollars

Annual Savings: ($/year)
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3.4 Weather Data

Last year’s (2020) weather data is used in the calculation of the degree days. The weather data
of three different regions in Lebanon are used: Beirut, Chtaura, and Bcharre-Arz

(www.worldweatheronline.com). The average monthly temperatures for the three regions are

shown in Figures 18, 19, and 20, respectively.
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Figure 18: Monthly average temperatures in Beirut
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Figure 19: Monthly average temperatures-Chtaura
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Figure 20: Monthly average temperatures-Bcharre-Arz
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3.5 Insulation Material Used

Although EPS has a higher market share in Lebanon than other insulating materials due to its
lowest cost, in this study, fiberglass is chosen as an insulating material based on Table 7

mentioned below (Comair et al., 2011).

Table 7: Comparison between Fiberglass and EPS

Advantages of Fiberglass Disadvantages of EPS

e High acoustic insulation e Degradation in case of long exposure

e High thermal performance to UV radiations

¢ High resistance to compression o Gre_at amount qf energy required

e Non-combustible and fire-resistant during production

e Resistant to aging and deterioration  Non-recyclable

e Resistant to chemicals e Poor long-term dimensional stability
e Sensitive to water

3.6 HAP Model

The weather data used in HAP is based on the hourly weather data, cumulated for several years,

of the three different regions mentioned above.

The building is divided into six main spaces to be heated or cooled: Bedroom 1, bedroom 2,
master bedroom, kitchen, living room, and the corridor/entrance. The overhead lighting is
considered to be 25 W/m? for the entrance and the living room, 15 W/m? for the kitchen, and 10
W/m? for the remaining spaces. Electrical equipment loads are considered mainly in the kitchen
(120W) and the living room (200W). Finally, miscellaneous and latent loads are considered to be

400W and 150W respectively in the kitchen.

Occupancy of five people is considered, having an activity profile 1 (Figure 19a) during

weekdays, and an activity profile 2 (Figure 19b) during weekends.
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Figure 19: Activity Level versus hours of a weekday (a) and a weekend (b)

Infiltration rate is considered to be 0.5 ACH (air changes per hour) all over the house. The house

is assumed to be slab on grade with an average U value of 2.043 W/m?K. The cooling and the

heating system of the house is considered to be single zone central cooling/heating system

having split air handling units. The central cooling unit has an energy efficiency ratio (EER) of

3.18, and the central heating unit has a coefficient of performance (COP) of 3.53. Knowing that

the comfortable indoor temperature ranges between 20°C and 24°C, the thermostat set points

which define the settings for cooling and heating is set to 24°C and 23°C respectively, having a

24- hour profile.
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3.6 Survey

The survey is addressed to 100 respondents belonging to different age groups and living in three
different geographic locations: coastal region, inland region, and high mountains. The survey
includes 18 questions which are divided into three main sections. The first sections is dedicated
to the demographics, which determines the respondent’s age, gender, educational level,

employment, and his or her area of residence.

The second section includes nine questions which help determine the respondent’s awareness
about climate change. In this section, one can study whether the respondent who is aware of
climate change, takes actions in his/her daily life decisions and in what ways he/she does so. If
the respondent is not aware, this section helps address the main barriers of climate change

awareness or the barriers in applying environmentally healthy actions in our daily lives.

The last section which consists of five questions is about thermal insulation. The last section
helps in determining whether the respondent is aware of the benefits of using thermal insulation
in homes, and to what extent he/she is ready financially to buy a home that is thermally
insulated. Moreover, in this section we can determine if the respondent buys a house that is
thermally insulated because it reduces energy consumption or because it is economically feasible

on the long term.

Finally, by relating sections 2 and 3, one can deduce whether the climate change awareness
impacts the decision of Lebanese homeowners in thermally insulating their houses, which is the

aim of the study.
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Chapter 4

Results and Analysis

4.1 Empirical Formulas
4.1.1 Number of Cooling and Heating Degree Days

In order to use the degree-days method for the calculation of thermal loads, first the number of
cooling and heating degree days are calculated (using Equations 3 and 4) of the three different
locations using their weather data. It is important to mention that the number of cooling and
degree days of a specific location is the same for both insulated house case and the non-insulated

one, because the degree days are based on the weather data and not the structure itself.

The number of degree days of Beirut, Chtaura and, Bcharre-Arz based on year 2020 weather data

are shown in Tables 8, 9 and 10, respectively.

Table 8: Number of Cooling and Heating Degree Days in Beirut

Month Cooling Degree Days Heating Degree Days
January 0 201.5
February 0 154

March 0 124

April 0 30

May 155 0
June 45 0
July 155 0
August 186 0
September 180 0
October 108.5 0
November 0 0
December 0 62
Total 690 571.5
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Table 9: Number of Cooling and Heating Degree Days in Chtaura

Month Cooling Degree Days Heating Degree Days
January 0 542.5
February 0 476

March 0 356.5

April 0 195

May 0 0
June 0 0
July 124 0
August 31 0
September 90 0
October 0 0
November 0 270
December 0 387.5
Total 245 2227.5
Table 10: Number of Cooling and Heating Degree Days in Bcharre-Arz

Month Cooling Degree Days Heating Degree Days
January 0 558
February 0 504

March 0 496

April 0 330

May 0 201.5
June 0 90
July 0 31
August 0 15.5
September 0 90
October 0 201.5
November 0 330
December 0 449.5
Total 0 3297

We can see that the highest number of cooling degree days is in Beirut since it has the warmest
weather. This number decreases as we go towards higher elevations like Chtaura eventually
reaching zero in very high mountainous regions like Bcharre-Arz where no cooling is needed
throughout the year. On the other hand, the heating degree days is the highest in the high
mountains where it reached 3297 degree days in Bcharre-Arz since it has the coldest weather and

it decreases as we go down and reaches 571.5 degree days in Beirut.
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4.1.2 Thermal Loads

After calculating the number of cooling and heating days for year 2020 in the locations
mentioned above, their respective heating and cooling loads are found (using Equation 5)
considering two cases: insulated model and uninsulated one. The calculated loads for the three

locations are shown in Figures 21, 22, and 23, respectively.
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Figure 21: Thermal Loads of Insulated and Non-insulated House in Beirut
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Figure 23: Thermal Loads of Insulated and Non-insulated House in Bcharre-Arz

When comparing the thermal loads between the uninsulated house and the insulated one in

Figures 21, 22, and 23, for the specified locations, we see that the thermal load is always higher
in the uninsulated case. This demonstrates the role of thermal insulation which is to decrease the
thermal load on a specific structure by decreasing its U-value and increasing the R-value. As we

increase in elevation, the cooling load decreases and the heating load increases. However, the
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maximum heating load in Bcharre-Arz (13066 kWh) which occurs in January is way higher than
the maximum cooling load in Beirut (4355 kWh) which occurs in August. For this reason, it is
important to compare the total thermal loads between the locations because the ultimate need is

to know the total thermal reduction annually.

Figures 24 and 25 show that, in both cases, insulated and uninsulated one, Bcharre has the
highest thermal load during the year except between mid-June and September (mainly during
summer) when the thermal load in Beirut is the highest. This result is very logical because in the
summer neither heating nor cooling load are needed in high mountains. In Chtaura the thermal
load is zero during May, June and October since it has an average weather so cooling and heating

are not needed during these months.
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Figure 24 : Thermal Load Comparison between Beirut-Chtaura-Bcharre (Using Empirical Formulas-Without Insulation)

44



8000

7000 |
6000 | r—
5000 r
4000

3000 |

Thermal Load (kwh)

2000 |

1000 r

JAN FEB MAR  APR MAY  JUN JUL AUG SEP OCT NOV  DEC

—=— BEIRUT THERMAL LOAD (EMP) CHTAURA THERMAL LOAD (EMP)
—&— BCHARRE THERMAL LOAD (EMP)

Figure 25: Thermal Load Comparison between Beirut-Chtaura-Bcharre (Using Empirical Formulas-With Insulation)

By comparing the three different locations in Figure 26, we can conclude that the reduction of
thermal load between the insulated and uninsulated case increases with the increase in the

thermal load in the base line conditions (uninsulated case).
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Figure 26: Annual Thermal Loads (Empirical Formulas)
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4.2 HAP

After inputting all the data mentioned in the methodology section into the HAP software, as
shown in Figure 27, hourly simulation of the thermal loads was done on the three specified

locations.
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Figure 27: HAP Model Input

The thermal loads for the three studies locations are shown in Figures 28, 29, and 30,

respectively.
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Figure 28: Thermal Loads of Insulated and Non-insulated House in Beirut (HAP results)
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Figure 29: Thermal Loads of Insulated and Non-insulated House in Chtaura (HAP results)
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Figure 30: Thermal Loads of Insulated and Non-insulated House in Bcharre-Arz (HAP results)

As was mentioned in the analysis of the empirical results, all charts show that the thermal load of
any month calculated by the HAP software in the insulated case is lower than that in the

uninsulated one, which highlights the role of using thermal insulation in single-family homes.

During the first three and the last two months of the year, the thermal loads in Bcharre-Arz are
the highest compared to the other two locations in both insulated and uninsulated cases.
However, by comparing Figures 31 and 32, the thermal load reduction in Bcharre-Arz between
the insulated case and the uninsulated one is bigger than that in Beirut or Chtaura. This is
because in high mountains the weather conditions are extreme, so we can say the percentage

reduction will be greater as we go towards higher regions.
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Figure 31: Thermal Load Comparison between Beirut-Chtaura-Bcharre (Using HAP-Without Insulation)
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Figure 32: Thermal Load Comparison between Beirut-Chtaura-Bcharre (Using HAP-With Insulation)
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4.3 HAP vs. Empirical Formulas

It is important to compare the results between the HAP software and the ones from the empirical
formulas, in order to see if there is any convergence in values. This comparison is shown in

Figures 33 through 38.
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Figure 33 : Thermal Load Comparison between HAP and EMP Formulas in Beirut (Without Insulation)
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Figure 34: Thermal Load Comparison between HAP and EMP Formulas in Beirut (With Insulation)
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Figure 35 : Thermal Load Comparison between HAP and EMP Formulas in Chtaura (Without Insulation)
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Figure 36: Thermal Load Comparison between HAP and EMP Formulas in Chtaura (With Insulation)

14000

12000 |
10000 | x

8000 | X

6000 | -
4000 | - .

2000 | 4 N

_ ¥
oL o= g R N e |
JAN FEB MAR APR MAY JUN JUL AUG SEP  OCT NOV DEC

—— COOLING LOAD (EMP) HEATING LOAD (EMP)
- —#- — COOLING LOAD (HAP) — - ~ HEATING LOAD (HAP)

Figure 37: Thermal Load Comparison between HAP and EMP Formulas in Bcharre-Arz (Without Insulation)
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Figure 38: Thermal Load Comparison between HAP and EMP Formulas in Bcharre-Arz (With Insulation)

There is a noticeable difference between the HAP results and the ones obtained using the
empirical formulas. There are several reasons behind this difference. Many factors are not taken
into account in the degree-day method calculations. Some of the factors are climatic and the

others are not related to the climate. These factors include:

e The effect of solar radiation on the building envelope

e The impact of humidity on the cooling loads

e The thermal mass of the structure

e Infiltration

e Building characteristics (percent glazing, orientation, slope of roof, etc.)
e Latent and miscellaneous loads

e Internal loads (lighting, other electrical equipment, residents...)

Moreover, Figures 33 through 38 show that, in all cases, the cooling loads calculated by HAP are

always higher than the ones calculated by the empirical formulas, and the heating loads of the
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latent are higher than those calculated by HAP. These results are very logical. HAP considers all
the factors mentioned above in its calculations. The solar load in summer can be higher than the
heat gained by conduction through the building envelope. The solar radiation will increase the
cooling load needed by the structure. On the other hand, in winter, the solar radiation can be
beneficial, as it can heat the house with free energy, decreasing the need of heating load. For this
reason, we see that the heating load calculated by HAP is less than the one calculated using

degree-day formulas, and the case is the opposite when calculating the cooling loads.

Talking about the impact of humidity, HAP bases its calculations both on the dry and the wet
bulb temperatures of a certain location. The humidity ratio can be derived based on the relative
humidity, the wet bulb temperature. The introduction of humid air in houses has a vital impact on
their thermal energy requirements. During summer, it will cause the cooling load to increase,
because in the process of cooling, the moisture in the introduced air is eventually condensed and

extra cooling energy is needed for this dehumidification process.

HAP considers the effect of the building mass in its calculations. Structures with important
thermal mass can store energy from solar radiation during the day and release it at night,

reducing the need in heating load in winter, having an opposite effect during summer.

In addition to the above factors, considering infiltration, and other loads as latent, miscellaneous,
and internal loads in the HAP software, will lead to a similar divergence in the results obtained
from HAP and the empirical formulas, i.e. we will see that the cooling loads obtained from HAP
is higher than that obtained from the formulas, and the opposite will be obtained for the heating

loads.
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4.4 Data Used in the Survey

The electrical loads and the payback periods were calculated using Equation 6 and 7
respectively. In order to have realistic results, and according to the reasons mentioned in part
4.3.1, HAP results were used. Table 11 shows a summary for the electrical load reductions and

the payback periods of each of the three locations using the HAP software.

Table 11: Load Reduction and Payback Period Calculations

Beirut Chtaura Bcharre-Arz
Electrical Load without Insulation (kwh/yr.) 16589 17903 20653
Electrical Load with Insulation (kwh/yr.) 12796 10962 9951
Percentage Energy Reduction (%/yr.) 23 39 52
Electricity Cost ($/kwh) 0.13 0.13 0.13
Annual Saving Cost ($/yr.) 493 902 1391
Insulation Cost ($/m?) 5 5 5
Insulation Area (m?) 293.4 293.4 293.4
Total Insulation Cost ($) 1467 1467 1467
Second Wall Cost ($/m?) 4.8 4.8 4.8
Total Cost ($) 2117 2117 2117
Payback Period (years) 4.3 2.4 1.5

It is remarkable to understand the change in percentage energy reductions and in the payback

periods of the insulating material once its thickness is doubled and tripled. Table 12 shows these

variations.
Table 12: Percentage Energy Reductions and Payback Periods of different insulating thicknesses
. Insulation Thickn Percen Ener .

Location sulat O(cm) cKness Segictt?gr? (% ?y?)y Payback Period (yr)

5 23 4.3

Beirut 10 24 6.8

15 25 9.2

5 39 2.4

Chtaura 10 43 3.6

15 44 4.9

5 52 1.5

Bcharre-Arz 10 58 2.3

15 61 3.1
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We can see that as the thickness of the insulating material is increased, the percentage energy
reduction increases. However, the increase in the percentage energy reduction differs from one
location to another, and between the different thicknesses used in each location. For example, in
Beirut, the increase in the energy percentage reduction is minor with respect to that in Chtaura
and Bcharre-Arz. Although, in Beirut, the percentage reduction increased by the same increment
when we doubled and tripled the insulating layer, this wasn’t the case in Chtaura and Bcharre-
Arz. When we tripled the insulation thickness the percentage increase in the energy reduction
became less. This means that we could reach a thickness where no longer further percentage

reduction is achieved.

Furthermore, the payback period also increases as thicker insulation was used. This is because
when we use thicker insulating materials, the insulation cost will increase. However, since the
increase in the percentage reduction is minor with respect to the increase in the insulation cost,

the payback period is greater.

Finally, since the 5 cm thickness Fiberglass results in the least payback period in the three
mentioned locations, and it provides overall U-values for the roof and wall sections, 0.493
W/m?.K and 0.484 W/m?.K respectively, that are in the range of the accepted U-values of
residential houses, according to the Thermal Standards of Buildings in Lebanon, the results

calculated using 5 cm Fiberglass, which are shown in Table 13, are used in the survey.

Table 13: Data Used in the Survey

Beirut Chtaura Bcharre-Arz
Percentage Energy Reductions (%/yr.) 23 39 52
Total Insulation Cost per floor area ($/m?) 13 13 13
Payback Period 4.3 2.4 1.5
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4.5 Survey Results
4.5.1 Respondents’ Profile

The survey was addressed to 100 respondents, conducted during a two week period by an online

questionnaire on Foureyes.com website.

Figure 39 shows the age distribution of the respondents. Most of the respondents belong to the

age range 30 to 50 years old, which constitute the major age group of home owners.

Above 50 years
old, 16%

Below 30 years
old, 27%

30 to 50 years
old, 57%

Figure 39: Respondents' Age Distribution

Unfortunately, the survey lacks an even gender distribution of respondents, as males constitute

84%, as shown in Figure 40.
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Female, 16%

Male, 84%

Figure 40: Gender Distribution of Respondents

Figure 41 shows that the majority of the respondents hold a university degree.

D High School Diploma, 7%
D University Diploma, 53%
0O Masters Diploma, 37%

O PHD Diploma, 3%

Figure 41: Respondents' Educational level

Additional profile information like the respondent’s occupational level and area of residence

were extracted from the survey and shown in Figures 42 and 43, respectively.
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Freelancer, 20%

Employee, 40%

Employer/Owner,
40%

Figure 42: Respondents' Occupational Level

It is important to mention that the distribution of the respondents’ area of residence reflects the
real distribution of the Lebanese population, as most of the Lebanese live in the coastal region,

and the number decreases as we go higher towards the high mountainous region of Lebanon.

High mountain
egion, 14%

Coastal region,
57%

Interior region,
29%

Figure 43: Respondents' Area of Residence
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4.5.2 Climate Change Awareness

The respondents’ climate change awareness was studied based on the questions asked in the

second part of the survey.

The first question addressed to the respondent was that whether he or she considers climate
change a serious threat to the society. Their answers according to their age and educational level
are shown in Figures 44 and 45, respectively. We can see that in all age groups, most of the
respondents consider climate change as a serious threat to the society. The highest percentage is
in those who are above 50 years old. This generation is called the “Baby boomer” generation.
Baby boomers are known to be independent, self-assured, and resourceful. As such, this
generation can squeeze every ounce of usefulness out of the online activities, researches, and
new ways to tackle problems that you offer to them. For this reason, we can say that, on its own
work and research, the majority of this generation knows very well the severity of climate
change. These characteristics begin to fade out as we get to the generations “x” (ages 41-50) and
“y” (25 to 40). This explains the lower percentage in the level of seriousness in these

generations.
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Figure 44: The Level of Seriousness of Climate Change According to the Respondents’ Age

Moreover, most of the respondents, regardless to their educational level, consider climate change
as a serious or somewhat serious threat to the society. Figure 45 shows that, among the ones who
hold a university or a higher degree, most of the respondents consider climate change a very
serious issue. However; the level of seriousness decreases among the ones who hold a high

school degree. This is logical, because school students are not exposed to climate change topics

as the university students are.
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Figure 45: The Level of Seriousness of Climate Change According to the Respondents’ Educational Level

In total, and as shown in Figure 46, 70% of the respondents consider climate change a very
serious issue that threatens society, 26% consider it somewhat serious, and only 4% consider it to
be not serious at all. However, this result alone does not reflect the level of respondents’

awareness of climate change.

O Very Serious, 70%
O Somewhat Serious, 26%

O Not Serious, 4%

Figure 46: Respondents' Thoughts about Climate Change

When asked if they had perceived some particular changes in the environment or the climate in
the past 10 years, respondents marked the aspects mentioned in Figure 47. One can see that
increased temperature and seasonal shifts are considered two of the most obvious environmental
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changes in the climate change issue. The highest percentages were for the increased temperature,
and that for the seasonal shift because these are the most occurring and obvious changes, in
addition to the changes in the rain, compared to the floods and droughts. It is surprising that 5%

of the respondents don’t see any change in the environment with all the obvious changes

mentioned above.
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Figure 47: Environmental Changes Considered by the Respondents

Figure 48 shows that more than half of the respondents follow climate change related activities
and policies, although such activities are rare in Lebanon. This result doesn’t reflect directly the
level of awareness of the respondent, because a person may be aware about climate change, but

is not involved in any activity due to several economic or social barriers.
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Don’t Follow,
43%

Follow, 57%

Figure 48: Respondents' Involvement in Climate Change Activities

Figure 49 shows the respondents’ opinion over the involvement of different sectors in fighting
climate change. According to the respondents, the main contributors in fighting climate change
in Lebanon are NGOs and international organizations. Most respondents think that local
industries, citizens and the government do not take serious actions in fighting climate change.
Unfortunately, this is the case in Lebanon, where industries don’t take serious measures in
fighting climate change by for example reducing energy consumption, using filters, or any other
way. First, because of financial issues. Fighting climate change may be costly. Second, because
there are no strict regulations that forces companies or industries to take such measures. For this
reason, it is the responsibility of the government to enforce such regulations. Moreover, it is the
responsibility of each citizen to fight this change in any possible way. However; with lack of law

enforcement in the country, citizens neglect their responsibilities.
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Figure 49: Respondents' Opinion of Different Sectors' Involvement in Fighting Climate Change

Figure 50 analyzes whether respondents consider the environment, particularly the climate

change issue, while making decisions related to their daily life activities. We can see that most

respondents answered that they consider energy reduction, followed by waste recycling, and

buying environmentally friendly products. The least percentage was with buying a thermally

insulated house, which is considered an activity that might not be conducted on a daily basis,

unlike the others.
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Figure 50: Actions Taken by the Respondents in Fighting Climate Change
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There are many reasons upon which people take actions in fighting climate change. The reasons

chosen by the respondents are distributed in Figure 51.

It is the right of every person to live in a healthy environment. However; in order to preserve this
right we are responsible for our daily actions and it is our duty as a citizen to act accordingly and
preserve the environment. Moreover, we have a responsibility towards future generations. We
should keep our environment clean in order to help them live in a similar environment. .
Although the three mentioned reasons are considered to have the same level of importance, the

desire to live in a healthy environment was a priority among the most respondents.
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Figure 51: Reasons that Triger Healthy Behavior towards the Environment

On the contrary, there are several barriers to environmental and climate friendly behavior. Figure
52 shows that most of the respondents believe that it is the duty of the government and
companies to fight climate change. Although the government has a major responsibility in law
enforcement in fighting climate change, but as we said it is the duty of the citizen also.
Moreover, some of the respondents think that the lack of knowledge in the means in fighting
climate change also prevents the application of environmentally friendly applications. For this

reason spreading awareness is important. Lower percentages think that changing behavior will
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not change anything or it is too late to do so. Urgent response is needed to fight climate change

and it is never too late. Finally, a very low number of respondents are not concerned about

climate change at all.
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Figure 52: Barriers in Fighting Climate Change

Figure 53 shows if respondents are well informed about different issues and proposal related to
climate change. The results indicate that most of the respondents are somewhat informed about

climate change issues which shows that lack of knowledge, concerning this issue, exists in

Lebanon.

Yes, 19%

Somewhat, 69%

Figure 53: Respondents' Level of Climate Change Information
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Figure 54 shows the sources from which the respondents obtain climate change related
information. Most of the respondents learn about climate change through the internet and
through social media. According to the respondents, the least convenient way of spreading

climate change information is through seminars.
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Figure 54: Sources of Climate Change Information

In order to determine the level of the respondent’s awareness in climate change issue, the

flowchart shown in Figure 55 is used. The results are shown in Figure 56.
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Figure 55: The Process of Studying the Respondents' Awareness in Climate Change

Although the climate change issue is considered a very critical issue worldwide, Figure 56 shows

that only 12% of the respondents are considered to be aware in climate change. Most respondents
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are considered as somewhat aware, a very low percentage are not aware at all. The main reason
behind this distribution is that climate change isn’t affecting directly on people’s lives yet.
People are not feeling the major environmental changes because they occur over a period of time
and are not on a day to day basis. Moreover, this result shows that, most of the respondents think

on a short term level.

OAware, 12%
O Somewhat Aware, 84%

ONot Aware, 4%

Figure 56: Respondents' Level of Awareness
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4.5.3 Thermal Insulation

Although there aren’t any regulations regarding thermal insulation in Lebanon, Figure 57 shows

that most of the respondents are familiar with the concept of thermal insulation.

Yes, 82%

Figure 57: Respondents' Familiarity with Thermal Insulation

After studying their awareness, the respondents were asked whether they want to buy a house
that is thermally insulated or not. Figure 58 shows that 93% of those who are considered aware
wanted to buy thermally insulated house, but this percentage decreased with the decrease in the

respondents’ awareness.
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Figure 58: Respondents' Decision in Buying a Thermally Insulated House Based on Their Awareness

It is important to test if the respondent changes his/her opinion in buying a thermally insulated

house, after being provided with additional information regarding thermal insulation. For this

reason, the respondents were asked the following three questions in order:

Do you want to buy a thermally insulated house knowing that it leads to yearly energy

reduction of (23% in the coastal region, 39% in interior region and 52% in the high

mountains)?

Do you want to buy a thermally insulated house knowing that it leads to yearly energy

reduction of (23% in the coastal region, 39% in interior region and 52% in the high

mountains), but it costs $13/floor m? more?

Do you want to buy a thermally insulated house knowing that it leads to yearly energy

reduction of (23% in the coastal region, 39% in interior region and 52% in the high

mountains), but it costs $13/floor m? more; however, has a payback period of (4.3 years

in the coastal region, 2.4 years in the interior region, and 1.5 years in high mountains)?
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The respondents’ answers (based on their level of awareness in climate change) are shown in
Figures 59, 60 and 61. It is clear that, in all cases, the number of respondents who answered
“yes” in the first question, decreased when they knew that they would have to pay the extra
cost of insulation mentioned above. However, this number increased and the ones who
declined to buy a thermally insulated house came close to zero, in all cases, when the
respondent was informed with the payback periods mentioned above. This shows that, it is
very important to highlight the economic advantages of thermal insulation in addition to its
environmental one in order to increase its use in the market, and eventually help in a way in

fighting climate change.
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Figure 59: Respondents' Decision in Buying a Thermally Insulated House (The ones who are aware of climate change)
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Figure 61: Respondents' Decision in Buying a Thermally Insulated House (The ones who are not aware of climate change)
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Chapter 5

Conclusion and Recommendations

Climate change is one of the critical social and environmental issues that humanity is facing
today. Rising temperatures, extreme weather events, melting of arctic ice, droughts, and seasonal
shifts are some symptoms of this problem. Reducing building energy consumption through the

use of thermal insulation helps in combating climate change.

A parametric thermal simulation study was conducted on a typical 160 m? single-family home to
understand its energy performance with and without thermal insulation. The thermal
performance was analyzed numerically and analytically over a period of one year by locating the
building in various regions in Lebanon that are characterized by distinct climates. The results of
the energy simulation were utilized in a survey that was administered to one hundred home

owners.
Upon analyzing the results of this study, the following conclusions can be reached:

e Thermal loads are higher in mountainous regions than the ones in the coastal region of
Lebanon.

e The degree-days empirical method is considered to be less accurate than the HAP
software numerical method in building thermal load calculations, since it neglects some
of the important climatic and building parameters in the computation process.

e The use of thermal insulation in buildings results in annual energy reduction ranging
between 23% in the coastal region to 52% in high mountains. Hence, the use of thermal

insulation in buildings is contemplated a good means in confronting climate change.

75



e The investment payback period of the insulating material, specifically the fiberglass,
ranges from 4.3 years in the coastal region to 1.5 years in the high mountains. Unlike the
energy reduction percentage, the investment payback period is inversely proportional to
the elevation of the building from the sea level.

e The investment payback period increases when the thickness of the insulating layer is
doubled or tripled, since the annual savings due to energy reduction is minor compared to
the increase of insulation cost.

e According to the Lebanese homeowners, climate change is not considered a very serious
threat to the society. Given that climate change awareness was shown to influence a
person’s decision on whether or not to invest in thermal insulation in buildings,
awareness campaigns through seminars and workshops by professional engineering and
environmental societies are thus needed to combat this problem.

e Survey results showed that cost was the main obstacle facing owners in using thermal
insulation in buildings. Most people are not yet ready to make financial sacrifices in order
to fight an environmental crisis. Thus, informing the public about the payback periods of
building thermal insulation will increase its use.

e According to the Lebanese homeowners, governments and authorities have a
responsibility in fighting climate change and should be the major driver in amplifying the
use of thermal insulation. Thermal insulation building regulations must be passed and
enforced. Incentives such as loans and tax breaks should be put in place in order to

overcome the cost barrier of using thermal insulation in buildings.

This study was grounded on using one insulating material (fiberglass) with a particular

thickness (5 cm). Future research should include:
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Using other insulating materials and comparing their percentage reductions in energy
consumption along with their payback periods

Computing the optimum thickness of different insulating materials

Considering the energy required for the production of the insulating material in the

energy reduction calculations in order to comprehend its net energy saving amount.
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Appendix A

Tables 13 through 18 show the cooling and heating loads of the model calculated using the

empirical formulas and HAP respectively.

Table 14: Thermal Loads in Beirut (Using Empirical Formulas)

Month _ Without Insulatior_w _ With Insulation _
Cooling Load Heating Load Cooling Load Heating Load
(kwh) (kWh) (kWh) (kwh)
January 0 4718 0 2441
February 0 3606 0 1866
March 0 2904 0 1502
April 0 703 0 364
May 363 0 188 0
June 1054 0 545 0
July 3629 0 1878 0
August 4355 0 2254 0
September 4215 0 2181 0
October 2541 0 1315 0
November 0 0 0 0
December 0 1452 0 751
Table 15: Thermal Loads in Chtaura (Using Empirical Formulas)
Month _ Without Insulatior_w _ With Insulation _
Cooling Load Heating Load Cooling Load Heating Load
(kwh) (kWh) (kWh) (kwh)
January 0 12703 0 6573
February 0 11146 0 5767
March 0 8348 0 4320
April 0 4566 0 2363
May 0 0 0 0
June 0 0 0 0
July 2904 0 1502 0
August 726 0 376 0
September 2107 0 1091 0
October 0 0 0 0
November 0 6322 0 3271
December 0 9074 0 4695
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Table 16: Thermal Loads in Bcharre-Arz (Using Empirical Formulas)

Without Insulation

With Insulation

Month Cooling Load Heating Load Cooling Load Heating Load
(kwh) (kwh) (kwWh) (kwh)
January 0 13066 0 6761
February 0 11802 0 6107
March 0 11614 0 6010
April 0 7727 0 3998
May 0 4718 0 2441
June 0 2107 0 1091
July 0 726 0 376
August 0 363 0 188
September 0 2107 0 1091
October 0 4718 0 2441
November 0 7727 0 3998
December 0 10525 0 5446
Table 17: Thermal Loads in Beirut (Using HAP)
Month _ Without Insulatior_1 _ With Insulation _
Cooling Load Heating Load Cooling Load Heating Load
(kwh) (kwWh) (kWh) (kwh)
January 246 1403 239 134
February 460 889 453 92
March 1774 135 1702 5
April 3565 4 3487 0
May 6328 0 6234 0
June 8853 0 6956 0
July 10833 0 7928 0
August 11027 0 7992 0
September 9253 0 6857 0
October 6572 0 6420 0
November 2794 99 2742 2
December 471 716 465 45
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Table 18: Thermal Loads in Chtaura (Using HAP)

Month _ Without Insulatior_1 _ With Insulation _
Cooling Load Heating Load Cooling Load Heating Load
(kwh) (kwh) (kwWh) (kwh)
January 2 6054 0 2070
February 7 4667 0 1491
March 293 2331 287 614
April 1907 663 1803 157
May 4442 17 4215 1
June 7337 0 5338 0
July 9415 0 6811 0
August 9052 0 6744 0
September 6821 0 5723 0
October 3667 132 3544 11
November 215 1411 207 191
December 0 5239 0 1588
Table 19: Thermal Loads in Bcharre-Arz (Using HAP)
Month _ Without Insulatior_w _ With Insulation _
Cooling Load Heating Load Cooling Load Heating Load
(kwh) (kWh) (kWh) (kwh)
January 0 9994 0 4043
February 0 7875 0 3086
March 0 6483 0 2308
April 30 4701 28 1568
May 710 2537 702 703
June 2889 415 2806 42
July 3678 194 3604 15
August 4594 0 4365 0
September 2543 141 2505 9
October 96 2583 80 504
November 31 5672 26 1976
December 0 9290 0 3701
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Appendix B

The following constitute the survey questions that were sent to the respondents.

Introduction:

My name is Bedros Keushgerian and | am currently working on a research project about climate
change and thermal insulation funded by the Lebanese American University and directed by Dr.
Caesar Abi Shdid. Your help and assistance in completing the questionnaire will be invaluable

for the study.

If you agree to participate, all the information you provide will be completely anonymous and

confidential. It will take approximately 10 minutes to complete this survey.

The questionnaire starts by asking you about some demographics. Then it is divided into two

main sections: climate change and thermal insulation.

This survey will provide a valuable insight whether climate change awareness of Lebanese

homeowners affects their decision of thermally insulating their houses.

Please note that once this research is finalized, the results will be disseminated to you upon your

request.

Thank you very much for your help.
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Survey Questions:
Demographics

1. In which age group do you belong?
a. Below 30
b. Between 30 and 50
c. Above 50

2. What is your gender?
a. Male
b. Female

3. What is your educational level?
a. High School Diploma

b. University Diploma
c. Masters Diploma
d. PHD Diploma

e. No Diploma

4. What is your occupational level?
a. Employee
b. Employer/owner
c. Freelancer

5. In which region is your area of residence?
a. Coastal region of Lebanon
b. Interior region of Lebanon
c. High mountain region of Lebanon

Climate Change

6. Do you consider climate change a serious threat to the society?
a. Very serious
b. Somehow serious
c. Not serious ( no concern)

7. Have you noticed some particular changes in the environment (climate) in the past 10
years? (Several choices can be selected)
a. Rain
b. Increased temperature
c. Season shift
d. Floods
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8.

9.

10.

11.

12.

13.

e. Droughts
f. No change

Do you follow climate change related activities and policies?
a. Yes
b. No

Do you think enough is being done in fighting climate change by the following?
(yes/no/uncertain)

Corporations and industries

b. Citizens

c. Government/authorities
d. NGOs

e. International organizations

Q

Do you consider climate change when making decisions by: (yes/no/uncertain)
Reducing energy consumption

b. Waste recycling

c. Buying environmentally friendly products

d. Thermally insulating a building

Q

There are many reasons why people take actions aimed at fighting climate change. Which
of the following apply to you? (Several choices can be selected)

Desire to live in a healthy and clean environment

b. Your duty as a citizen

c. You are concerned about future generations

d. None of the above

Q

There are many reasons that stop people from taking actions aimed at fighting climate
change. Which of the following apply to you? (Several choices can be selected)

It is the duty of the government and companies

I don’t know how to fight climate change/ lack of information

Changing my behavior won’t affect climate change

It is too late to make a change

I am not concerned about climate change

None of the above

S o Qo 0 T w

Do you think you are well informed about the different issues and proposals related to
climate change?

a. Yes
b. Somewhat
c. No
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14.

Where do you find information about climate change?

a. TV

b. Scientific journals
c. Social media

d. Internet/webs/emails
e. Seminars

f.  None of the above

Thermal Insulation

15.

16.

17.

18.

19.

20.

Have you heard of thermal insulation in houses?
a. Yes
b. No

Do you want to buy a house that is thermally insulated?
a. Yes
b. No

Note: Answer this question ONLY if you live in the coastal region.

Do you want to buy a house that is thermally insulated, knowing that thermal insulation
will decrease the energy consumption by 23%?

a. Yes

b. No

Note: Answer this question ONLY if you live in the internal region.

Do you want to buy a house that is thermally insulated, knowing that thermal insulation
will decrease the energy consumption by 39%?

a. Yes

b. No

Note: Answer this question ONLY if you live in the high mountain region.

Do you want to buy a house that is thermally insulated, knowing that thermal insulation
will decrease the energy consumption by 52%?

a. Yes

b. No

Note: Answer this question ONLY if you live in the coastal region.

Do you want to buy a house that is thermally insulated, knowing that thermal insulation
will decrease the yearly energy consumption by 23 %, but your house will cost you
$13/m2 more?

a. Yes
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21.

22.

23.

24,

25.

b. No

Note: Answer this question ONLY if you live in the internal region.

Do you want to buy a house that is thermally insulated, knowing that thermal insulation
will decrease the yearly energy consumption by 39 %, but your house will cost you
$13/m2 more?

a. Yes

b. No

Note: Answer this question ONLY if you live in the high mountain region.

Do you want to buy a house that is thermally insulated, knowing that thermal insulation
will decrease the yearly energy consumption by 52 %, but your house will cost you
$13/m2 more?

a. Yes

b. No

Note: Answer this question ONLY if you live in the coastal region.

Do you want to buy a house that is thermally insulated, knowing that thermal insulation
will decrease the energy consumption by 23 %, but your house will cost you $13/m2
more, however; you will have a payback period of 4.3 years?

a. Yes

b. No

Note: Answer this question ONLY if you live in the internal region.

Do you want to buy a house that is thermally insulated, knowing that thermal insulation
will decrease the energy consumption by 39 %, but your house will cost you $13/m2
more, however; you will have a payback period of 2.4 years?

a. Yes

b. No

Note: Answer this question ONLY if you live in the high mountain region.

Do you want to buy a house that is thermally insulated, knowing that thermal insulation
will decrease the energy consumption by 52%, but your house will cost you $13/m2
more, however; you will have a payback period of 1.5 years?

a. Yes

b. No
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