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Abstract

In regions of the developing world, development and urban and economic growth have led to
a rapid increase in energy consumption and the associated greenhouse gas (GHG) emissions
causing serious impact on the environment. Like other regions of the developing world, rapid
expansion in the cities of Iragi Kurdistan (KRI) has occurred, predominantly driven by the large
influx of internally displaced people and refugees. The demand for residential units has
continuously increased giving rise to a construction boom in the region. However, the emphasis
so far has been rather on poorly constructed buildings, buildings that are equipped with active
climate control technologies to be inhabitable. From a fabric point of view, poor thermal
efficiency is a common feature that they are generally characterised by, no matter how new or
old the buildings are. The increased reliance upon such technologies across the built
environment has caused an increased rise in energy demand and has put an extreme strain on
the capacities of the energy sector in Iraqg, an oil-rich but powerless country. Residential
buildings alone are responsible for nearly 41% of KRI’s energy consumption and over 66% of

KRI’s total electricity consumption.

This research explores the challenges and opportunities of the fabric first approach within the
residential context of the KRI as a potential solution and investigates how important it could be
in freeing people from the increased reliance on energy to maintain a reasonable standard of
thermal comfort. The investigations go through a sequence of phases starting from the initial
exploration of the cultural context to the development and assessment of fabric first-based

upgrading propositions.

The study finds that with upgrading the efficiency of the entire building envelope following the
principles of fabric first, one can create a situation where the level of indoor thermal comfort is

necessarily improved with a significant reduction in cooling/heating demand and CO, emissions.
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Chapter 1

Introduction

1.1 Overview

In regions of the developing world, development and urban and economic growth have led to
a rapid increase in energy consumption and the associated greenhouse gas (GHG) emissions
causing a serious impact on the environment (lwaro and Mwasha, 2010). As the population
grows and urbanisation increases, more growth in energy demand is experienced. Compared
with 1989, the statistical review of world energy (BP, 2020) shows that primary consumption in
2019 has increased by 244 exajoules (EJ) recording the highest ever figure (i.e. 582 EJ) as of
today. If the growth continues at the same rate, it may exceed even 1,000 EJ by 2050. However,
data shows that developing countries lead this global energy consumption growth by being
responsible for nearly 58% of it. This gives cause for concern and raises questions regarding
challenges with energy production and supply, fossil fuel combustion and the related

environmental problems (e.g. climate change and air pollution), etc.

Like other regions of the developing world, rapid expansion in the cities of the Kurdistan Region
of Irag has occurred. This has been predominantly driven by a large influx of internally displaced
people and refugees due to instability and the lack of basic services, e.g. clean water and
electricity, in other parts of Iraq. This is besides the Syrian conflict and ISIS crisis which led tens
of thousands of Syrians to flee their homes and seek asylum and safety in northern Irag. The
migration of people from rural areas to cities for social and economic imperatives has also been
experienced over the last two decades (KRG Ministry of Planning, 2012). Compared to 2000,
according to estimates from the Ministry of Planning, KRI's population in 2015 has nearly
doubled, estimated to be nearly around 5.5 million with 1.8 million refugees (Kassamani, 2018).
Consequently, the demand for residential units has continuously increased leading to an
imbalance between demand and supply, one of the major challenges the region faces.
According to a Joint Report by the KRG Ministry of Planning and UNDP, in order to meet the
demand across all income levels, 30,390 housing units need to be built annually if a unit will be
occupied by each household. Moreover, renovating or replacing sub-standard and inadequate

residential units with new ones was estimated to be required for about 25% of the existing
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households (i.e. 283,000 units). This means that 28,300 units from the existing housing stock
have to be renovated or replaced annually over 10 years. In response, the Kurdistan Regional
Government in association with the Board of Investment (BOI) has launched a number of
housing programmes which have led to a construction boom in the region and opened the road

for local and foreign real estate developers to tackle the crisis.

However, Standards guaranteeing the quality and energy efficiency of the built environment
have not been imposed in the available building regulations in Kurdistan (KRG Ministry of
Planning, 2013) nor at the national level in Iraq (RCREEE, 2015). Design and construction
practices are not subjected to any obligatory requirements that concern sustainability and
energy efficiency. This is, in fact, a common issue in most of the nations of the developing world
in which the legislative environment shows a very modest interest in energy saving (lwaro and
Mwasha, 2010), an issue that accelerates energy consumption rates substantially upward. As a
consequence of the absence of such obligatory requirements in the country, poor energy and
thermal performance becomes a common feature that buildings are generally characterised by.
Thermal bridges, air infiltration, and lack of thermal insulation and effective shading are
amongst the common weaknesses associated with the building fabric making the building liable
to high thermal transmittance. They cause buildings to consume excessive amount of energy
and rely heavily upon HVAC systems, introduced to enable the control of the indoor
environment and provide thermal comfort to inhabitants at their finger tips. This is something
that has led buildings to be the main contributor to the region’s primary energy consumption
and the associated CO, emissions (IEA, 2012). According to government data, residential
buildings alone are responsible for nearly 41% of KRI’s energy consumption and over 66% of

KRI’s total electricity consumption (Kassamani, 2018).

As the cities grow and the number of buildings increases, hence, installing mechanical means
of heating and cooling widely takes place. The higher the air temperature in summer, the more
the increase in energy consumption is recorded for cooling. And the lower the air temperature
in winter, the more the increase in energy consumption is recorded for heating. This puts an
extreme strain on the capacities of the energy sector in Iraq, an oil-rich but powerless country.
Indeed, Iraq's insufficient power supply is considered as one of the key barriers to its social and
economic development, and power outage has been experienced over many years despite the
billions of dollars that have been wasted in that sector (IEA, 2012). Such a crisis has made people
living in absolute poverty to experience extreme hardship over cooling and heating seasons. To
overcome such a long-standing crisis and fill some of the electricity supply gap, the majority of
Iragi households supplement the public network with an alternative source of supply, either a
private household generator or a shared generator operating at neighbourhood level (IEA,
2012). Power cuts also take place in the Kurdistan region, even though the power supply is more
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reliable there than the rest of Iraq. Electricity supply from all sources was reported to be around
12-16 hours per day, and thus many existing dwellings experience both overheating and

overcooling throughout the year.

The level of indoor thermal discomfort and high rates of energy consumption will most likely
continue if the way that buildings are constructed and designed is not changed and if the poor
performance of the existing ones is not improved. With these issues, careful consideration to
alternatives becomes imperative, and urgent steps that minimize energy demand need to be
taken. There are opportunities to considerably reduce energy consumption in the Kurdistan
region. This could be through upgrading active climate control technologies, and/or renovating
the existing housing stock and constructing new homes in compliance with modern-day energy
efficiency approaches that are appropriate and can be adapted to the climate and socio-

technical context of the region.

Many developed countries, especially in Europe, have introduced energy-policy programmes
aiming to accomplish nearly zero-energy homes. In central Europe, for instance, the early 1990s
saw the introduction of one of the fast-growing standards which is the German Passivhaus
standard as an approach towards achieving ultra-energy efficient buildings (Cotterell and
Dadeby, 2012). It is a very advanced and ambitious version of the fabric first approach that
prioritises the performance of the building envelope over the use of mechanical means of
heating and cooling. It gives the components and materials that make up the envelope careful
consideration, maximises the level of insulation and airtightness across the building fabric, and
avoids thermal bridges to minimise the amount of energy required to maintain thermal
comfort. Its application has spread rapidly across European countries and beyond, largely to
new build construction, while such an implementation has been very limited in hot climate

regions, especially developing countries where such an issue is lagging behind.

1.2 Research Aims, Hypothesis, and Objectives

This research intends to investigate the application of a fabric first approach within the
residential context of Iraqgi Kurdistan (KRI) as a potential solution and explore how important it
could be in freeing people from the increased reliance on energy to maintain a reasonable
standard of thermal comfort. The study attempts to revisit the Passivhaus principles to develop
a realistic model to upgrade the existing building stock in a way that is appropriate and feasible
for that part of the world across the socio-economic spectrum. This is in the light of limited

economic resources, locally available skills, construction methods and materials.
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The underlying assumption in this research is that: “The rise in energy consumption associated
with the use of heating and cooling technologies can be addressed by shifting the focus towards

the efficiency of the fabric following fabric first principles.”

In order to fulfil the research aim, the key objectives are to:

1) Understand the principles of fabric first approach, the viability of applying the Passivhaus
standard in different climates, and the challenges of adapting it to other contexts.

2) Define the underlying factors that could determine the nature of fabric first approach in the
Kurdistan region in terms of the materials used, skills and technical solutions needed, and
regulatory interventions.

3) Get an in-depth insight into the energy and thermal performance, nature of the
architectural fabric, and role of technology and behavioural factors of a sample of dwellings
to form the basis for computer-based models and building fabric upgrading scenarios.

4) Understand the needs of socio-economically distinct households when applying fabric first
principles.

5) Develop a range of building upgrading propositions firmly guided by the principles of fabric
first and the understanding of the cultural context and the socio-economic considerations
that impact the people’s lives in the case studies.

6) Develop validated simulation models for a sample of selected dwellings to perform
parametric analysis.

7) Test the aforementioned propositions on the validated models and analyse their impact on
the indoor thermal environment, energy use (primarily heating and cooling load), and

reduction of CO, emissions.

1.3 The study area

This thesis is based on investigations conducted on the housing stock in the Kurdistan region,
an autonomous region covering around 40000 km? with a population estimated around 5.5
million. The vast majority are Kurds making up around 17% of Iraq’s population. It is a largely
mountainous region located in the northern part of Iraq (36.41° N, 44.38° E) bordering Turkey,
Syria, and Iran and comprising the country's four northernmost governorates: Sulaymaniyah,
Halabja, Erbil (the capital), and Duhok (see Fig. 1.1). Being part of one of the riskiest states
across the world and surrounded by states opposed to their aspirations, the Kurdistan Region
has been increasingly susceptible to political instability and uncertainty for generations.
However, despite that, it is considered the safest part of Iraq. And under the Iraqgi constitution

of 2005, the region’s government (the KRG) has the right to exercise judicial, executive, and
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legislative powers in accordance with the constitution, except in what is listed therein as

exclusive powers of the federal authorities (Abdallah et al., 2015).
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Figure 1.1 The map of northern Iraq (source: USAID/OFDA)

The region has a semi-arid climate, with hot dry summers and cold, wet winters. The mean daily
temperatures range from 32 °C to 36 °C and 4 °C to 11 °C during summertime and wintertime
respectively. This is with occasional daily minimum temperatures falling below 0 °C in winter
and occasional daily maximum temperatures exceeding 45 °C in summer. Therefore, buildings
are normally in need of both cooling and heating services where both are responsible for most
of the primary energy use. The former is highly dependent upon the use of electricity, while the

latter relies heavily upon the use of kerosene.

Most of the electricity is generated in the conventional way through burning fossil fuels. There
are mainly two sources of supply: the national grid and shared generators (or small stations)
operating at neighbourhood levels. The first is considered as the main source of supply and is
highly dependent on governmental support. However, owing to extreme pressure on its
capacities as a result of increased demand driven mainly by population growth,
mismanagement, transmission and distribution system bottlenecks, and some other major
barriers explained in (IEA, 2012), the produced electricity through the national grid is not
enough to meet the demand at peak. This is especially so during hot and cold periods.

Households often experience power failure throughout the day. In 2018, for instance, the
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average electricity supply through the national grid was limited to nearly 13 hours per day
(General Directorate of Duhok Electricity, 2018). This creates difficulties for the majority of

households to keep their homes at right temperatures during both cooling and heating seasons.

The second is privately owned by Independent Power Producers (IPP). At the cost of people’s
health, these private generators have been distributed all over the region to fill some of the
electricity supply gap that is experienced. With more than 6000 generators throughout the
region, they are considered amongst the main sources of noise and air pollution which has a
severe impact on human immune, neurological and respiratory systems. Despite that, they
supply electricity at considerably higher prices (i.e. approximately 1 USD per 4 kWh) creating a
major deterrent for many households across the region and limiting the operation of heating
and cooling technologies when necessary. In terms of kerosene, every year, each household
receives from the government through a subsidy programme 200 to 400 litres of kerosene as a
mean of heating at a minimal charge of 0.16 USD for a litre. In most cases, however, such an
amount does not meet their need, and thereby they have to buy extra from the market at

considerably higher prices.

1.4 Thesis structure

Besides this introductory chapter, as illustrated in Figure 1.2, this thesis includes 8 chapters

outlined as follow:

Chapter 2 focuses on the general theme and uses the review of existing research to understand
the principles of fabric first approach, the viability of applying the Passivhaus standard in
different climates, and the challenges of adapting it to other contexts. This is to provide the
background knowledge needed to construct the tools and framework of the research presented
in Chapter 3 and the technical insight needed for developing fabric first-based modelling

scenarios presented in Chapter 8.

Chapter 3 presents the research philosophy and methodological framework, including research
design and methods, employed in undertaking the required investigations to fulfil the aims and

objectives of this research.

Chapter 4 and 5 establish the contextual background of the mainstream construction culture in
the KRI and the possible problems that are faced there to understand the context and define
the underlying factors that would determine the nature of the fabric first approach in the region
in terms of the materials used, skills and technical solutions needed, etc. These two chapters
are mainly based on data collected through investigations using a questionnaire survey

followed up by in-depth interviews with key stakeholders engaged in the building industry.
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Chapter 6 and 7 present summertime and wintertime investigations carried out on a sample of
dwellings. This aimed to get an in-depth insight into their energy and thermal performance, the
nature of the architectural fabric, the role of technology and behavioural factors for the
development of computer-based models and building fabric upgrading scenarios that are
culturally embedded. These two chapters are mainly based upon data collected from four case

study dwellings.

Chapter 8 presents the modelling process of two of the selected case study dwellings in detail
and analyses the impact of upgrading their building fabric through a range of contextual
propositions firmly guided by the principles of fabric first and the understanding of the cultural
context and the socio-economic considerations that impacts the people’s lives in the case

studies.

Chapter 9 concludes the research and provides a summary of the main findings followed by a

set of recommendations, limitations of the study, and future research
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Figure 1.2 Thesis structure (author)

7|Page



Chapter 2

Towards the contextualisation of the fabric first approach

2.1 Overview

In response to the increased contribution from buildings to global final energy consumption and
the associated GHG emissions and the growing threat of climate change and global warming in
the past decades, buildings' energy efficiency has become high on the agenda of many countries
around the world, especially developed countries. This has led to the emergence of some
promising approaches and standards making a building's energy efficiency as their overriding
objective. This is to create greener, more sustainable and resource-efficient buildings and
thereby offset the increase in energy use and substantially reduce their impact on the
environment. Among the most widely adopted approaches is the "fabric-first" approach. Using
the review of existing research, this chapter introduces the principles of Passivhaus/fabric first
approach and explores the viability of applying the Passivhaus standard in different climates,
and the challenges of adapting it to other contexts. This is to provide the background knowledge
needed to construct the tools and framework of the research presented in Chapter 3 and the
technical insight needed for developing fabric first-based modelling scenarios presented in

Chapter 8.

2.2 Fabric first approach

The core concept of this construction line of creating environmentally optimised buildings lies
in prioritising the performance of the building envelope over the use of mechanical means of
heating and cooling. It gives the components and materials that make up the envelope careful
consideration, maximises the level of insulation and airtightness across the building fabric, and
avoids thermal bridges to minimise the amount of energy required to maintain thermal comfort
(see Fig. 2.1). One of the very advanced and ambitious versions of fabric first approach is the
Passivhaus standard developed by Wolfgang Feist in the early 1990s in Germany (Cotterell and
Dadeby, 2012). In reliance on such a set of principles, the standard aims to keep the primary
energy demand considerably low, i.e. <120 kWh/mZ2.yr, while providing comfortable thermal
conditions all year round (Feist et al., 2005). The interest in this standard grows as concerns

about climate change increase. Across European countries and beyond, in fact, building in
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accordance to Feist’s approach is on the rise. As of June 2021, there were over 65000 certified
PH buildings all around the world (Passivhaus Trust, 2021). The vast majority are located in
Scandinavia and German-speaking states experiencing lower temperatures most of the year,

countries that are highly advanced in terms of building technology (Fokaides et al., 2016).
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Figure 2.3 Passivhaus principles (Passive House Institute, 2015)

According to Schnieders and Hermelink (2006), the term ‘“Passivhaus’ refers to a construction
standard that can be met using a variety of technologies, designs and materials. It is basically a
refinement of the low energy house standard. Buildings built in accordance with this standard
assure a comfortable indoor climate in summer and in winter without needing a conventional
heat distribution system. Amongst the requirements, the U-value of opaque building
components (i.e. external walls, floor, and roof) and the one of windows should not be greater
than 0.15 and 0.8 W/mZ.K respectively. Also, it is essential that the building’s heating load does
not exceed 10 W/m?, an amount that is roughly equivalent to an annual space heat requirement
of 15 kWh/m2.yr (see Table 2.1). Such a target can be met by heating the supply air in the
ventilation system using MVHR, i.e. mechanical ventilation with heat recovery. The approach is
cost-efficient because, following the principle of simplicity, it relies on optimizing those
components of a building which are necessary in any case: the building envelope, the windows
and the ventilation system. Improving the efficiency of these components to the point at which
a separate heat distribution system is no longer needed yields savings which contribute to

financing the extra costs of improvement.
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Table 2.1 The criteria of Passivhaus (Passive House Institute, 2015)

Criteria The limit
Primary energy demand <120 kWh/m2.yr
Space heating demand < 15 kWh/mZ2.yr or 10 W/m?

Space cooling demand (In climates| <15 kWh/m2yr or 10 W/m? with an additional allowance for

where active cooling is needed) dehumidification
Airtightness < 0.6 air changes/hr @ n50
Thermal comfort Must be met for all living areas during winter as well as in summer,

with not more than 10% of the hours in a given year over 25 °C

The standard has been named ““Passivhaus’ because the ‘passive’ use of incidental heat gains—
delivered externally by solar irradiation through the windows and provided internally by the
heat emissions of appliances and occupants—essentially suffices to keep the building at
comfortable indoor temperatures throughout the heating period. It is a part of the Passive
House philosophy that efficient technologies are also used to minimize the other sources of
energy consumption in the building, e.g. electricity consumed by household appliances. The
target, as indicated earlier, is to keep the total primary energy requirement for space heating,
domestic hot water and household appliances somewhere below 120 kWh/mZ2.yr (Schnieders

and Hermelink, 2006).

2.3 The viability of applying the Passivhaus standard in different climates

As stated earlier, this 'fabric first' approach to construction and design has been adopted much
more in Scandinavia and German-speaking states experiencing lower temperatures most of the
year than other regions. As the attention to reducing the environmental impact has risen across
the globe, nevertheless, adapting the standard to different climate conditions has begun to be
investigated. This is something that brings up a fundamental question: can the same strategy
offer high levels of comfort for different climates? In this regard and in order to evaluate its
validity and feasibility under diverse climatic conditions, a number of projects were launched
across Europe, such as Passive-On and CEPHEUS (Khalfan and Sharples, 2016), which are
highlighted in a later section. Also across the literature, there are many pieces of research in
which the Passivhaus thermal and technical performance has been assessed under diverse

climatic zones, including Southern, Central and Northern European countries.

Relying on the most used building performance research methods, i.e. monitoring the indoor
environment and Post Occupancy Evaluation (POE), the indoor environment of Passivhaus
buildings was found to be highly comfortable by a number of studies (see e.g. Schnieders, 2003;

Feist et al., 2005; Schnieders and Hermelink, 2006; Mahdavi and Doppelbauer, 2010 and Tuohy
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et al., 2011). In respect to comfort and energy indices, the performance of more than 100
occupied PH buildings were comprehensively evaluated in Central Europe, mainly in
Switzerland, Austria and Germany. This was part of an EU-funded demonstration project called
CEPHEUS (Cost Efficient Passive Houses as European Standards). High levels of thermal comfort
and energy savings even under summer conditions, inhabitants' satisfaction and the
Passivhaus's functional viability at all studied areas are demonstrated by this project. Indoor
temperatures exceeding 25 °C, i.e. a fixed threshold that indoor operative temperatures of a PH
building should not exceed for more than 10% of the occupied hours per year, were rare. Even
though the measured space heat demand was above the calculated one by the Passive House
Planning Package (PHPP) in a number of buildings, it was still 80% less than the required one in
conventional new buildings (Schnieders, 2003). For this, Schnieders recommended the uptake
of this approach in other climate regions. However, such a recommendation could be slightly
misleading since it is based too heavily upon data from PH buildings in those cold climate

countries.

A comparative study was conducted in Vienna to evaluate the performance of two low-energy
flats in comparison with the performance of two Passivhaus flats which were built on the same
site and at the same time. Both typologies differed in terms of the ventilation system and
thermal insulation level. A user-operated system is used to naturally ventilate low-energy flats,
while controlled ventilation is in use in the other apartments. Reasonable thermal performance
in all apartments is demonstrated in the outcomes of this study. However, a slightly better
indoor environment with a 35% reduction in electrical consumption and a 65% reduction in
heating load were accomplished in PH flats (Mahdavi and Doppelbauer, 2010). Perhaps the

higher level of thermal insulation in PH apartments gave rise to such differences.

A similar procedure was undertaken in Linkdping, Sweden to carry out a research project, where
several newly built Passivhaus dwellings were compared to conventional ones in terms of
energy use and indoor environment relying on a post-occupancy survey, physical
measurements and simulation tools. Even though energy consumption in line with the
predictions and good thermal comfort in PH dwellings were demonstrated through the
empirical investigations, some complaints were revealed through POE. They were exclusively
indicating an exposure to high indoor temperatures during summer, something that was likely
attributed to the lack of external shading (Rohdin et al., 2014). This emphasises the role of solar

shading in avoiding overheating over the cooling season.

Another comparative study was conducted by Touhy et al. (2011) where three houses, i.e. a
1950s dwelling, a Low Energy House (without MVHR), and the first Scottish Passivhaus, were

monitored and assessed. Again, the findings indicate that a thermally comfortable indoor
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environment accompanied by low energy consumption are successfully provided in the

Passivhaus building over the heating season.

In another post-occupancy evaluation in Scotland, the environmental characteristics of 4
certified PH houses that depend upon MVHR system for heating and ventilation were
monitored for a 24-month period accompanied by occupant surveys and interviews (see Sharpe
and Morgan, 2014). The degree of occupant satisfaction with the performance appeared to be
generally high across all the houses with indoor temperatures being slightly higher than

expected thanks to occupant behaviour.

Nonetheless, it should be noted that all the mentioned studies so far in this section were
concerned with buildings located in countries experiencing cool to cold climates, places where
usually the need for cooling indoor spaces is insignificant over the summer period. In such
locations, in fact, the temperatures are very often below the minimum indoor temperature
threshold requiring buildings to have high levels of insulation to maximise heat retention.
Consequently, this scenario may change for Passivhaus buildings in other regions that
sometimes, or quite often, require cooling. And this has been asserted by other researches that

indicate the potential of summer overheating in Passivhaus buildings even in Central Europe.

For example, a comparative study was conducted in Austria to compare the performance of a
social PH housing complex with a similarly built low-energy one. Eighteen PH apartments as
well as six low-energy ones were under investigation. The indoor environmental data were
measured by employing data loggers, and the inhabitants' degree of satisfaction was assessed
via two surveys which used focus group discussions, interviews and written questionnaires. In
spite of showing a high degree of inhabitants' satisfaction in the PH apartments in the summer
of 2010, the average yearly hours with temperatures 225 °C amount to 20.6% (exceeding by far
the PHPP criterion) versus 6.8% in the LE housing. Note that the PHPP calculations predicted
only 3.5% of overheating hours. Such a performance gap, according to the research, is probably
attributed to the fact that external shading devices (with a reduction factor of 50%) were
planned but never implemented (Rojas et al., 2016). In realistic terms, however, considering 25
°C as overheating is very ambitious and more energy intensive when compared to other criteria,

e.g. CIBSE static or adaptive criteria, where higher temperatures are allowed.

In Slovenia, moreover, collecting and analysing measurements from a single-family Passivhaus
dwelling of a wooden frame construction were carried out by Mlakar and Strancar. Their
primary focus was placed upon investigating indoor overheating across the house over hot
summer periods, a phenomenon that frequently takes place in southern Europe but is not quite
usual in Germany. The authors indicated that an increase of a few K in indoor temperatures
takes place when in two consecutive weeks a Passivhaus building is exposed to hot weather.
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They concluded that keeping the indoor environment thermally comfortable during hot
summer days needs the following strategies: minimising internal heat gains, intercepting
sunlight from western and southern openings via strict shading, and allowing night-time

ventilation by opening windows (Mlakar and Strancar, 2011).

Apart from the above studies, in milder climate countries of Northern Europe, summer
performance and overheating potentials in buildings built to PH standard have been
investigated in numerous studies (see e.g. Larsen and Jensen, 2011; Brunsgaard et al., 2012;
McLeod et al., 2013; Ridley et al., 2013; Guerra et al., 2013; Ridley et al., 2014; Sameni et al.,
2015; Toledo et al., 2016 and Finegan et al., 2020). Some found higher indoor temperatures
than predicted and observed a sort of correlation between the overheating risk and the increase

of airtightness and insulation levels.

Based on in-situ measurements, a Danish passive house performance in terms of thermal
comfort, indoor air quality and energy use had been investigated over the period of three years
in a study carried out by Larsen and Jensen (2011). The collected measurements were analysed
in comparison with the indoor environment Danish Standards established in CR1752 (category
B) that specifies 23 to 26 degrees Celsius as an acceptable range for summertime DBT. Although
external shading devices were installed on 'southern and partly eastern and western windows,'
summer overheating was reported in the outcomes of this study. During the winter season, in
addition, the house experienced insufficient heating (Larsen and Jensen, 2011). However, what
is worthy to notice is that during the design phase in the PHPP model none of the mentioned
shortcomings was indicated. In this regard, the authors conclude: "The main focus during the
design process is left at saving energy not at assuring a comfortable indoor environment,"
(Larsen and Jensen, 2011, p. 1420). However, one could claim that weaknesses in installation
and operation of services, building envelope's construction and detailing or occupant behaviour

might have given rise to the gap between the actual performance and the predicted one.

A similar approach was used to carry out a study in London to appraise its first certified PH
dwelling, called Camden Passive House built in 2010 with a super insulated and airtight
prefabricated timber frame, in relation to energy and thermal performance. The detailed
measurements for the period of one year indicate that the building did not completely meet
the energy and thermal comfort targets. This is because the house used 4kWh/m? more than
the total primary energy target and failed to meet BS EN 15251, PHPP and CIBSE overheating
criteria even though overheating complaints were not reported by the occupants. In addition,
internal gains were found to be higher than the recommended ones by Passivhaus standard.
Despite such records, it is still considered as one of the ultra-low energy dwellings in England

(Ridley et al., 2013).
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Generally, the presence of 'performance gap' means that the measured building performance,
i.e. actual, mismatch the predicted performance at the design stage meaning that the building
is using less or more energy than expected [Bell et al. (2010) and De Wilde (2014)]. "Overheating
is also a performance gap issue if the building models used are not able to predict the
overheating risk once the building is occupied" (Mitchel, 2017, p. 2). It is not something that
occurs exclusively in buildings built in accordance with the PH standard; rather, it is a common
performance-related issue that other building types including low carbon ones experience (see
Bell et al., 2010; Gupta and Dantsiou, 2013 and Gupta and Kotopouleas, 2018). In the UK, for
instance, the fabric performance gap in new flats and houses designed to meet high thermal
standards, e.g. Code for Sustainable Homes (CSH) and Passivhaus, was assessed. This is through
using field tests measuring airtightness, thermal transmittance, and heat loss through building
envelope along with thermal imaging (Gupta and Kotopouleas, 2018). 188 units with diverse
construction systems (ranging from timber frames, traditional masonry to structural insulated
panels) distributed all over the UK were selected for the investigations where only 50 of them
were PH units. The cross-analysis found the gap to be common across the sample of residential
units with Passivhaus ones recording the smallest magnitude of underperformance, something

that indicates the robustness of the standard.

In PH buildings, in general, if the indoor temperature exceeded PHPP criterion, i.e. 25 °C, for
more than a tenth of total occupied hours or if annual space heat exceeded the limiting
standard, i.e. 15 kWh/m?, the gap would take place. Generally, different factors may contribute
to the performance discrepancy and they can be categorised into: those concerning the running
stage (i.e. occupant behaviour), those related to the construction phase (such as poor attention
to airtightness and insulation), and the factors that associated with the design stage such as
miscommunication among the design team, incorrect use of modelling techniques, or using
unrealistic input parameters (De Wilde, 2014). As the anticipated performance at the design
stage depends normally upon historic weather data files that use long-term averages of
temperature and solar radiation with no consideration to possible extreme future conditions,
one would expect to have a gap between the actual and anticipated performance to some
extent. Moreover, assumptions regarding occupant behaviour often lead to a mismatch
between input for any calculations/ simulations and actual values for internal gain and plug
loads. Technological developments can also cause a mismatch; for instance, IT-related loads are
often higher than anticipated. Furthermore, the actual operation of the building is typically
different from the idealized assumptions made in the design stage, both in terms of actual
control settings (such as thermostat settings, operation hours, BEMS settings) as well as the

broader scope of facility management (De Wilde, 2014).
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With this respect, a study presents the performance of a couple of Welsh detached Passivhaus
dwellings over the period of two years. Both were built next to each other, but they vary in
relation to occupant behaviour, area of installed PV and area of glazing. The energy
performance was found to be greatly influenced by 'occupants’ electricity consumption
behaviour and appliance choices.' Similarly to London's first certified Passivhaus (i.e. Camden
passive house), internal gains were observed to be higher in both houses than the
recommended ones by Passivhaus standard, and both dwellings failed to achieve BS EN 15251,
PHPP and CIBSE overheating criteria. And this is most likely due to the large glazed area used as
well as occupant behaviour. Interestingly, the risk of overheating in house 1 (i.e. the one having
the larger glazed area) was found to be even greater than the one in the UK dwelling stock, as
measured using BS EN 15251 (Ridley et al., 2014). Accordingly, it might be argued that having
excessive south-facing glazing in a Passivhaus for passive heating might accomplish the PH
target of heating under the climate of Wales even in extreme cold periods, but that may subject
the house to overheating during the hot season. The fact that summer performance is greatly
influenced by occupant behaviour is supported by a study conducted undertaken by Sameni et
al. (2015) who monitored 25 Passivhaus apartments in Coventry during three cooling seasons

and observed considerably higher indoor temperatures compared to benchmarks.

These uncertainties concerning summer overheating that surround this fabric first approach
have also led a group of researchers (Finegan et al., 2020) in Northern Ireland to carry out
investigations on a house built in Cork through PHPP simulations as well as a 12-month period
in-situ measurements (mainly temperatures). The focus was primarily placed upon the
frequency of overheating across the simulated results and the measured ones to identify the
variation between these two sets of data. While the simulated assessments showed no
indications of temperatures in excess of 25 °C, their real-world counterparts observed records
exceeding that fixed threshold, namely in the habitable rooms. However, there is no clear

evidence as to what caused such a failure in meeting the targeted performance.

Given the small sample sizes in most of these researches, however, one could consider their
outcomes with respect to overheating and performance gap to be inconclusive and therefore
drawing firm conclusions from their evidence seems to be difficult. In response to that, a wider
study using multi-year data evaluation was conducted by Mitchel (2017) testing the presence
of a performance gap in more than 100 occupied houses throughout the UK in which some of
them are certified by the Passivhaus Institute. Data with respect to indoor and outdoor
temperatures along with heating loads at hourly intervals were collected focusing on summer
overheating and winter heating demand. As the study is meant to be undertaken over a 24-
month period, the data of only 31 houses were available at the time of writing this piece of
research. And according to the available measurements, the percentage of occupied hours in
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which indoor temperatures exceed 25 °C remained below 10% in PH dwellings except for one

house where the overheating frequency slightly exceeded the standard and reached to 10.67%.

Based on GSA (i.e. Global Sensitivity Analysis) techniques and dynamic simulation modelling,
furthermore, some attention has been focused on determining the possible impact of the
expected future climate scenarios on the thermal performance of PH buildings in the UK. The
findings showed that if there is no move towards whole life design optimisation based on
minimising future overheating risks, indoor temperatures will remarkably exceed PHPP and
CIBSE benchmarks by 2050 and beyond. Thus, mechanical means of cooling may become a de-
facto requirement in urban Passivhaus and low energy dwellings in the UK within the next 30-
40 years. In particular, the risk of overheating (OT frequency above 25 °C) was shown to be
highly dependent upon the solar transmission reduction provided by a full external shading
device, as well as the glazing to wall ratio on the South facade. The findings also showed that
thermal mass played a clear role in reducing the overall duration of overheating in the

Passivhaus dwellings (McLeod et al., 2013).

Shedding light on a more extreme climate, the question of whether this fabric first approach to
design and construction would be effective in Southern Europe has been investigated. One of
the earliest studies that examined its feasibility and effectiveness is the Passive-On project.
Considering comfort requirements for warmer climates, a set of modifications to the current
Passivhaus criteria were proposed to ensure guaranteed results in relation to the indoor
environment and energy efficiency. These consist of the introduction of an explicit limit for
energy demand for summer cooling (15 kWh/m2.yr) and minimum requirements for summer
comfort where indoor summer temperatures are not to exceed the Adaptive Comfort
temperature defined in the EN 15251. And to avoid using an active ventilation system, a more

relaxed infiltration rate was introduced (Ford et al., 2007).

As part of the above project, a study was conducted in Marseille, where the maximum
temperature exceeds 33 °C, to establish the most suitable design guidelines for an affordable
passive house. The performance of a PH dwelling was assessed using dynamic simulation tools
based on a design that was applied before in Hannover. Four prototypes, which differed in
terms of insulation level, windows' U-value (double or triple glazing) and presence or absence
of heat recovery, were tested. The outcomes indicated that none of the four prototypes
achieved the PHPP overheating criteria although exterior blinds and night ventilation were
used. Nevertheless, when active cooling took place to provide thermal comfort, somewhat
lower energy was required in the house that had MVHR, higher insulation level and triple

glazing. Interestingly, the house that has the least insulated fabric, double-glazing and no heat
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recovery system required less annual energy for heating than the other cases (Schnieders,

2005).

In Cesena, Italy, summertime overheating was reportedly taking place in a certified PH multi-
storey apartment building called Fiorita Passivhaus. This is where Costanzob et al. (2018)
measured thermal parameters of the indoor environment of one of its top-floor flats through a
one year-monitoring campaign aiming to further deepen understanding and knowledge of how
well such buildings perform in the Mediterranean climate in terms of indoor thermal comfort.
Despite its success in ensuring high levels of comfort over the wintertime, the flat failed to
achieve that and meet the design goals during the summertime. Temperatures in excess of 25
°C were found to account for 48% of the occupied hours even though the building is fitted with
movable perforated sunshade panels. The authors explained this to be likely driven by MVHR
not being able to deliver sufficient fresh air, something that led occupants to open windows
from time to time. This is besides the fact that the examined flat is located at the top floor

where its roof (despite being super insulated) is fully exposed to sun rays.

Based on simulation tools mainly PHPP, furthermore, a comparative study was carried out in
Bragadiru, near Bucharest, to appraise the thermal and energy performance of the first
Romanian passive office building compared to those of a standard building. For a standard
building, the overheating rate and the cooling demand were found to be lower than a PH
building, whereas the heating demand was found to be larger. In the Passivhaus office building,
a percentage of 31% was estimated to be the overheating rate; however, this rate was
decreased significantly through opening the windows at night. The outcomes also underlined
that both the cooling load and overheating rate are largely influenced by the maximum
acceptable indoor temperature and sources of internal heat. The authors believe that for the
Romanian context the use of an active cooling system in Passivhaus buildings is important
(Badescu et al., 2010). Nevertheless, the problem with such a belief is that it is based upon the
performance of an office building where internal heat gains are generally quite high. And most
likely, discovering a higher overheating rate and lower heating demand in the PH building is
related to high levels of insulation which avoids heat flux from indoor to outdoor. Consequently,
the internal loads will be gathered inside arising indoor temperatures above the comfort
conditions; hence, reducing internal gains as well as increasing the ventilation rate may lead to

better comfort levels.

The belief that energy demand for cooling in a PH building is largely influenced by comfort
parameter settings is strongly supported by a recent study, which sought to explore that in
fifteen Southern European Cities, carried out by Guillén-Lambea et al. (2017). The study shows

that around 30% saving in cooling energy is attained by changing the temperature set point
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from 26 °C to 27 °C. However, one could argue that this strategy may not be applicable in all
building types, e.g. office buildings, and not everywhere as it may cause thermal discomfort in

some places, especially cold climates where lower setpoint temperatures are recommended.

Similarly, the overheating rate was found by Fokaides et al. (2016) to be significant also in the
first dwelling constructed according to the Passivhaus approach in Cyprus, the warmest country
in Europe where the typical summer season lasts approximately eight months. They employed
in-situ measurements and simulation tools to investigate the summer performance of the
house with respect to indoor conditions and energy consumption. As a result, initial overheating
problems were observed over the cooling season. Interestingly, in some periods the average
indoor temperatures were found to be higher than the outdoor ones. The verification of the
cooling loads calculated by PHPP reveals that the internal heat loads, as well as solar heat gains,
account for more than 50% of the total cooling demand. However, an average reduction of 1.4
°C of the indoor air temperature was achieved by applying an optimized strategy for night
ventilation. Also, the increase of the cooling capacity of the HVAC was found to significantly

improve the thermal performance of the zone.

With no doubt, providing a PH building with an appropriate cooling strategy under such climate
conditions would help to avoid the potential of overheating. In this respect, a study was
conducted in Portugal to examine how a Passivhaus would perform under Portugues climate
conditions and assess the energy saving potential (Figueiredo et al., 2016). Using dynamic
building simulation, a real detached house built in compliance with the national thermal code
with the commonly used construction materials and fabric solutions there was upgraded to
meet the Passivhaus requirements. A range of building envelope upgrading scenarios and
passive design strategies were tested to pick the most viable one. The study found that the
annual heating and cooling energy use can be reduced by 42% and 64% respectively when
compared to the base case, something that emphasises the viability of the PH approach there
and reinforces the need of extending it to warmer climates. The authors also concluded that
most likely there would be no need for mechanical cooling to maintain the overheating
frequency below 10% if passive cooling strategies were in place and, in particular, if window

openings were sufficiently shaded during the summer days.

Apart from the European regions, some researchers question the effectiveness of this approach
under warm climatic zones overseas which has not been very often studied across the literature
[see e.g. Tubelo et al. (2014); Badescu et al. (2015); Schneider et al. (2015); Khalfan and Sharples
(2016); Matsumoto et al. (2017)]. The Smith House in Urbana, lllinois is the first passive house
building certified in the USA. In a field investigation, it turns out that the house was having

overheating issues during the first summer. The problem was likely driven by unshaded glazed
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surfaces, something that the founder of Passivhaus Dr Feist himself in a visit expressed concerns

over as reported by (Wotzak, 2009).

Badescu et al. (2015) assessed the feasibility of Passive Houses in Southern Hemisphere
countries located at reversed latitudes and with similar climatic conditions of typical EU
countries. This was through adapting the construction details of a prototype passive building
built in Romania. Again, the authors found out that the thickness of thermal insulation may be
decreased in warm climates like in South America and New Zealand, thus allowing for capital
cost savings and construction simplifications. It was also found that the cooling demand is

generally smaller in Southern Hemisphere than in Northern Hemisphere.

On the other hand, Schnieders et al. (2015) simulated the performance of a reference two floor
detached house built in Hannover in very different climates, from the very cold city of
Yekaterinburg in Russia to the hot-humid city of Abu Dhabi in the Emirates using dynamic
building simulations. The study aimed at providing a consistent theoretical basis for the transfer
of the Passive House concept to residential buildings in climates that differ fundamentally from
central Europe. This work is worthy of attention because it highlights that construction freedom
(e.g. selection of materials) is not limited by the Passivhaus requirements presented in section
2.2. The study shows that in Abu Dhabi, where peak summer temperatures reach up to 45 °C or
even higher, it is not possible to keep the sensible energy demand for space cooling below 15
kWh/m?2.yr, i.e. the allowed limit by the Passivhaus standard. Despite using 26 °C as a cooling
setback, the space annual cooling demand exceeded 38 kWh/m?2.yr. However, the researchers
indicated that less amount could be achieved if the size of window openings is to be reduced to
the allowable minimum size. The study also demonstrated that under such climate conditions
there is most likely no need for heating supply at all, something that saves the up to 15
kWh/m?2.yr that is usually consumed in buildings certified by the Passivhaus Institute for heating
supply. The same conclusion with respect to the heating supply was reached when the model
was tested under the tropical climate conditions of Singapore. Based on their simulated results,
the researchers conclude that in general when a traditionally insulated base house is turned
into a Passivhaus-based one of the same geometry a reduction of 75%-95% in the space
conditioning's annual energy use can be achieved regardless of which climate region the model

is situated in.

The difficulty of achieving an annual space cooling demand below 15 kWh/m? has been evident
in another study conducted not far away from Abu Dhabi. In Dubai, Abu-Hijleh and Jaheen
(2019) adopted a similar approach to investigate energy-saving potential when applying fabric
first principles on a typical villa constructed according to the Dubai building code. Using the

IESVE simulation tool, the authors found that a reduction of 47% of annual cooling energy use
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can be reached if the villa is upgraded in compliance with the PH standard, something that
would result in lowering the annual energy bill by 42% to 48%. Despite that, the predicted space
cooling demand did not meet the Passivhaus standard and exceeded 56 kWh/m?. Also with such
a cost-saving potential, interestingly, the authors based upon a cost-benefit analysis expected
the payback period to be between 119 to 132 years depending on the local market prices. This
is something that would likely push many people towards considering it as a poor investment
and thereby not adopting the standard. However, no robust evidence was found in favour of

such a payback-related claim.

Moving to a more practical approach in conducting building performance research where in-
situ measurements were also involved alongside computer simulations, the potential of
Passivhaus/fabric first approach under the current and future climate scenarios of Qatar was
investigated by a group of researchers at the University of Liverpool (Khalfan and Sharples,
2016). The investigations were carried out on the first ever PH house in Qatar built in 2013 as
an experimental residential project with a 200 m? floor area aimed to probe the degree to which
this building approach would be viable in such a hot climate region. Given the extreme weather
conditions, the house was fitted with an air-conditioning system to keep the indoor
temperatures below 25 °C, a fixed threshold that indoor operative temperatures of a Passivhaus
building should not exceed for more than 10% of the occupied hours per year. The outcomes
suggested that building according to the standard would result in lower energy cooling costs
while maintaining comfortable indoor temperatures. However, no specific figures were given

in terms of how much saving is achieved.

There are also studies that have criticized the implementation of the Passivhaus standard in
warmer climates such as in Brazil. Pacheco and Lamberts (2013) take a critical view with relation
to the adoption of insulated and airtight fabrics, especially those linked with the Passivhaus
standard. The authors argued that the insulated and airtight approach is not necessarily a

suitable design strategy for hot climates found in the majority of the Brazilian regions.

2.4 Challenges of adapting the fabric first approach to the context of developing countries

Apart from the climatic viability of the Passivhaus/fabric first approach in different geographical
areas and under different climatic conditions, understanding the associated technical and
economic challenges in adopting such an approach is of paramount importance. As noted
earlier in this chapter, this standard has been adopted much more in Scandinavia and German-
speaking states, countries that are highly advanced in terms of building technology. And its

implementation has been very limited in developing countries.
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It is not clearly discussed that the same strategies taken by those developed countries may not
be practical and applicable within the local construction practices in other countries, especially
those of the developing world where different socio-economic and socio-technical contexts are
in place. They differ in terms of the level of economic development, available information and
expertise, legal frameworks, available construction materials, climate and culture. In addressing
the question: "what can be a Passive House in your region with your climate?" the founder of
Passivhaus Dr Feist emphasises that successful implementation cannot be accomplished by
copying details from 'Central European example'; rather, they have to be developed in a way

that suit geographic and climatic conditions as well as local construction practices (Feist, 2005).

Whereas some countries have decided to implement the standard as given, other countries
have imported the name and the basic principles but revised the calculation method, i.e. they
imported the concept but not the standard. Norway, for instance, has adopted the Passive
House concept but has developed a specific Norwegian standard (i.e. NS 3700 for residential
and NS 3701 for non-residential buildings). This resulted from three years of controversial
discussions of the requirements for energy supply, single-family homes (which are common in
Norway), and to what extent climate change mitigation should be included (Miller and Berker,

2013).

The question here: how can such a quite sophisticated approach of design and building, an
approach that requires extremely high-performance components, be adapted to the context of
developing countries in the light of limited economic resources, locally available skills,
construction methods and materials? This could be very challenging despite being used and

demonstrated in the developed countries.

In general, accepting an innovation or technology and its evolution and growth from emergence
to application in a specific environment is not just based on its quality but also on the economic
and social factors. And it cannot prosper unless it continues to be supported by this
environment or is able to successfully adapt to changes in that environment (Guy and Shove,
2000; Rogers, 2003 and Mondal et al., 2010). In this regard, alongside the environmental
performance, it is profoundly believed that social and economic issues must be at the top of
the agendas of nations of the developing world when considering sustainable buildings
(Gibberd, 2005; Libovich, 2005 and Ali and Al Nsairat, 2009). And this must be the case when
considering the uptake of the fabric first approach in the developing world because ensuring
that the local priorities and needs are met in their adoption will result in making the probability

of successful application much greater.

A successful application of an unfamiliar or new construction method will probably experience
problems regarding acceptability and affordability, especially at the beginning when
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introducing the system. Based on the literature (see e.g. Du Plessis, 2002; Du Plessis, 2007;
Bhattacharya and Cropper, 2010; Liu et al., 2010; Kennedy and Basu, 2013; Mlecnik, 2013; Pitts,
2017), a number of difficulties that may impede the strong uptake of low carbon technologies
are observed. Liu et al. (2010) identified a number of main barriers hindering the adoption of
highly energy-efficient buildings. First of all, poor knowledge and considerable lack of
awareness amongst societies of the developing world regarding the importance of low-energy
buildings may be considered as a major obstacle impeding their adoption. And by only

transferring technology it is not possible to reach the goal (Brown and Vergragt, 2008).

According to Dudley, E. (1993), background knowledge is needed for a community in order for
an unfamiliar technology to be transferred and be used successfully, and he believes that any
transfer of technology is more often to be unsuccessful without imparting this background.
Hence, increasing public awareness and motivation towards energy efficiency and providing
accurate and sufficient information are needed. As stated by Du Plessis (2002), this can be done
through programmes aiming to educate and raise the awareness of the public, developers,
politicians and government officials. Showing the opportunities of having high levels of comfort
and energy savings may be influential in convincing and motivating those people to apply
energy-efficient standards (Mlecnik, 2013) as they have not been implemented under local
conditions causing a lack of trust. In this regard a number of stakeholders such as
educational/research institutions, non-governmental organisations, community groups and

media can help prepare the ground and ensure the best possible results (UNEP, 2003).

The second challenge to take up low-energy buildings lies in their overall complexity that needs
to introduce new design skills and approaches, skilled personnel, new or improved
materials/components and construction techniques, as well as additional supervision and
inspections, to the mainstream construction industry in many developing countries. The
profound impact of this factor on the rate of adopting innovation is emphasised by Rogers
(2003) as he believes that the rate will be lower when innovation is more complex.
Nevertheless, to construct a building according to PH standard, fully integrated design
approach, appropriate skills regarding design and construction, components like high efficient
MVHR, windows with high performance, airtightness solutions, low U-value insulation, other
relevant materials besides software like the Passive House Planning Package (PHPP) are
required (McLeod and Hopfe, 2015). This may negatively influence a certain class of labourers.
This is because the technological change that uses high-level skills more intensively may hurt
less-skilled workers by increasing the demand for skilled workers and simplifying tasks or
allowing the outsourcing of tasks that previously were accomplished by relatively well-paid
semiskilled workers (The World Bank, 2008), thereby disrupting the existing construction
practices and displacing a certain class of workers.
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To make a significant impact, however, innovation does not have to depend upon highly
sophisticated technology or be extremely complicated (The World Bank, 2008). In this regard,
Cotterell and Dadeby (2012, P. 31) pointed out that:

Achieving Passivhaus is not about lots of 'advanced' technology; rather, it is about
changing the way we build. This means integrating design for low energy into the plans
from day one, designing with an awareness of the impact of form factor, eliminating
thermal bridges and radically reducing air leakage compared with standard builds,
incorporating additional insulation and making use of solar gain. Once the project goes
onsite, the build team needs to work in a more tight-knit, cooperative and mutually
trusting way than is currently common in building projects, in order to avoid abortive work

and unnecessary costs.

In this regard, addressing questions of education and skills is necessary. There is no doubt that
there are significant differences between those developed countries and countries of the
developing world in respect to their mainstream construction industry (Du Plessis, 2002). For
each trade in construction, for example, Germany has schools for training which are mandatory
for constructors, and wide knowledge dissemination about top construction practices and
delivery of suitable training through a powerful framework are provided by this kind of
educational net (Cotterell and Dadeby, 2012). And despite being essential, such investments
are not made in most building industries in the developing world. Hence, it could be argued that
in Germany, the relatively higher skilled and better-integrated construction environment has
significantly contributed to the development and widespread adoption of the fabric first

approach.

Another major obstacle, which is often under debate, with respect to the adoption of energy-
efficient buildings is their perceived costs related to their specific techniques and components,
e.g. airtightness solutions and efficient windows. The issue of whether or not a technology is
appropriate to be broadly implemented is frequently addressed from an economic point of view
whether it is feasible or not. The initial costs of energy-efficient buildings are typically higher
than conventional ones (Winkler et al., 2002). In the case of Passivhaus, it could be claimed that
it is economically unfeasible. A study shows that a house built to PH standard costs 5-15% more
than a conventional house with the same layout and size (Galvin, 2014). However, taking into
account the enduring benefits (e.g. energy savings for cooling or heating) that are provided, one
should see the additional costs to 'get the fabric right' as a long-term investment. The less
cooling demand (or, heating in the cold climates), the more energy is saved, and the less money,
including costs of maintenance and replacement, is spent during the lifespan of a building

(Cotterell and Dadeby, 2012). Whilst occupants of conventional dwellings are concerned about
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energy costs, people in PH ones are not (Schnieders and Hermelink, 2006). Hence, the cost
benefits could be even higher than that of a conventional building. This may encourage people

for a strong uptake of this approach.

Nevertheless, one thing that has to be taken into consideration is that the majority of the
population in developing countries have a very limited investment capacity and that
technologies and materials that represent increased costs will not easily be adopted (Du Plessis,
2002). The main issue is that they have a shortage of money leading them to spend the
minimum capital outlay and live in energy inefficient buildings as they cannot afford low-energy
ones. In a region like Iragi Kurdistan where the majority of the poor live in buildings that do not
have heating/cooling, for instance, the economic argument of fabric first approach (i.e. cost
benefits) may not help as an incentive. Therefore, the question remains as whether the
application of the Passivhaus/fabric first principles would be a good investment in Iraqi
Kurdistan. If yes, regardless to all the benefits that can be gained from, would it be affordable

for low-income households as well?

Generally, itis agreed that by decreasing the price of new technology or product, e.g. the capital
cost of the passive house, the rate of adoption is increased (Rogers, 2003 and Bhattacharya and
Cropper, 2010). In this regard, Feist (2005, p. 5) strongly states that "it is not necessary that the
solution shift from conventional energy demands to solutions that might be very expensive, like
the Zero Energy House. It is sufficient to minimize energy use with simple systems from
conventional sources." Despite the cheap labour in the developing countries, the major part of
a building's capital cost is spent on used construction materials which most of them are
imported from more advanced countries; thus, a notable decrease in the building's value will
be achieved if locally-made materials (e.g. from the earth it sits on) were used (Ramage et al.,
2010). This is besides the employ of local contractors and professionals as well as providing local
maintenance will play a great role, and they will also positively influence the local economy as
described by Gibberd (2005). Consequently, by using technology that is inexpensive, based on
local inputs and simple to learn, a more compatible and therefore lasting solution was sought

that could create value and lower costs over time (Nader, 2010).

2.5 Summary

This chapter focuses on the general theme of this PhD research and introduces the principles
of the fabric first approach. Section 2.3 presents an extensive review of the research conducted
on the performance of Passivhaus buildings under diverse climatic conditions, while section 2.4
sheds light on the underlying issues that pose challenges to developing countries in
mainstreaming the standard. Despite the uncertainties concerning summer overheating risks

and the performance gap-related issue, the vast majority agree that the need for cooling and
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heating is dramatically reduced when building in compliance with the standard. To date,
however, studies investigating its feasibility and effectiveness under hot climatic conditions
have been very limited, something that reinforces the necessity of studying the robustness of
the Passivhaus/fabric first approach under such harsh conditions. Its application in the context
of developing countries, however, will likely face socio-economic and technical difficulties
affecting the level of investment in applying this standard, something that needs to be

addressed when introducing the standard in such contexts.
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Chapter 3

Methodological framework

3.1 Overview

As indicated in the introductory chapter, this research intends to investigate the application of
fabric first approach within the residential context of Iragi Kurdistan (KRI) as a potential solution
to free people from the increased reliance on energy to maintain a reasonable standard of
thermal comfort. This chapter presents the research philosophy and methodological
framework, including research design and methods, employed in undertaking the required
investigations to fulfil the research aims and objectives. The chapter starts with outlining the
relevant research philosophies and how they fit with the nature of this thesis and then moves

on to the detailed framework.

3.2 Research philosophy and paradigm

Before considering what methods and strategies to employ in this research, it is important to
understand the nature of the research and identify the relevant paradigms that can guide the
researcher in his journey. And this is a significant stage in planning and undertaking a research
in general, and it is defined, "as the basic belief system or worldview that guides the
investigator" (Guba and Lincoln, 1994, p. 105). It is premised on a group of practices, values,
concepts and certain assumptions (Johnson and Christensen, 2008). These assumptions guide
the researcher in determining appropriate research approaches, strategies, methods and
techniques (Saunders et al.,, 2011). Different research philosophies have been identified
through the literature, but the debate has been often pertinent to the adoption of either

positivism or interpretivism (Saunders et al., 2011).

Positivism is built on the basis that the truth can only be learnt through the 'scientific method'
relying on observations that considered quantifiable, e.g. measurements, (Collins, 2010)
requiring to be analysed in a statistical manner. In researches associated with the positivist
paradigm, a deductive approach is generally adopted to derive a hypothesis from a scientific

theory, and then it is empirically tested and confirmed (Bhattacherjee, 2012). In this paradigm,
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conducting highly objective research is possible because the researcher is independent of
his/her research as he/she depends completely on facts, and this leads to avoiding bias in the
research outcomes (Guba and Lincoln, 1994 and Charmaz, 2006). Although generalizing the
generated data and repeating studies by others can be easily undertaken for researches
associated with this paradigm because of their broad dependence on quantitative approaches,
thorough insights and knowledge which could be gained qualitatively might be lost. Therefore,
this research could not completely follow the positivist paradigm since understanding the
cultural context was central to address some of the research questions and identify the cultural

boundaries that determine the nature of the fabric first approach in Iragi Kurdistan.

According to Interpretivism paradigm, conversely, the context in which the social phenomena
take place needs to be understood in order to demonstrate the truth (Collins, 2010) drawn upon
subjective explanations that people assign to the phenomena (i.e. subjective perspectives of
individuals involved). Each individual's viewpoint, action, attitude and expectation of the same
experience, individuals' own backgrounds, the context within which they work and live, the
differences between them and the interaction among them are often addressed by
interpretivist researchers (Creswell, 2009). In research associated with interpretivist paradigm,
unlike positivist research, theories are derived from the observed data through relying heavily
upon qualitative methods and an inductive approach to theory (Bhattacherjee, 2012). Their
data are known as detailed descriptions of case histories, records, correspondence, entire
passages or excerpts from documents, thoughts, beliefs, attitudes, people's experience and
their direct quotations, observed behaviours, interactions, events and situations (Patton, 1990).
Research outcomes are prone to be biased since the investigator is significantly involved in the
process of data collection and interpretative aspects of the study (Snape and Spencer, 2013).
Despite the in-depth insights that can be gained using meaning oriented methodologies, e.g. in-
depth interviews, due to the impact of personal values and perspectives generalizing the
generated data cannot be done. Again, the research could not be completely associated with
interpretivism paradigm because some of the research questions required a purely theoretical

model (i.e. positivistic) to be tested under the climate conditions of Iragi Kurdistan.

For addressing different types of research questions, nevertheless, it is believed that combining
different methods and methodologies as suitable for the work would be better than falling
within one single paradigm. This can be seen in a philosophy called pragmatism believing that
the research question is the central determinant of the adopted research paradigm.
Pragmatism argues that working within both interpretivism and positivism stances is perfectly
possible within the same study (Saunders et al., 2011), so both qualitative and quantitative
methods might be combined. Especially in evaluative studies, the necessity of using both

methods is evident. And in the absence of this combination of methodologies, conducting a
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thorough evaluation is arguably not possible (Ritchie, 2013). In short, pragmatism investigators
are free to use the research procedures, techniques and methods that fit the nature of their
research questions (Creswell, 2009). And since the research aims required working within both
interpretivism and positivism paradigms, the researcher has followed pragmatism philosophy.
This is to develop a framework that could be involved in generating a culturally and climatically
adaptive fabric first approach to design and building within the residential context of Iraqi

Kurdistan.

3.3 Methodological framework

The research, as indicated earlier, intends to develop a framework for applying the fabric first
approach to design and construction within the residential context of the KRI. Part of the
research, i.e. research A, is related to interpretivism approach. This part is focusing on its
achievability from a socio-economic point of view that requires a thorough understanding of
the cultural context aiming to generate culturally contextualised design and technical
interventions. Concurrently, another part identified as research B is purely theoretical, i.e.
culturally a-contextual, and is related to positivism approach. This part is focusing on the impact
of applying fabric first approach to design and construction from a climactic point of view aiming
to gain technical insights and see what level of thermal comfort and reduction in energy use

and CO; emissions could be achieved in the climate of the KRI.

For that, as indicated earlier, pragmatism approach was adopted in this research to achieve the
objectives and test their viability from both perspectives. With such an approach, the
researcher was able to explore opportunities and challenges related to the adaptation of the
fabric first approach to the hot semi-arid climate of Iragi Kurdistan in the light of limited

economic resources, locally available skills, construction methods and materials.

Theoretical
design

Cultural context
investigations

Figure 3.4 The general framework (author)
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3.3.1 Research A

In order to situate the theoretical model into the context, investigations (mainly social science
ones) were carried out to build a holistic understanding of the cultural dimensions (i.e. social
and economic) to define what technical parameters might contribute to the development of an
adaptive fabric first approach, i.e. contextual model. It is a self-contained study which sits within
the context of an inductive approach where the researcher intends to build a hypothesis based
on interpreting and analysing the collected data rather than presuming an existing hypothesis
to be tested. Its strength lies in its ability in exploring a broad set of political, cultural, social,
technical and economic factors concerning the construction sector in Iragi Kurdistan which

were not initially known to the researcher.

The study also sought to identify the areas that can be progressed to increase the potentiality
of successful adoption, discover critical influences of such adoption on the current construction
labour and investigate how the key stakeholders can be engaged in this process. This is

alongside offering a rich context of the performance within the built environment.

At first, a thorough review on a variety of issues associated with technology diffusion has been
undertaken in Chapter 2 aiming to identify from the existing research the main drivers and
barriers of adapting low-energy technologies to the socio-economic context of countries of the
developing world. At this stage, the researcher aimed to review relevant experiences and
theories that might help to develop the research questions and instruments, e.g. the

questionnaire and interview guide, as well as tackling possible knowledge gaps.

Following that, an exploratory sequential mixed methods design was employed to detect
opportunities and challenges related to applying energy-efficient construction practices within
the housing sector in the KR, as perceived by the stakeholders, at three different levels, i.e. the
building level, the target population and the context surrounding them. This method is
necessary when a phenomenon or a concept is not clearly defined meaning that little has been

written about it which needs a rigorous understanding to be built (Creswell, 2009).

To achieve the purpose of this study presented earlier, the researcher employed the following
research tools: (a) questionnaire, (b) in-depth interviews, and (c) case study method (bottom-

up approach).

In the first phase, initial insights with respect to questions of energy efficiency measures within
the built environment were gathered through a questionnaire survey directed at key
stakeholders, i.e. contractors, architects and civil engineers, at the three major cities of Iraqi
Kurdistan: Duhok, Erbil and Sulaymaniyah. Then qualitative interviews were carried out as a

follow-up to the initial exploration of the questionnaire results. This aimed to explore some of
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the themes that emerged from the survey in more depth with a smaller group of stakeholders
and provide a rich qualitative context of the mainstream construction culture in the KRl and the
overriding factors that generally shape its nature. In parallel, the case study method (bottom-
up approach) was employed to address questions of thermal comfort and environmental
control within the residential context. This was set out with the aim of providing an empirical
understanding of performance within the existing building stock of the KRI. Following these
three phases of data collection, data were analysed to generate inputs for the theoretical design
in order to change the purely hypothetical and a-contextual modelling scenarios to culturally

adapted ones. These three research tools are presented in more detail in the next sub-sections.
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Figure 3.5 Research-A Design

3.3.1.1 Questionnaire

To gather initial data from a variety of construction professionals from different cities of
Kurdistan, a questionnaire survey of 4 pages long (see Appendix A) was dedicated consisting of
a group of knowledge, opinion and factual questions surrounding the research focus. "A
guestionnaire is a research instrument consisting of a set of questions (items) intended to
capture responses from respondents in a standardized manner. Questions should be designed
such that respondents are able to read, understand, and respond to them in a meaningful way"
(Bhattacherjee, 2012, p. 74). It was designed using close-ended, open-ended, rating and
multiple-choice questions where directions and instructions were available to avoid uncertainty
in answering the questions. And to gathering qualitative responses that might supply
unexpected insights, text boxes were included at the end of some of the questions. The main
purpose was exploring the following key insights about the adoption of low-energy buildings,
as perceived by the target group: the current status of existing construction practices, the

degree of awareness and demand among the stakeholders as well as barriers, drivers and key
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actions for such an adoption. There were also demographic questions at the beginning to

identify the education level and discipline of the respondents and their years of experience.

The research sought responses from practitioners engaged in the building industry. Due to the
inability in identifying and contacting the entire target population, the researcher adopted a
snowball sampling technique (see Bryman, 2016) where groups of initially identified
participants via Kurdistan Engineers Union (KEU) and colleges of engineering were contacted
and then requested for establishing contacts with other people from amongst their
acquaintances that met the inclusion criteria. However, "The problem with snowball sampling
is that it is very unlikely that the sample will be representative of the population" as pointed

out by Bryman (2016, p. 203).

Prior to distributing the questionnaire, three experienced researchers at Kent School of
Architecture and Planning were requested to rigorously review it in terms of the number of
questions, their format, clarity, accuracy and sequencing, easiness of answering, its overall
layout and the time frame needed for completion. This stage, generally, plays a significant role
in identifying and eliminating the potential problems giving rise to a decrease in the rate of
response (Presser et al., 2004). Following receiving their valuable feedback, the questionnaire
was optimised to be further tested and refined through a pilot study. Three local architects
having several years of experience in the industry and who were expected to be strong
representatives of the target group were involved in filling in the pilot questionnaires, and their
comments were used for further improvement to the survey instrument. Then the
guestionnaire was finalised and a cover letter including an invitation statement, an overview
about the research and definitions of some technical words, e.g. computer-based modelling
and simulation tools, was attached. Following that, it was submitted to Research Ethics Advisory

Group at University of Kent to obtain ethical approval before the distribution.

To ensure a large number of practitioners getting involved, in addition, an additional Arabic
version of the questionnaire was prepared and provided to avoid sampling bias (see Appendix
A). This is because those who do not know English would not be able to respond to the English
version. Getting a precise translation was sought via using dictionaries, i.e. English-Arabic and
Arabic-Arabic, as well as consulting a specialist at University Duhok. However, slight differences
might be expected across both questionnaire versions because both languages are completely
different in terms of functions, structure, and vocabulary. For example, more or less might be

covered by an Arabic term than its corresponding English ones.

To carry out the questionnaire survey, according to (Bhattacherjee, 2012, p. 74), it could be self-

administered, group-administered or web-based survey as described below:
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Self-administered mail survey [is] where the same questionnaire is mailed to a large
number of people, and willing respondents can complete the survey at their convenience
and return it. Mail surveys are advantageous in that they are unobtrusive, and they are
inexpensive to administer. However, response rates from mail surveys tend to be quite low

since most people tend to ignore survey requests.

Group-administered questionnaire [is where] a sample of respondents is brought
together at a common place and time, and each respondent is asked to complete the
survey questionnaire while in that room. Respondents enter their responses independently

without interacting with each other.

Web-based surveys are administered over the Internet using interactive forms.
Respondents may receive an electronic mail request for participation in the survey with a
link to an online website where the survey may be completed. These surveys are very
inexpensive to administer, results are instantly recorded in an online database, and the
survey can be easily modified if needed. Furthermore, sampling bias may be a significant

issue since the survey cannot reach people that do not have computer or Internet access.

The researcher adopted the 'self-administered questionnaire' to carry out the survey in its first
phase. To improve participation rates, however, both mail-based and web-based modes of
questionnaires were used. Following questionnaires collection, the responses were coded and
analysed through thematic analysis, and then the emerged themes were further investigated
through semi-structured interviews. And for this, those who agreed to take part in an interview

were asked to leave their contact details at the end of the questionnaire.

3.3.1.2 In-depth interviews

Having conducted the questionnaire survey, the researcher was ready to supplement or
corroborate the results through in-depth semi-structured interviews. A key feature of in-depth

interviews as pointed out by (Lewis, 2013, p. 58):

is their depth of focus on the individual. They provide an opportunity for detailed
investigation of each person's personal perspective, for in-depth understanding of the
personal context within which the research phenomenon is located, and for very detailed
subject coverage. They are the only way to collect data where it is important to set the
perspectives heard within the context of personal history or experience; where delicate or
complex issues need to be explored at a detailed level, or where it is important to relate

different issues to individual personal circumstances.
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With this in mind, in-depth interviews were planned to be undertaken to probe the initial
explorations of the questionnaire survey further at a more detailed level and to enable
respondents to elaborate on their answers. Accordingly, a guide was designed and developed
based upon the responses and themes that emerged from the received questionnaires. And
similar to the questionnaire, the interview guide was prepared in both Arabic and English (see
Appendix B). Through using open-ended questions, the researcher sought to discuss the
progress made to date concerning the implementation of energy efficiency interventions since
the Kurdistan Regional Government (KRG) planned for the green construction practices strategy
in 2012, identify the weaknesses and strengths of the current building trades and discuss the
key concerns and the required actions to promote energy-efficient design in the residential
sector with participants more closely. However, refinement to the semi-structured interview
guide was iteratively taken place since complementary or additional lines of thought that were
central to the research were brought up by participants with the progress of this phase of
qualitative data collection. Therefore, the researcher might have asked questions not being

mentioned in the interview guide but were picked up on points made by participants.

Purposively, the researcher chose a sample of key stakeholders, i.e. educators, policy makers
and practitioners, to be interviewed at this phase of the research based on theoretical sampling.
This is described by Glaser and Strauss (1967, p. 45) as, "The process of data collection for
generating theory whereby the analyst jointly collects, codes, and analyses his data and decides
what data to collect next and where to find them, in order to develop his theory as it emerges.
The process of data collection is controlled by the emerging theory, whether substantive or

formal."

Participant information sheet (see Appendix B) including invitation statement, the interview
agenda, an overview about the research including the issues that were planned to be discussed
and some information regarding confidentiality and anonymity was also prepared. This with the
interview guide were issued to the sample participants in advance so that they get enough time
for thinking about and provide more valuable contribution to the research. For the purposes of
enhancing the accuracy of the qualitative analysis of the data from the interview session,
moreover, with their consent the majority were recorded through a digital voice recorder. In
total, the researcher conducted 15 face-t- face interviews, 2 phone interviews and 2 virtual ones
which included: 3 policymakers, 2 regional planners, 5 educators and 9 practitioners. Except
one interview which was undertaken in English, the rest were carried out either in Arabic or in
Kurdish. Following that, the transcription, translation and thematic analysis of interview

recordings took place.
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3.3.1.3 Case study method (bottom-up approach)

The case study method was adopted to provide a rigorous evaluation of physical attributes,
energy performance and indoor thermal conditions of a sample of dwellings over both
summertime and wintertime, and examine occupants’ personal knowledge of the building’s
thermal behaviour and measures by which comfort can be improved. Such an evaluation aimed
to generate inputs, e.g. technical parameters, to the development of computer-based models
and the establishment of contextual and optimal upgrading strategies for the building fabric

across the residential sector.

Taking into account the socio-economic context which cannot be excluded from any in-depth
analysis, it was of great importance that the sample represent socioeconomically distinct
groups. This is because the fabric upgrading strategies that could fit a certain income group
might not be suitable for another one owing to differences in their lifestyles, their strategies of
adjusting the indoor thermal conditions, their consumption patterns, and the quality of their
buildings. To identify distinct income groups, accordingly, the researcher used a framework set
by a Joint Report by the Kurdistan Regional Statistics Office (KRSO) and the International
Organization for Migration (IOM) based on a survey conducted on a sample of 13200
households across the three major cities of Iraqgi Kurdistan, i.e. Sulaymaniyah, Erbil and Duhok
(KRSO and 10M, 2018). Based on such a framework which distributed the surveyed households
into eight income groups, four categories were identified to be the target of the research as
follow: The first and second one account for nearly 28% and 22% of the surveyed households
respectively in which the former group has a monthly income of 250,000 — 500,000 Iraqi Dinars
(lQD) whilst the latter earn between 750,000 — 1,000,000 IQD. Households belonging to the
former category are more likely to live in small and substandard houses where access to cooling
and heating is very limited leading to poor indoor thermal conditions. On the other hand, the
third and fourth group account for nearly 0.9% and 0.2% of the surveyed households

respectively in which the former group earn between 2,000,000 — 3,000,000 1QD whereas the

latter has a monthly income over 5,000,000 IQD (see Fig. 3.3).

i f f f

Case study 1 Case study 2 Case study 3 Case study 4

250,000 500,000 750,000 1,000,000 2,000,000 3,000,000 >
<250,000 IQD = = = = = = 5,000,000 IQD
500,000 IQD 750,000 1IQD [ 1,000,000 1QD 12,000,000 1QD g 3,000,000 IQD g 5,000,000 IQD

Lowest income » Highest income

Figure 3.6 The distribution of households based on the categories of the average monthly income, and the selected
groups for the research [adapted from KRSO and IOM, 2018]
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Having determined the income groups, the next step was to send formal requests to a number
of households within each selected group in different areas across the region to allow the
researcher to undertake summertime and wintertime investigations in their houses. Several
homeowners and/ or tenants agreed to take part in the study. However, bearing in mind the
research resources that were available (e.g. data loggers) and the research timeframe, it was
decided that one representative case study will be examined for each selected income group.
Accordingly, four dwellings ranging from one-storey to two-storey buildings covering a range of
floor areas were chosen. Except the first one, which was built in 1970s, the rest of the sample
were constructed after 2004. The information about each one of them, including the household

information and construction associated details, is presented in detail in chapter 6.

Having selected the dwellings, it was time to choose the appropriate method(s) for data
collection. Throughout the literature, the typical approach in undertaking such investigations
has been based on physiology and engineering-based methods and evaluations. This has been
through monitoring the physical parameters, e.g. temperature and air quality, assessing how
buildings actually perform in terms of providing and maintaining thermal comfort. This is
besides the application of post-occupancy surveys that take occupant's viewpoint in such
assessment, identify their expectations and needs, and rate their degree of satisfaction. With
such an approach which has been relatively limited to the technical dimensions of
environmental control and physical aspects of thermal comfort, however, one cannot rigorously
understand the relationship between the inhabitants and the physical performance of the
environment they occupy and the factors shaping that relationship (Leaman et al., 2010). One
needs to go beyond that conventional approach and think in a wider sense with increased

attention to the nature of that relationship (Cole et al., 2008).

There is a widespread belief that what people consider as a satisfactory thermal environment
largely varies from one culture, place, climate or time to another (Chappells & Shove, 2005;
Nicol & Roaf, 2017). And with no doubt, the human body's physiological and physical state is no
longer seen as the only determinant driving the perception and management of comfort in
buildings. It is according to (Chappells & Shove, 2005; Shove et al., 2008) only one element
among others, such as socio-cultural context, ways of life, the building attributes, and the

available measures by which comfort can be provided.

This belief can be supported by a number of field-based researches showing how influential
those underlying components can be. For instance, Leaman & Bordass (2007) show that the
expectations, tolerance thresholds, and thermal behavioural patterns of those living in a
mechanically controlled environment undoubtedly differ from those who live in a free-running

building. Also, a study conducted by Wilhite et al. (1996) compares the way households manage
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and control the indoor environment of their buildings in Japan and Norway. It indicates the
notable impact of cultural differences and available controls which resulted in clear differences
in their comfort preferences and practices. Such impact is well analysed and described by
Kempton & Lutzenhiser (1992). Another research conducted in a suburb of Copenhagen by
Gram-Hanssen (2010) found that even families living in the same type of dwellings could have
considerably different heat consumption and behavioural patterns for different reasons, such
as thermal preferences and unfamiliarity with the environmental control systems. The study
examined the issue from a socio-technical angle employing a combination of quantitative and
in-depth qualitative investigations and pointed up the importance of incorporating an
occupants-centred approach in conducting building performance researches. Indeed,
occupants’ engagement in adjusting indoor conditions and its significant impact on
performance outcomes is proven (Rijal et al., 2007; Hoes et al.,, 2009). Such engagement
according to Cole et al. (2008) is shaped by a set of contextual, behavioural, cultural,
psychological and physiological factors. These are alongside religious and economic ones
(Humphreys, 1997). However, their degree of influence varies according to different conditions

and circumstances.

In areas such as those of the developing world where the affordability of comfort is a common
issue, human behaviour in controlling the environment becomes quite essential. And so
considering the inhabitants as an integral part of the overall performance of the environment
they occupy underlines the importance of valuing and engaging questions of human agency
when studying thermal comfort and environmental control. And this is according to (Gupta &
Chandiwala, 2010; Stevenson & Rijal, 2010) can be undertaken through social qualitative
analysis offering intimate insights. Bringing this and methods concerning technical aspects

together will form a socio-technical regime (Cole et al., 2008).

Drawing on such a regime, the performance of the representative case study dwellings is
investigated relying on a close coupling of qualitative and quantitative investigations employing
a combination of in situ measurements, observations, and in-depth interviews during summer
and winter, four weeks for each. The methods are thoroughly presented in the following sub-

sections.

3.3.1.3.1 In situ measurements

Starting with in situ measurements, data collection of the indoor thermal environment, mainly
in the occupied spaces in each dwelling, were carried out. Similar to other monitoring
researches (e.g. Oreszczyn et al., 2006; Hong et al., 2009; Cantin et al., 2010; Bozonnet et al.,
2011; Kavgic et al., 2012; Soebarto and Bennetts, 2014), out of six thermal comfort variables

that established in ISO 7730 (2006), relative humidity and indoor dry-bulb temperature were
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measured continuously at 5-min intervals by employing data loggers, called Tinytag Ultra 2. Its
accuracy for RH and temperature is stated to be +3% and +0.5 °C respectively, and this is

reasonable according to Nicol et al. (2012).

The place in which each logger was hung was carefully chosen aiming for ideal locations taking
into account ANSI/ASHRAE Standard 55 guidelines. Householders' guidance was also
considered especially in terms of their identification of the main occupied spaces and also the
places where they operate portable heaters and/or air coolers within each space. Sensors were
positioned away from any source of coolth or heat, e.g. air conditioner, heater, sunlight, cooker,
etc. at a height of 2100 mm from the ground level where children cannot reach. This is despite
the fact that it is not the ideal height, i.e. 1100 mm is recommended by (ANSI/ASHRAE Standard
55, 2010), as there might be slightly higher temperature at that height compared to inhabitant's
sitting level. However, the impact of this slight increase is believed to be insignificant to the
overall evaluation. All the sensors were calibrated prior to their installation, and in order to
adapt to the indoor environment and avoid taking any inaccurate record, the sensors were

placed two hours prior to the measuring starting time.

In addition, external air temperature and RH were also recorded beside the indoor ones at same
intervals by utilising a waterproof data logger called Tinytag Plus 2— its accuracy for RH and
temperature is +3% and +0.5 °C respectively. And to ensure the accuracy of the data, it was
installed in a ventilated shelter, called Stevenson Type Screen, shielding the sensor against any
radiant heat and precipitation. It is worth noting that the available ‘Tinytag Plus 2’ sensors for
the researcher were only two. Therefore, one was installed in an area located between case-
study 1&3 (see Fig. 3.4) in the city of Duhok to monitor the external conditions and provide data
for both case studies, and one was installed in the English village in the capital Erbil recording
data for case-study 4. And the external data for case-study 2 were acquired from the city’s

weather station.

Case study 3
Tinytag Plus 2 :

Case study 1

Figure 3.7 The locations of one of the outdoor data loggers and case study 1&3 (Adapted from Apple Maps)
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Alongside the thermal environment data collection, households’ energy consumption data
were collected over a period of one year starting from August 01, 2018. Additionally to the
existing electric meter that records the amount of electricity that the household consumes
through the National Grid (see Fig. 3.5), a smart meter was installed in each selected dwelling
to measure their electricity consumption through the alternative source of electricity, i.e. a
shared generator operating at neighbourhood level. On a monthly basis, readings were being
documented and relevant information regarding the consumed amount of kerosene and the
LPG cylinders was being obtained from the households. The annual total consumption then was
calculated in kWh for each case study except case-study 2 as the household left the house

unoccupied. The conversion of the total consumed amount of kerosene and liquefied

petroleum gas (LPG) to kWh was based on fuel conversion factors set by Defra/DECC in 2012.

Figure 3.8 Electric meters in

the examined dwellings

(author)

3.3.1.3.2 In-depth interviews and observations

The in situ measurements were accompanied by qualitative data collection through semi-
structured interviews with the families and tours inside their houses. This stage aimed to
provide a thorough understanding of the occupants’ personal knowledge about the
contribution of the building itself and the available measures in maintaining thermal comfort.
This is in addition to establishing a clear picture about their behavioural control actions and
strategies in coping with extreme thermal conditions throughout heating and cooling seasons
in the light of the constant electricity blackouts that they experience with the National Grid.
This type of interview is believed to be effective as it gives more freedom to both researcher
and participant to follow new leads (Bernard, 2006).
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The first set of interviews was carried out during August 2018, and the second one was
undertaken during the following January at their residences. The interview started with
collecting some general information such as demographics, socio-economic status of the family,
tenure category, period of living in their residence, year of construction, number of inhabitants
and some other general data. Not only personal thermal comfort preferences, reactions and
experiences that are common in post-occupancy evaluations were addressed but also the
contextual factors such as historical, technical, cultural and social influences in improving
thermal comfort were discussed similar to thermal comfort's cultural and social analysis (see
e.g. Wilhite et al., 1996; Hards, 2013; Hitchings et al., 2015; Moore et al., 2017). Questions
regarding their energy-related behaviour and consumption pattern were also addressed (see
Appendix C). The thermal comfort scales were the standard 7-point ASHRAE thermal sensation
scale and the 5-point thermal preference scale. The thermal sensation scale records an
occupant’s Thermal Sensation Vote (TSV) on a scale of (hot to cold), while the thermal
preference scale asks the occupant what their preferred sensation is, from much cooler to much
warmer. Since the interview was carried out in Kurdish which differs from English in terms of
functions, structure and vocabulary, however, most of the interviewees had difficulties
differentiating between some of the given scales, e.g. warm from hot. For that, directions and
instructions were available to avoid uncertainty in answering the questions. Following each
interview, the researcher was taken on a tour to carry out some observations, notes and
drawings regarding the building attributes and performance as well as prompting the occupants

for further elaboration on their everyday practices.

3.3.1.3.3 Thermal assessment

Following the in situ measurements, the recorded RH and air temperatures were exported to
Excel to undertake data analysis and generate relevant charts and diagrams on indoor thermal
conditions in the examined rooms. In this respect, the comfort temperature (Tcomf) band needed
to be identified to carry out thermal comfort analysis. Due to the absence of local standards of
thermal comfort, however, international ones were employed. The residents' behavioural
adaptive abilities to changing temperatures that are highlighted in a later section encouraged
the use of adaptive thermal comfort models. The most broadly adopted models in such
researches are the American ASHRAE 55 and the European standard EN15251. The former
model, which derived from an extensive fieldwork conducted by De Dear and Brager (1998)
across several countries, predicts the acceptable band of indoor operative temperature from
'prevailing mean outdoor air temperature' (Tpma(out)) @and provides the possibility to be used in
areas with no active cooling system and when Tpma(out) is greater than 10°C and less than 33.5 °C
(ANSI/ASHRAE Standard 55, 2013). According to this model, there is a linear relationship

between Tcomt and Toma(out) in Which the former increases with the latter at a rate of 0.31 K per
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K. Two acceptability limits of indoor temperatures are offered in this model considering the
satisfaction of 90% and 80% of building users with comfort bounds, i.e. Tiower and Tupper, being 5
Kand 7 Kapart respectively. In order to calculate Tpma(out), ASHARE 55-2013 (as cited in De Vecchi

et al., 2015, p. 95) provides three methods as follow:

Method 1: A simple arithmetic mean of all mean daily outdoor air temperatures

(tmdaour)), calculated with 7 and 30 sequential days prior to the day in question.

Method 2: The weighting method in which the exponential value (a) was set to 0.6 and

0.8 using the exponential equation from ASHRAE 55 (2013) as follows:
Tpma(out)= (1 - Ol) [te(d—l) + ate(d—z) + a2 te(d—s’) + 0[3 te{d—4) + ] . (l)
Method 3: The published meteorological monthly means for each calendar month.

In a similar way, the EN15251 adaptive model computes the allowable band of indoor operative
temperature from 'running mean outdoor air temperature' (Trm) using a linear equation where
the former (Tcoms) increases with the latter at 0.33 K per K rate. The standard offers the
possibility to be applied in spaces with no active cooling but with a narrower temperature
domain, i.e. 10 °C< T <30 °C, (CEN Standard EN15251, 2007). For this reason, this model could
not be applied in the current research since T, as appears in the findings, did not fall into the
permissible temperature range. It could also be argued that in spite of Tpma(out) being within the
range of (10°C to 33.5°C), even ASHRAE 55 model might not be applicable in this case. This is
due to the fact that cooling technologies, such as air conditioners, were operated in the houses
from time to time which is not compatible with ASHRAE terms. Similarly to a number of
researches conducted in hot climate areas (see e.g. Nicol et al., 1999; Wong et al., 2002; Bouden
and Ghrab, 2005 and Indraganti, 2010), however, the research considers discontinuous using of
such environmental controls just a further adaptive opportunity that is practiced during hot

periods, unlike central cooling system that runs continuously with predetermined set points.

In order to apply ASHRAE 55 adaptive standard in thermal assessment, indoor operative
temperature (T,), which is the average of the air temperature [T,] and the mean radiant
temperature [T,] (ANSI/ASHRAE Standard 55, 2010, p. 13), needed to be known. However, mean
radiant temperature was not measured in both summertime and wintertime fieldworks as
globe thermometers were not available. And thus with the absence of such a variable, the
measured T, was assumed to be a proxy for T,. However, such supposition may not be accurate,

especially in spaces having high thermal mass.

Apart from that, applying such model in sleeping spaces might be argued as illogical based on

the limitation of adaptive opportunities when people are sleeping. Alongside ASHRAE adaptive

40| Page



model, accordingly, CIBSE static criteria were adopted in which 26 °C in bedroom and 28 °C in
living space should not be exceeded greater than 1% of annual occupied hours (CIBSE, 2006).
Such overheating criteria is also recommended by the Building Control Regime (BCR) developed

by UNDP-Iraqg.

3.3.2 Research B

This part of the study intended to measure the impact of applying fabric first principles on
dwelling's thermal comfort and provide a consistent theoretical basis for such an application in
a climate which is remarkably different from Germany draw on guides and criteria that have
been pointed out in Chapter 2. It is a purely theoretical investigation and is considered as a
parametric self-contained study sitting within the context of positivist research that adopt a
deductive approach where the investigator uses new empirical data aiming to testing patterns
and concepts recognized in existing theories rather than building a theory. Bear in mind that it

is not just about testing, but perhaps refining, improving and extending a theory as well.

The study will focus on the fabric design rather than the whole-house design. And part of the
reason is that a particular social class under the scope of this study has a very limited access to
cooling and heating services. Besides, many construction experts and researches recommend
that the early-stage of progress improving an entire building should be the upgrade of building
envelope. It is worth noting that this study is not limited to Iraqgi Kurdistan; it might benefit

similar climate regions, especially those in the developing world.

At first, an abundance of literature which covers a variety of issues associated with the
Passivhaus/fabric first thermal and technical performance under diverse climatic conditions has
been reviewed focusing on its viability and feasibility from a climatic point of view (see chapter
2). At this stage, the researcher aimed to review relevant experiences across the world to gain
technical insight, identify the possible strengths and weaknesses, and identify the most
common research tools in the area. In fact, the climate difference has been one of the raised
issues that architects have faced in adopting fabric first approach in different geographical
areas. Studies concerning hot climate regions were very limited (e.g. Schnieders, 2005;
Schnieders et al., 2015; Fokaides et al., 2016; Khalfan and Sharples, 2016 and Abu-Hijleh and
Jaheen, 2019).

Quantitative methods were then used in this study to test objective theories, the framework
and research aims and for giving answers by examining the interaction among measured
variables using scientific techniques. The theoretical investigation was carried out and technical
insights were generated experimentally through employing computer-based modelling

techniques (simulation tools). Nevertheless, one should bear in mind as evident that only an
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approximate scenario to the actual one is offered by simulations, and this might be considered
as a limitation in this piece of research.

3.3.2.1 Computer simulation

This is considered as a paradigm shift which enables engineers and designers to undertake
thorough assessments for possible designs within probable real-life operating conditions to
address a complex dilemma. To put it another way, it helps at the early design phase to emulate
future realities. It is an opportunity to evaluate and predict the performance of proposed
systems and make changes in a way that improves their performance, lead to quicker, better
and cheaper outcomes and contribute in mitigating climate change and protecting environment
to match the community's ambitions for sustainability (Clarke, 2007). With increasing energy
and environmental awareness across the world, the use of tools to simulate building
performance has widely taken place in researches and in practice at the design stage as an
integral part to assess indoor thermal comfort and energy efficiency of buildings and to obtain
other measurements such as energy costs, CO2 emissions, etc., especially in nations of the

developed world (Nadarajan, M. and Kirubakaran, V., 2016).

Simulation of building thermal performance using digital computers has been an active area of
investigation since the 1960s, focusing on load calculations and energy analysis. Over time, the
simulation domain has grown richer and more integrated, with available tools integrating
simulation of heat and mass transfer in the building fabric, airflow in and through the building,
daylighting, and a vast array of system types and components. At the same time, graphical user
interfaces that facilitate use of these complex tools have become more and more powerful and
more and more widely used (Spitler, 2006). According to Crawley et al. (2008), over the past 50
years, literally hundreds of building energy programs have been developed, enhanced and are
in use. Choosing the most appropriate tool for simulation might largely be influenced by the
easiness of using the tool and the building characteristics (e.g. air-conditioned and non air-

conditioned buildings).

Throughout the existing research, as can be noted in chapter 2, Passive House Planning Package
(PHPP) which is Microsoft Excel-based application appeared to be amongst the most common
tools in assessing the application of Passivhaus principles and predicting their impact on energy
efficiency and thermal comfort. The software comes with worksheets for primary energy
demand, electricity demand, heat distribution and supply, and heating energy balance. These
are besides the ones for summer performance, shading, and windows that were added to the
application at a later stage (Feist et al., 2007 cited in Badescu et al., 2015). The PH approach of
the PHI is based on local climate data and altitude, which do not care of the hemisphere. Climate

data for several regions in Europe are provided. In case the passive building is placed in a region

42| Page



with no data provided, local climate data can be provided for the registered members of the
Passivhaus community. PHPP was created for residential passive buildings design, but it may be

used to design non-residential passive buildings (Badescu et al., 2015)

As it is a steady-state simulation tool assuming variables to be constant, however, the
researcher opted for a dynamic simulation tool. It was therefore decided to employ an
EnergyPlus-based energy modelling tool called DesignBuilder, one of the most widely utilised
simulation tools in the industry for examining and predicting comfort, lighting, carbon, and
energy performance of buildings [see e.g. Kulkarni et al. (2011), Cardinale et al. (2013), Wang
et al. (2015), and Blanco et al. (2016)]. Offering a detailed dynamic thermal simulation and a
user friendly graphical interface, the tool enables energy consultants, engineers and designers
to undertake thorough thermal and energy assessments. The software allows real and accurate
data with respect to construction materials, building geometry, cooling and heating
technologies, and occupancy profiles to be inputted. Therefore, professionals can easily
visualise possible designs, predict the performance within probable real-life operating
conditions and make changes in a way that improves the performance and lead to quicker,
better, more affordable, more efficient and more sustainable outcomes. Further details about

the modelling process and method are presented in Chapter 7.

3.4 Summary

This chapter introduced in detail the relevant research philosophies and methodological
framework developed to fulfil the research aims and objectives, along with the reasoning
behind the selection. As indicated earlier, the investigations have to go through a sequence of
phases starting from the initial exploration of the cultural context to the development and
assessment of fabric first-based upgrading propositions where each phase requires its own
research instrument(s) to be accomplished. As a result, the research follows the pragmatism
philosophy where different methods and methodologies can be combined as suitable for the
work. The next two chapters will present the results of two early phases of the investigations
and will establish the contextual background of the mainstream construction culture in the KRI
and the possible problems that are faced there concerning the application of energy efficiency

measure.
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Chapter 4

Energy efficiency and the built environment: Questionnaire Results

4.1 Overview

In this chapter, the researcher presents the initial data collected from a group of professionals
working in the construction industry in the Kurdistan region through a questionnaire survey of
4 pages long (see Appendix A). It was distributed in March 2018 targeting 110 practitioners
using a snowball sampling technique described earlier in section 3.3.1. The chapter aims to offer
some initial insights with respect to questions of energy efficiency measures within the built
environment and the level of awareness, demand and interest amongst not only the
construction professionals but also the clients. The data are then used in designing and
developing the interview guide for further investigations presented in the next chapter aiming

to define the underlying factors that could determine the nature of fabric first approach there.

4.2 Questionnaire Results

4.2.1 Profile of respondents

Out of 110 practitioners surveyed from different cities of the KRI, i.e. Duhok, Erbil and
Sulaymaniyah, a total of 77 respondents who represent various firms including: architecture (29
respondents), civil engineering (19 respondents), contracting firm (16 respondents), and project
management (10 respondents), filled the questionnaire. This corresponds to a 70% response

rate which is reasonable (see figure 4.1). The majority received their degrees from Iraqi

Contractor

Project Management

Civil Engineer

Architect

0 5 10

num]bser of responggnts 2 30 %

m Bachelor m Diploma Masters Doctorate/ PhD

Figure 4.9 Profile of participants (author)
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Universities, whereas 22 of them studied in countries like UK (9 respondents), USA (3
respondents), Malaysia (3 respondents), Turkey (2 respondents), Australia (one respondent),
France (one respondent), Poland (one respondent), Czech Republic (one respondent) and Syria
(one respondent). Their average experience in the construction sector is around 14 years with
about one third of the participants having worked for more than 15 years in the building
industry (see figure 4.2). Responses are varied and reflect the own experiences of practitioners
and their opinions on adopting low-energy buildings in Kurdistan. A number of respondents

show very limited experience and knowledge in relation to that.

> 20 years

15-20 years

10-15 years

5-10 years

< 5years

0 5 10 15 20 25 30 35
number of respondents

M Architect Civil Engineer Project Manager Contractor

Figure 4.10 The average experience of the respondents (author)

4.2.2 Degree of awareness, interest, and demand in energy efficiency

Practitioners were asked if they are aware of the green strategy set by the Kurdistan regional
government (KRG) in 2012 with respect to mainstreaming eco-friendly construction practices.
And a text box followed the question in order to allow respondents to explain the reason(s).
Out of all the 77 respondents, interestingly, only four claimed that they are aware of the
strategy, whereas the rest showed a lack of awareness. Poor communication channels and lack
of enforcement were revealed to be the main reasons why the vast majority of practitioners
have no idea about such a strategy. And this is highlighted through the following illustrative
qguotes: "Despite the importance of environmentally friendly building strategies, there are still
no serious actions by the KRG on the ground (no enforcement)"; "There could be attempts by
the government in this regard. But due to the poor communication between the government
and the private sector, these policies have not been circulated by the Kurdistan Engineers Union
(KEU) not in the form of an official guidebook nor even through undertaking seminars or
conferences raising this issue," and "It is the lack of an effective role of the Engineers Syndicate
and the competent authorities in enacting laws and legislations to guide those working in the
building sector." These highlighted claims were worthy of further investigation through in-

depth interviews with policymakers which will be discussed in the next chapter.
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Moreover, respondents were asked to rate the level of demand and interest in energy efficiency
measures amongst their clients. Their answers ranged on a five points scale from "very low" to
"very high" as shown in figure 4.3. The demand for such measures was rated as low by 24
respondents and very low by 12 respondents. The most often cited reasons for not desiring low-
energy buildings can be categorised into the following: the lack of energy awareness, high
capital cost and financial constraints, the lack of appropriate standards, and insufficient
technical knowledge and tools. And these are highlighted through the following illustrative
quotes: "They generally lack energy awareness. They spend a lot of money on the building
appearance (aesthetic elements) and when it comes to comfort issues they go for air
conditioning systems to cool or heat their buildings"; "Because of the costs of materials,
components, and skills needed for low-energy buildings, clients will need to spend more money
than what one would normally spend on a conventional building..."; "... Some are in need of
basic supply for shelter and have no or very limited budget; therefore the concern about energy
efficiency, in my opinion, will not gain the priority for these people..."; "We lack sufficient
technical knowledge and tools compatible with energy-efficient buildings" and "... The
competent authorities do not have any effective guidelines, policies, and strategies to drive
people towards that." In addition to that, other reasons were given by several respondents such
as political instability across the region and Iraq, low energy prices, lack of financial support in
the form of grants or subsidies, lack of suppliers and companies working strongly in introducing
these ideas and techniques (poor supply chain), and lack of demonstration projects. All these
barriers, according to the respondents, exert an impact on the likelihood of investment in
energy efficiency. Out of all the 77 participants, interestingly, only three of them indicated that

the level of demand and interest is very high and 10 of them indicated it as high.
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Figure 4.11 The level of demand and interest in energy efficiency measures among clients (author)

Energy and money saving, indoor comfort, power outage, and increase in energy prices were
the most often cited motivations for demanding low-energy buildings. And this is illustrated

through the following quotes: "Due to the harsh climate conditions, i.e. excessive heat over the
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summer period and extreme cold over the winter period, besides high rates of energy that is
consumed to provide comfort"”; "The constant power outage is leading people to look for other
alternatives that decrease their energy demand and reduce energy consumption,” and "The
government keeps increasing the energy prices, and they [clients] often experience electricity
outage leading to indoor discomfort." In addition to these motivations, one respondent
highlighted the significant role of existing relatively low-energy apartments in encouraging
people to go for energy-efficient solutions rather than conventional ones, and he stated that
"Since the adoption of some energy efficiency techniques in few housing complexes that show

better performance, people have been more interested in these buildings."

Plan to use

No

Yes

1
number of respondents
0 5 10 15 20

M Architect m Civil Engineer m Project Manager = Contractor
Figure 4.12 Current status of applying energy-saving measures (author)

In addition, practitioners were asked if their firms use energy efficiency methods and
techniques. The responses show that about 22% of the respondents do not use energy
efficiency measures, while about 27% plan to use. And the rest of the participants claimed that
they apply the methods and techniques (see figure 4.4). Out of 37 practitioners who
acknowledged their use of energy efficiency measures, interestingly, 19 are architects. Those
engaged in adopting energy efficiency measures were asked to identify the type(s) of building
that they use the measures for. The residential building is shown to be the most common type
associated with that. Through open comments, the responses show similarities amongst the
practitioners regarding their methods and techniques, and the most cited ones can be
summarised under the following themes: building envelope insulation, passive design
techniques, and energy-efficient equipment. Multi-layered walls and roofs including the
insulating layer such as polystyrene or glass wool and double glazed windows were the most
given technical interventions at which to reduce heat transfer in buildings. Passive techniques
such as shading, vegetation, orientation, and window size were also reiterated by several
respondents. Moreover, Underfloor Heating System and Air Coolers as energy efficient
equipment in addition to using construction materials with higher thermal resistance than of
concrete blocks that are available in the local market such as brick and Autoclaved Aerated

Concrete block (AAC) were indicated by some respondents. Other measures such as spatial
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arrangement in accordance to sun path, energy-efficient lights, thermal insulation paints,

Standing Seam Cladding, Styrocrete Cladding, and solar panels were shown by few respondents.

Out of 7 factors listed in the survey, furthermore, respondents were asked to identify the most
important one that they consider when opting for building materials (see figure 4.5). A text box
followed the question in order to allow respondents to explain the reason(s). The answers were
diverse. The most important factor was identified by 23 respondents to be durability, whereas
thermal properties of the material was considered as the most important one by 22
respondents. Extending building life and reducing the cost of maintenance were the most stated
reasons behind choosing durability while avoiding heat loss and heat gain was the main reason
for considering the latter factor. The following are two illustrative quotes: "The quality and
durability of building materials will increase the life of building which is considered as one of
the main priorities among the clients," and "We have really harsh climate conditions in both
summer and winter, therefore we seek to use materials that have an excellent thermal

resistance to the outdoor climate conditions."

Recycled materials
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Figure 4.13 Key determinants in deciding which building materials to use (author)

According to the other 17 respondents, the initial cost was considered as the most important
factor when choosing building materials predominantly because of budget constraints. The
following are two illustrative quotes: "... Due to the social class differences among the clients,

however, we sometimes have to pay attention to the initial cost as well" and "Initial cost hinders
our work in achieving the better quality that we seek for in terms of thermal performance,
aesthetic and even durability." Further, several respondents highlighted the role of technical
capacities available among the local workforce, i.e. the labourers' skills, in choosing building
materials. This is shown in the following quotes: "There are many materials and techniques, but
the lack of skilled workers usually drives you to avoid some of these materials and techniques,"

and "Most of the labourers are unskilled with limited productivity, using a material which is
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unfamiliar to them might cause a delay in the implementation period [construction delay]."
Then the participants were asked to rate the importance of the 6 factors listed in the survey
when choosing building materials, and a five points scale was used from "1: least important" to

"5: very important" as shown in table 4.1.

Table 4.2 Degree of importance of six determinants in deciding which building materials to use (author)

Degree of importance quoted
by 77 respondents

Total
Factors 1 2 3 4 5 respond Mean Rank
Durability 0 4 8 29 36 77 4.26 1
Thermal properties of the material 6 7 7 29 28 77 3.86 2
Initial cost 1 11 12 34 19 77 3.77 3
Aesthetic 4 9 10 38 16 77 3.69 4
Locally manufactured 26 12 16 16 7 77 2.56 5
Recycled materials 32 20 11 11 3 77 2.13 6

Moreover, practitioners were asked if they use computer-based modelling to estimate
building's energy and thermal performance at the design stage. Their responses show very
limited experience and knowledge in relation to that. Out of all the 77 respondents, only seven
claimed that they use it. The lack of know-how, incentive and legislation were stated through
open comments to be the predominant reasons for not being engaged in using the programs.
This is highlighted through the following illustrative quotes: "... There are no training courses in
relation to these programs"; "Neither the authority nor people encourage us to use such tools
to estimate the energy and thermal performance at the design stage"; "Design fees that are
given by the client do not cover the cost and effort of using such programs and providing such
estimations" and "Lack of stakeholders' interest to have these estimations, and the authority
has not set any regulations in this regard forcing designers to consider these issues." Further,
the lack of researches highlighting the importance of simulation tools was also pointed out by
one respondent. On the other hand, several respondents claimed that undertaking such
estimations is not part of their responsibilities. Apart from that, IES-VE (one respondent), Revit
energy analysis (three respondents), and Hourly analysis program (one respondent) were

indicated to be used by those who claimed the use of computer-based modelling.

4.2.3 Feasibility of mainstreaming energy efficiency standards

Practitioners were asked if it is time for the housing sector in the region to apply energy
efficiency standards. The overwhelming majority, i.e. 98.7 % of participants, believed that to be
the right time. And this is predominantly to: save on electricity bills, tackle power outages, and
the increased energy demand that the region is currently facing, improve indoor comfort

conditions, and protect the environment as pointed out by the majority of respondents. The
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following are three illustrative quotes: "The region is suffering from the lack of electricity; there

n,on
’

are deficiencies in electrical generation, transmission and distribution ..."; "... The majority of
the existing housing units are not habitable in the absence of electricity, and people spend a lot
of money and consume a large amount of energy for heating and cooling (air-conditioning)"
and "For its long-term importance in the housing sector whether at the level of the tenant or
the landlord or at the state level instead of spending a lot of money in providing energy for this
sector each year." Further, few respondents indicated other reasons that fall into the following
areas: population density, energy prices, and climate change. On the other hand, the only
respondent, who believed that the time has not come yet to adopt the standards, explained

that "Still we have more serious problems in urban design, and municipality regulations, and

we are way far from this stage."

Participants were asked to indicate the main drivers for mainstreaming energy-saving measures
within the built environment. A list of potential factors, which according to relevant literature
are the most common ones in promoting investment in energy efficiency in buildings, was given.
And respondents were allowed to tick all that apply. Besides, a text box followed the given
drivers in order to allow respondents to add other drivers if they wish. Reducing energy
consumption and improving indoor comfort were revealed to be the most important drivers,
whereas reducing operating cost (energy bills) and improving health and safety were found to
be the second and third most important ones respectively (see table 4.2). Under the 'Other’
option, reducing noise pollution from private electricity generators and air conditioners'
compressors as well as promoting local production of relevant materials and components as a

new investment were also indicated by some respondents.

Table 4.3 Drivers for mainstreaming energy-saving measures within the built environment (author)

Total
Drivers Responses respond Rank
Reducing energy consumption 65 77 1
Improve indoor comfort 65 77 2
Reduce operating cost/ lower energy bills (cost benefits) 62 77 3
Improve health and safety 46 77 4
Reduce carbon footprint (protect environment) 44 77 5
Satisfy inhabitants' needs 28 77 6
Other 3 77 7
No benefits 0 77 8

Furthermore, participants were asked to indicate the main barriers impeding the adoption of
energy-efficient buildings in the Kurdistan Region. Again a list of potential barriers, based on

the literature, was given, and respondents were allowed to tick all that apply. Additionally, a
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text box followed the list of barriers in order to allow respondents to add other obstacles if they
wish. The lack of public awareness (lack of client demand) was found to be the most critical
barrier, while the lack of government initiatives was the second highest response. Further, high
capital investment and insufficient technical knowledge and skills were found to be the third
and fourth critical barriers respectively (see table 4.3). Under the 'Other' option, other barriers
were added such as lack of financial support in addition to lack of relevant knowledge among
policymakers, and one pointed out that, "KRG is still in the development phase and lacks basic

knowledge of adopting energy-efficiency buildings."

Table 4.4 Barriers for mainstreaming energy-saving measures within the built environment (author)

Total
Barriers Responses respond Rank
Lack of public awareness (lack of client demand) 65 77 1
Lack of government initiatives 60 77 2
Initial cost investment 53 77 3
Insufficient technical knowledge and skills 45 77 4
Available construction materials 30 77 5
Too complex to implement 6 77 6
Other 2 77 7

The respondents were asked if introducing energy efficiency standards, which might require
new skills, is going to be a challenge for the existing construction workers who have not learned
those skills. A text box followed the question in order to allow respondents to explain the
reason(s). The results show that 44 practitioners out of 77 believe that it is not going to be an
issue since the construction workforce learns and adapts easily in addition to the presence of
advanced construction companies, i.e. international companies, in the region that can act in
this regard. Three illustrative quotes: "They adapt very quickly to new techniques in order to
increase their involvement in the building industry with better pay and prospects"; "It is possible
to provide a specialized staff who can train laborers periodically to provide the required
competence" and "There are foreign companies in Kurdistan such as Turkish and European
companies which are very advanced and can provide the skills." Further, few respondents
strongly believed that carrying out some successful pilot projects will encourage the
construction cadres to learn the relevant techniques within a short period, especially if the
demand for such buildings increased in the market. On the other hand, adopting energy-
efficient buildings was believed by 33 respondents to be a challenge for the current building
labour predominantly due to the lack of skilled craftsmen and the shortage of vocational
institutes and training courses. Two illustrative quotes: "The workforce in the region is
accustomed to a particular pattern of construction which is somewhat easy for them ..." and
"Most of the local construction labourers use traditional construction techniques and there are
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no institutions seeking to continuously develop their skills." Nevertheless, there was a shared
view among the majority of both groups that in order for such adoption to be successful, it is

significant to introduce practical and applicable techniques and train the workforce.

Lastly, respondents were asked to indicate the key actions that have to be undertaken to
increase the likelihood of adopting low-energy buildings (see table 4.4). Multiple choices were
allowed. Raising public awareness was found to be the most important action (69 respondents).
One respondent stated in this regard that, "... We can establish the standards but if they do not
get acceptance from people, then their adoption will most likely not be successful." Educating
and training the workers and introducing new or improved materials and components were

indicated to be the second and third important actions respectively.

Table 4.5 Key actions to increase the likelihood of adopting low-energy buildings (author)

Total

Key actions Responses respond Rank
Raising public awareness 69 77 1
Education and training 53 77 2
Introducing new or improved materials and components 45 77 3
Establishing standards 41 77 4
Providing demonstration projects [Projects built to prove the viability of 40 77 5
energy-efficient buildings]

Providing financial support 36 77 6
Increasing cost effectiveness 24 77 7
Other 2 77 8

4.3 Summary

This section displays some initial explorations with respect to the current status of energy-
saving measures in construction and design processes being undertaken across the KRI, the
extent to which practitioners are aware of such measures, what impedes/drives their use, and
what needs to be done so that such measures take a firm root and become successful in the
marketplace. The findings reveal that for sure the energy efficiency movement has not yet
gained momentum within the construction sector where all the public, the market, and the
existing legislative environment show a very modest interest in energy saving. The results raise
some key questions in this regard which require further investigations and form the basis of the
qualitative findings presented in the next chapter. These include but not limited to questions
associated with the socio-economic status of the target population, ecological consciousness
and energy literacy within the community, regulatory measures and the political landscape,
construction supply chains, and technical capacity and the quality of those engaged in the

construction sector. In the following chapter, these key themes are discussed with a group of

52| Page



stakeholders more closely through in-depth interviews to provide the researcher with detailed
information and a deeper understanding of the context. This in turn will help in defining a socio-
technical framework that could later be involved whether in formulating the required policy
instruments, e.g. support programs, or in generating well-developed and socio-technically

contextualised energy-efficiency measures.
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Chapter 5

Mainstreaming energy-efficient building practices in Iragi Kurdistan: The

underlying issues

This chapter extends and supplements the early explorations of the questionnaire survey
presented in the previous chapter and teases out the little-known areas that emerged. These
include but not limited to the key drivers behind the modest interest in energy efficiency among
the public, market and existing legislative environment. This is besides the role of education
and policymaking in building a roadmap that nurtures the ecological consciousness within the
community and makes energy-saving one of the building construction's pillars. The chapter
discusses these themes in detail and in the form of a socio-technical framework provides a rich
gualitative context of some of the keys to managing and increasing the likelihood of adopting
energy efficiency standards in general and the fabric first approach in particular across the built
environment in the KRI. The chapter is based predominantly on qualitative data collected from
a group of key stakeholders through semi-structured Interviews carried out in April 2018 (see
Appendix B for full interview transcripts). The interviewees included policymakers, regional
planners, educators, real estate developers, and practitioners (see section 3.3.1.2 for full details

about the sampling process).

Based on the findings, the underlying issues that pose challenges to the industry in
mainstreaming energy-efficient building practices in Iraqi Kurdistan are grouped into the

following:

5.1 Economic barriers

A matter of some concern raised by the interviewees which deters stakeholders, mainly the
clients, from shifting towards an energy-efficient built environment in Iragi Kurdistan is the
additional up-front costs required for implementing energy efficiency measures regardless of
their many benefits. Generally, the prevailing construction practices in the region cost less when
compared to their more environmentally conscious counterparts that require uncommon

approaches of design, technical skills, additional time and effort, appropriate construction
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materials and technologies, etc. The interviewees believe that this causes hesitation and
notably influences the design and construction decisions and the desire of having more energy-
efficient buildings. This is in the light of a complete absence of mandatory energy efficiency

standards and government grants.

There is no question that for the majority of people, the initial cost determines most of the
construction details. Even if they wanted to implement energy-efficiency methods and
techniques, affordability would remain the key factor in deciding what methods and techniques

to use and whether or not to be used. In this respect, a contractor stated:

Many know that a significant amount of heat comes in through the roof and they know
that something like a green roof or insulation layer is important to avoid that heat. But
they think of the initial cost of these features first without taking the life cycle costing into
account, so they just don't go for it. They think that if they wanted to sell the house after
some years, prospective buyers would assign no value to these additional expenditures in

their house and they will not be ready to pay more money for such measures.

For people with limited income in particular where there are often tight budget constraints,
such higher build costs perhaps make the installation of energy-saving measures beyond the
bounds of possibility. They normally aim to keep the capital cost as low as possible. In this regard
an architect whose most clients are people with very limited investment capacity asserted that
implementing such measures is not within the priorities of those clients at all. "They hardly
afford the cost of substandard homes, so how can they afford to pay for such measures. This is

nonsense. There must be some economically viable ways to do so," the architect said.

These cost-related concerns influence not only the construction nature of self-build homes but
also large-scale housing development projects which are built across the region. As they are
normally built by profit-driven companies in which their priority is to reap greater cash out from
the society, they are highly unlikely interested to invest in energy-efficiency and adopt the
measures unless the government force them to do so. Their decisions are reportedly dependent
on market preferences and commercial basis that aim to improve sales and increase the profit
margins — build to sell. This is with no or little consideration to future needs and the
environmental impact of their decisions and choices they make. In this regard, a regional
planner stated that, "This is not surprising because you know at the end of the day they [volume
housebuilders] are not the ones who will occupy those units and they are not the ones who are
going to suffer from things like overheating or high energy consumption. So how would you

expect them to build efficient homes?"
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5.2 Energy awareness among KRI people

Despite the cost-related constraints, the level of environmental awareness and energy literacy
among KRI people seems to be not high enough to drive this transition within the built
environment. "People awareness of energy-efficiency and environmental issues is way low.
Many of them are still not used to switch off their lights when they go to bed; they are still not
used to think of the economic and environmental consequences of such behaviour," says a
policymaker. This according to a number of practitioners can be clearly noted among wealthy
clients where finances are not a major concern. "Having worked for wealthy people for years |
realised that it is more about lack of awareness among people rather than affordability. | have
had many clients with no financial barriers at all, yet they were not giving importance to energy
efficiency and the demand for such measures amongst them was low," says an architect. When
considering designing or buying a property, it is believed that their decisions are fundamentally
driven by the visual appeal, aesthetics and the overall spaciousness rather than functionality or
environment-related aspects. The lure of fancy often leads them to ignore fundamentals. In this

regard, a housing developer stated:

Potential buyers tend to prioritize aesthetics above all else. When they come to view a
house, they focus on the visual appeal of the exterior and the interior. Things like oversized
spaces, High-End Finishes and Exquisite Decorations are very important for them [...] |
understand this may not be in favour of your research and what you are trying to achieve,
but indeed, we do not too often receive buyers who really focus on how well our units

perform in terms of energy saving.

Such lack of environmental awareness among KRI people is believed to be attributed to a

number of factors:

5.2.1 Political Instability

The first one is related to the high uncertainty of the political system and its inevitable impact
on the way individuals think and plan. Being surrounded by states opposed to their aspirations,
the KRI has been increasingly susceptible to political instability and uncertainty for generations.
A series of destructive events and long-running armed conflicts have been taking place in and
around the region, e.g. the systematic destruction of Kurdish villages during the mid-1970s,
Irag-Iran war (1980-88), the Kurdish genocide (1988), the Gulf War (1990-91), civil war between
rival Kurdish factions (1994-97), the US invasion of Iraq (2003), the post-Saddam sectarian
tensions (2003-present), the war against al-Qaeda and Daesh, the deteriorating humanitarian
situation in neighbouring Syria (2011-present), the recurrent Turkish bombing campaigns on
Kurdish territories, etc. (see Fig. 5.1). All these catastrophes have generated a widespread
human suffering and have undeniably impacted and are continuing to impact people's psyche,
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way of life, beliefs, attitudes and future decisions they make — a key reason why people
generally seem to be short term thinkers as indicated by a number of interviewees. In this

regard, a policymaker stated:

Short-term mentality is actually dominating the construction industry. No one would set
out to build a house to operate optimally for, let's say, the next 20 years because they
believe that the region is vulnerable to external threats from their neighbours at any
moment. This is besides their constant fear concerning the long-running conflicts amongst
the main political parties. So you could say that psychologically and also culturally people
are not prepared for long-term thinking and | believe shifting to energy-efficient homes

surely needs long-term thinkers.

The 1970 Iraqi- Irag-Iran war (1980— [ The 1991 Kurdish The country plunged
Kurdish Autonomy 88) exodus from Iraq to into economic crisis

Agreement Turkey

Figure 5.14 Some of the major events around the region from the 1970s onwards

The security and peace challenges and the fragility of the region being part of one of the riskiest
states across the world have, perhaps understandably, prompted people to adopt short-term
and cheap solutions in their buildings at the expense of quality. In this regard, a regional planner

pointed out:

When you have doubts about your future, of course you will prefer cheap and quick
solutions that serve you now without taking future needs into account [...] Let me make
it simple for you, when you want a good health you will do workouts every day and
maintain a healthy diet and then you will enjoy the benefits as you age. But if you know
that your life is in high risk and you may die in the next few years then you will not do
that. So similarly to that, with the harsh political landscape that we have, there is no

reason for people to think of long-lasting solutions when they build.

Such presence of political upheaval along with widespread corruption have also left the built
environment with little political attention. The increased levels of future uncertainty have likely
shortened policymakers’ horizons in building a roadmap and undertaking necessary steps to
shape the future of construction in the region and developing well-targeted programs and

policies that make energy-saving one of building construction's pillars. "Part of the reason why
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the government has not worked effectively so far on this matter [i.e. energy efficiency and
environmental policies] is that the priority has always been given to other vital issues that the
region experiences such as political instability, safety and security, economic downturn and so

forth," says a policymaker.

5.2.2 Energy pricing

Despite the political instability, another key factor which has left the investment in energy
efficiency in the built environment with little public attention is the lack of economic
determination due to improper pricing of energy services provided by the government. Energy
costs being generally low in this country have not incentivised people to give too high weight
to energy saving in their buildings and reduce their consumption. "Being one of the world's
largest oil reserves lead people to rely on the cheap oil and inefficient active systems to provide
indoor comfort without thinking of energy consumption and its drawbacks. They argue that
they have the cheap energy, so why should they think of alternatives" says a regional planner.
This indicates how underpaying lighting, cooling, and heating services, to some extent, blunts
or wipes out any intention people might have to invest in energy efficiency. In an attempt to
explain the impact that improper pricing of energy services might have on occupants’

behaviour, an architect stated:

| think energy costs have not been supportive to drive people to think of energy-saving
and cultivate that awareness. | remember when | was studying in the UK | stayed for some
days at a friend’s house and one day my wife forgot to switch off the bathroom light and
then immediately my friend's little daughter started shouting and saying "turn off the
light; turn off the light; it costs money." So you see how her reaction was driven by energy
cost, why? Simply because it is expensive. But when you know it is very cheap then why
would you think of saving. For instance, when you know the difference in energy bill
between consuming energy in an extravagant way and consuming it in a thrifty way is a

matter of let’s say 10 or 15 USD, then you would not be keen to save.

This is believed to be an important factor driving people’s energy-related behaviour, and its
impact can be clearly noted across the region. One apparent example showing how unconscious
people are about energy use could be the way people place exterior lights all over their
dwellings. They are placed extensively and left ON for hours without even being needed. "You
see buildings with tens of exterior lights. It is staggering. If that was costing people a lot of
money, | believe they would not do that and waste their money," says an architect. Such a
matter has also emerged from the qualitative investigations carried out on the case studies

where households, especially lower income ones, were found to irresponsibly and
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extravagantly consuming the cheap energy, i.e. the one from the national grid, to adjust their

indoor conditions [see Chapter 4 and Abdulkareem et al. (2020)].

The impact of energy pricing on clients’ attitude towards energy saving can be further noted
following an announcement made by the government in 2017. The announcement indicated
that there will be policy reforms with respect to electricity in the region aiming to increase the
prices and tackle meter tampering and any form of power theft. This, according to a number of
architecture firms, has caused a kind of displeasure amongst people. But meanwhile, it
evidently resulted in a notable change in client views concerning building design towards seeing
energy saving as something worth spending time and money on. As a result, the demand for
energy saving measures began to surface and clients began to ask for measures that reduce
their consumption, such as introducing sufficient daylight to avoid the ongoing running of
artificial lights, insulating the building envelop to reduce heating/cooling loads etc. An architect
stated: "Clients have started looking for the possible ways that would increase the energy
efficiency of their buildings. They started to use double or triple-pane windows instead of single
ones. Even the window frames, people are looking for the types that have a thermal barrier to
avoid any form of heat losses around window frames." All this has been reportedly driven by

the potential increase in energy prices.

5.2.3 Building Legislation

The absolute absence of mandatory energy efficiency standards is another key factor leaving
the investment in energy efficiency in the built environment with little public attention. Despite
the government's claims to closely consider sustainable development, the protection of the
region's environment and the preservation of its natural resources in line with international
environmental laws, the building sector has gained no tangible result out of such claims. There
is still no Energy Conservation Building Code and regulation in the KRI in which homebuilders,
design professionals and real estate developers comply with. This has left design and
construction practices across the region not to be subjected to any obligatory requirements
that concern sustainability and energy efficiency as a consequence of the construction permit
issuance process not being subjected to such requirements. There are only 3-4 pages of general
recommendations, e.g. recommended construction materials and colours, available within the
Iragi housing standards which were set in 1982 concerning environmental design, but they are

hardly considered by KRI’s architects and engineers.

In underlining the impact of such a legislative matter on design and construction practices in
the Kurdistan region, an architectural educator pointed out that even when some of their
graduates go to the field and try to apply what they have learned and implement measures that

minimise energy use, their ideas are often rejected by clients. "They would tell you that your
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ideas are good, but they have not been imposed or even recommended by the local government
so why would we apply such techniques," says the architectural educator. The situation,
according to the interviewees, will probably continue as it is if no regulations are established.
One cannot deny that architects can play a significant role in increasing energy and
environmental awareness among their clients, but with no government interventions, they
alone cannot take the responsibility of pushing clients towards the adoption of energy-efficient

designs. In this regard a design professional pointed out:

When the municipality does not have such requirements and does not give due
consideration to the energy performance of buildings, you as a designer cannot force your
clients to spend more money on energy-saving measures. But if there were regulations
and strict enforcement then people will have no choice except complying with these
regulations because in this case if the design doesn't comply with the established
standards when you apply for the Building Permit then the application will be rejected by

the municipality and they will not allow you to build.

In the KRI, in general, there is a lack of legal authority to impose demands guaranteeing the
quality and efficiency of the built environment. Within the region’s laws, in fact, there is no
legislation or a certain article that seeks regulating, mandating, or specifying requirements and
regulations for the design, construction, and installation practices. Municipal committees that
are responsible for issuing construction permits and approvals carry out their evaluations
depending generally on their personal knowledge and capacities. And design and construction
professionals mostly rely on the knowledge and skills gained at university as well as their
experiences and preferences. "Some architects focus on improving thermal and energy
performance of buildings for better living conditions while others are not interested in that;

they pay for instance more attention to aesthetics," says a contractor.

To address the gap, municipalities have taken some modest steps and developed and issued a
set of ordinances, i.e. a bundle of instructions which have an ad hoc nature, for architects and
engineers to rely on when designing and constructing buildings. However, these ordinances are
not regionally unified as each municipality develops its own ones with no coordination with
their counterparts in other cities. And generally, they are not comprehensive enough to bridge
the gap arising from the absence of building regulation and codes. They are restricted to some
simple spatial and accessibility requirements, fire safety measures, construction site safety rules
and some basic zoning restrictions, e.g. building setback, floor area ratio (FAR), height of
buildings (number of stories), etc. And despite their simplicity and limitation, the competent
authorities have been evidently unsuccessful in enforcing them. "Within one neighbourhood,

you see buildings with different design patterns, different construction materials, and different
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colours which have resulted in a kind of visual pollution," says an architect. Such failure in
enforcing those municipal ordinances, according to a number of practitioners, is highly
attributed to the weak review process when issuing building permits and the poor government
oversight at the implementation phase as a result of the lack of qualified inspectors. In this
regard, a regional planner gave an example that shows how poor the building inspection is in

the region and stated:

Permit drawings that are submitted by some design professionals to obtain a building
permit, especially for small buildings, are most likely different from the ones that are
implemented on the ground. What they do is that they try to make ideal drawings that
comply with the available ordinances to obtain a building permit and then do whatever

they or their clients want even if it does not meet those instructions.

To tackle these issues, more recently, a team from UN-Habitat in partnership with the KRI's
Council of Ministers through a project funded by UNDP-Iraq has been developing a Building
Control Regime (BCR) to be established in the region. Advancements are being made and the
final draft is currently under review for government approval. And its overall objective is to
develop applicable and practical building codes concerning safety, health, construction quality
and energy-efficiency within the built environment. This is in a way that suits the socio-technical
and socio-economic context of the region and provide implementation plans, both short-term

and long-term ones.

In a conversation, which revolved around the nature and progress of their project, with one of
the key members of the team, however, the researcher was told that the codes are not as
developed as their international counterparts. This is owing to the constraints and challenges
that the Kurdistan region experiences. The proposed energy efficiency code, for instance, sets
out to build a floor allowing a gradual introduction of energy efficiency measures into the built
environment. "Whilst the Energy Performance of Buildings Directive requested the EU member
states accomplishing the target of ‘nearly zero energy building’ for every new building by 2020,
this goal is highly unlikely to be feasible in our region [...] Our current situation drives us to act
in a simplified way to introduce less stringent criteria and measures that can be
straightforwardly managed by parties engaged in the construction industry," the team member
said. Therefore, the code proposes a two-step implementation phase with less ambitious
targets as follow: The first phase is characterised by limited but easy to apply requirements to
be applied in the first 5 years from the issuance of this code, a period where parties engaged in
the construction industry develop their capacities and prepare for the second phase which
tends to impose more strict, advanced and ambitious requirements and measures after those

five years.
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5.2.4 Conformity to the norm

Conformity to the norm is another factor leaving energy-saving measures with little public
attention. Instead of being more individualistic in designing their own homes, people are
generally bound by design and construction patterns that are most prevalent within the
industry and thereby are most marketable. They seem to be sceptical of change and often look
for the same things and blindly copy the choices of others. "Sometimes you get a client (a family
of two) with requirements that are just like those that a family of ten normally demand [...]
When you explain and try to convince them with different or maybe new ideas, they would still
prefer something that they have seen on the ground and a design that is similar to what others
have built even if it has lots of shortcomings," says an architect. Another one stated: "When a
client comes with a north-facing plot, you know the problems with such plots with respect to
winter sun, so | tell them that instead of having a front garden or front yard, we can do a
backyard which will help to have south-facing windows so that you get the desirable sunlight.
But many reject the idea saying that the houses next door haven't done that so why would we
do." This underlines the tendency to imitation among the KRI people and how an agent is
affected by choices others made. This factor, according to a number of local design
professionals, was also a key driver behind the increased demand for double-height central
living spaces over the last few decades despite the difficulties households experience in heating
and cooling such a space. "You can almost say that double-height living space was often one of
the main requirements amongst clients without even knowing the pros and cons of such a
space. And when | was asking for the reason, they were often saying that they have seenitin a

house and they like it," a design professional said.

Since low-energy designs have not yet made their way to become a trend in Iraqi Kurdistan,
there is a widespread belief that adopting such a design approach which is quite different from
what people used to could be a risk in the sense that the public might assign no value to such
measures. "For many people, it sounds like gambling on something that is new, uncommon and
unproven. You know there is that concern in which you start to question what if these buildings
[energy-efficient ones] fail to deliver what they are promising," said an architect. This level of
uncertainty, according to a number of practitioners, is partly driven by the shortage of
demonstration projects and concrete examples on the ground demonstrating the significant
benefits of energy-efficiency measures which in turn could have encouraged stakeholders to
adopt them. "People need to see what these energy-saving measures can really do and perceive
the added value; otherwise, it is difficult to persuade them verbally [...] the better the visibility,
the greater the public awareness, certitude and trust," says an engineer. This could have
shortened the time that energy-efficient designs make their way to be a growing trend within

the industry. Such an impact has started to be noted to some extent in recent years following
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the construction of some of the relatively low-energy housing developments where high quality
windows and thermal insulation were used within the fabric. People reportedly started hearing
from the residents of these housing developments how they consume less energy whether in
winter or in summer while having a relatively pleasant indoor environment. And such features,
according to the interviewees, prompted many people to move and settle in those housing

units.

5.2.5 Lack of environmental education

Additionally to the aforementioned factors, the lack of energy awareness among people from
educators’ point of view is to some extent correlated to the lack of environmental education in
the KRI’s educational institutions. Educators believe that education in the region is not playing
an effective role in nurturing the ecological consciousness and responsibility within the
community. This is besides its failure in strengthening the capacity of the young generations
and reshaping their value systems in such a way that they enthusiastically support the transition
toward an energy-efficient and sustainable built environment and make choices which limit
environmental harm. "Educational institutions should have instilled in each member of the
society the values, attitudes and knowledge needed to catalyse such a transition and secure an
eco-friendly future. But unfortunately these things are almost not given due weight in our
institutions," says an educator. This is why there was a general belief amongst them that it will
probably take at least one generation, with of course some environmental education initiatives,

for this transition to boost and be a nationwide interest.

Understandably, when individuals are not exposed to such knowledge and principles over the
school years and when they are not developing a deep understanding of the impact of energy
consumption on region's economy, environment, and on the energy systems in general, then
the degree to which they respond to such issues and take the required measures would perhaps
be less. Such an influence, according to design professionals, can be noted among clients who
lived and/or took their studies abroad in western countries being more cosmopolitan in their
ideas. They seem to be increasingly passionate about energy saving and most willing to insulate
their homes, especially if they are financially secure enough to do so. "They focus a lot on details
related to the thermal efficiency of the design and comfort aspects and even sometimes they
show you examples of techniques that they have seen abroad and ask you to apply them in the

design of their houses," says an architect.

5.3 Technical complexity and the mainstream construction industry

Technical complexity embodied in designing and constructing low-energy buildings has

emerged as another barrier that could slow down the diffusion of such buildings within the built
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environment. Such a barrier according to a number of interviewees makes parties involved in
design and building phases reluctant to adopt such a detailed approach and reliably fulfil this
transition and as a result lengthen the time that energy-efficient building design makes its way
to be a growing trend within the industry. The interviewees ascribed this primarily to the

following factors:

5.3.1 Technical and environmental knowledge amongst building professionals

The first one is related to the degree to which building professionals are aware of low-energy
design and construction methods which are obviously much more complex and detailed than
the conventional methods they regularly utilise. And thus, they require more rigorous technical
background knowledge, higher levels of thought and holistic understanding of the whole system
including the way measures are put together and work together. And this is seen as a challenge
for the majority of indigenous design and construction teams as they are reportedly not up to
the required standard from a technical and environmental angle and lack the necessary skills.
"We have a shortage of adequate skills. We actually have designers who lack some basic
technical knowledge which architecture students were being taught in the 1970s and 1980s [...]
Does everyone [every design professional] know enough about energy efficiency and how it can
be optimised or even calculated? Does everyone really understand the building physics? Or
does everyone understand for instance how heat transfers into and out of the building and how
that must be controlled? | guess the answer would be NO," a regional planner said. Such a
statement is not surprising; it can be supported by data collected through the earlier
guestionnaire where in one of the questions practitioners were asked to identify the measures
that they use to improve the energy efficiency of a building. And a number were referring to
some poor conventional construction techniques, e.g. external walls built with hollow concrete

blocks, as energy efficiency measures that they normally utilise.

Imagining a widespread adoption of energy-saving measures might be difficult if these key
stakeholders are not very well familiar with and lack the required knowledge and expertise. And
one should not forget their significant influence on construction decisions and choices that
clients make. In this regard, an architect stated: "If | have no strong background on for instance
something like thermal insulation or let’s say airtightness, then when a client requests a design
of course | will not draw his/her attention to such aspects and will unlikely opt for an airtight

and low-energy construction method."

This unfamiliarity and lack of environmental knowledge amongst design teams is believed to be
driven to some extent by the quality of architecture and construction education at KRl's
universities where environmental and technical knowledge is paid no close attention to. Even

though architecture curriculum include technical-based subjects where students gain
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knowledge about building technologies, environmental design and other issues related to
sustainability, these areas of knowledge are generally ignored and are not translated effectively

into practice.

To identify the reason(s) behind that, the researcher interviewed educators across various
architecture schools. The prevailing design and construction trends within the building industry
are found to exert a considerable influence on what architecture students focus on over their
university years. Students reportedly look at the building industry and see what the most
common trends are and the skills and areas of knowledge needed to stay competitive when
they graduate, and thereby place the highest emphasis on that. When students find that what
generally matters for clients are purely aesthetics and visual effects, they keep their focus on
that over their university years. In this regard an educator stated: "If students knew that energy-
efficiency, thermal comfort, functionality of building and these aspects are key requirements
among clients, developers and construction companies, then they will surely give due
consideration to them and build up the necessary skills in accordance to that so that they can

be prepared to practice in the field."

Apart from such an industry influence, educators agreed that in the curriculum there is
compartmentation and a lack of horizontal integration. "Design tutors never ask students in
design studio to consider for example environmental aspects or apply what they learn in
technical subjects. And you can say that the assessment is purely based on how their designs
are architecturally developed," an educator said. Another one pointed out that, "When a
student knows that his/her design will not be downgraded if it is not developed
environmentally, he/she will most likely ignore the environmental aspects.” This is additionally
to the fact that there is a shortage of tutors who know enough about those areas of knowledge
and can confidently inspire students to apply them in their designs and translate them into
practice in the future when they graduate and practice in the industry. "Most of our educators

are not even interested in environmental design and energy saving," a professor said.

In underlining the consequences of such an educational matter on the way architects generally
design and build in the Kurdistan region, a well-known local architect talked about his

experience in the field and stated:

| could be an example; | had worked for several years with a big construction company
where | was involved in designing and constructing many projects where some of them
were very strategic projects like Family Mall [t is a well-known shopping centre in the
region]. And sadly all the work had been without assigning value to their thermal and
energy efficiency. Why? Because my team and | were not aware of these issues. But since
| went abroad and took some courses in sustainable architecture and environmental
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design, my design approach has significantly changed. Now, | find myself guilty of not
thinking of energy performance of all those projects, especially the Family Mall one as it
is @ mega project and energy consumption there is incredibly high. If we were aware of
energy-efficiency measures and their importance at that time, we would have surely

developed a much better design.

5.3.2 The current fee levels

Despite the aforementioned factor, there are designers who have adequate technical and
environmental competency and possess the necessary skills but the potential increase in design
complexity still makes them reluctant to integrate environmental thinking and methods into
the current construction practices. And this is primarily driven by the current fee levels for the
profession discouraging them to make more effort. "It is difficult to make more effort and spend
additional time to ensure the quality and efficiency of a building design when you know it is not
going to be rewarded or appreciated enough. Of course there are clients who give you the kind
of credit that you deserve but they are not too many," an architect said. In general, the amount
of cash that design professionals get for the services they provide, according to the
interviewees, is significantly low. This is when compared to the level of thought and the
incredible amount of time, work and coordination that goes into producing a building design.
Such a fact makes it increasingly hard for those designers to work harder and expend more
effort to push the boundaries of building design and carry out energy and thermal comfort
analysis and calculations to generate well-developed and socio-technically contextualised
measures. "You almost feel like you are not interested or committed to the long-term success

of the building project," an architect said.

In the light of having no mandatory fee scales set by the Kurdistan Engineers Union (KEU), the
fear of losing clients, according to the interviewees, is the key reason those qualified designers
hesitate to raise their rates. In this regard, an architect pointed out that in the KRI the architect
is normally chosen on the basis of how cheap his/her rates are. And he continued by saying: "If
you increase your fee in accordance with the success and considerable value that you add to
projects, most clients will likely go elsewhere to have one of those crude and repetitive designs
at a lower cost." And this fear of losing clients, in turn, drives some of them to turn their backs
on the quality and efficiency of their designs and resort to outdated and less detailed
construction methods which require much less effort and time investment. This is besides

reusing design solutions from previous projects without undertaking major changes.
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5.3.3 The quality of the workforce

Another pressing issue that might pose a particular challenge to the industry in mainstreaming
energy-efficient building practices is the quality of the workforce. Finding qualified construction
trades workers needed to ease this transition within the construction sector, according to the
interviewees, is not an easy task. This is because the KRI's local construction workforce is
generally not involved in any form of systematic formal training; it is either craft skills inherited
from forefathers or gained by trail-and-error. "We actually suffer an increasing informal labour.
We often deal with people like builders, carpenters, craft workers, technicians and installers
who cannot even read construction blueprints. The majority are inadequately educated; they

have entered craft careers with no or low levels of education," an architect said.

The interviewees ascribed this skilled manpower shortage substantially to the lack of skills-
development strategy in the region which in turn could have imparted the necessary knowledge
and skills to the labour force through vocational education and training schemes. There are, in
fact, technical and vocational schools nationwide meant to create strong pathways into the
labour-market, but they are not functioning as good as they should be. In the 1970s and 1980s,
the key construction tradesmen were legally required to undergo formal training at those
schools and prove their credentials for entry into the field of construction. But following the
comprehensive economic sanctions imposed by the UN Security Council against Iraq in 1990,
the government decided to remove such restrictions and let individuals get a foothold within
the construction industry without joining such schools. And this decision, according to the
interviewees, was entirely driven by the economic implications of those sanctions. And since
that time, the country has no robust skills-development strategy and those schools have not
taken the lead in providing the industry with adequately trained labour. This has been resulting
in an increasing informality within the building sector, and in many cases, has led developers
and construction companies to either hire a foreign labour force such as Turkish, Iranian or
Syrian ones or provide some form of on-site practical training to the local workforce, especially
in sizeable projects or if the building design required unusual technical skills. In this regard, an
architect talked about his experience with local labourers and some of the technical issues

which arose in his first attempt to build a super insulated villa in the city of Duhok and stated:

There were some challenging moments during the construction process. The labourers
were actually finding difficulties in dealing with the design of the fabric. So the project
manager and | had to stay there most of the time to oversee their work and guide them.
It was indeed a very time-consuming process [....] One of the problems that | remember
we faced was that after the installation of Rockwool insulation, gypsum board,

wallpapering and all stuff, those were installing the radiant heating system were unable
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to hang the radiators on plasterboard. So we had to undertake rework across the villa and
remove the plasterboard and Rock wool from the wall at different areas and then connect
wall brackets with walls to support radiators and then reinstall the insulation layer,
plasterboard and wallpaper again. And this caused some problems with respect to the

agreed timeline as well as the budget.

This skilled manpower shortage could in one way or another determine how fast energy-
efficient building practices will grow across the region. However, the level of impact may
considerably vary from a city to another owing to the knowledge and skills possessed by the
available workforce. In the capital, for instance, this shortage is reportedly way lower and
practical skills are much more advanced compared to other areas, thanks to the level of urban
growth and real estate investment into the capital. These are alongside the presence of
international experienced contractors and foreign-based construction companies and labour
force there creating a kind of multicultural working environment. And this has notably

contributed to strengthening the skills of the local workforce and building capacities there.

5.4 Discussion and conclusion

Although the key response themes demonstrated above are based on the views of only a group
of stakeholders together with a set of relevant government documents, they give a rich
gualitative context of the mainstream construction culture in the KRl and the overriding factors
that generally shape its nature. This is besides the feasibility of mainstreaming energy-efficient
building practices and the issues surrounding it which were not initially known to the
researcher. And as outlined, the underlying issues that pose challenges to the industry in

mainstreaming such practices revolve mainly around the following areas:

e The additional up-front costs required for implementing energy efficiency measures,

e The level of environmental awareness among KRI people,

e The required policy instruments and government interventions,

e And the technical complexity embodied in designing and constructing low-energy

buildings.

Similar barriers were echoed by other studies undertaken in different countries of the
developing world, e.g. Liu et al. (2010), Abidin (2010), Alkilani and Jupp (2012), Serpell et al.
(2013), Shi et al. (2013), Djokoto et al. (2014), Saleh and Alalouch (2015), Ibrahim et al. (2016)
and Azeem et al. (2017). In a series of qualitative investigations carried out with a group of
Malaysian construction developers, for instance, (Abidin, 2010) found that limited
understanding of sustainable construction practices, cost-related concerns, and poor

enforcement of legislation were the main stumbling blocks discouraging acceptance for such
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practices. These along with lack of policies, legislation and appropriate environmental
assessment tools were likewise regarded as the overriding barriers to the Jordanian
construction industry according to a study conducted by (Alkilani, S. and Jupp, J., 2012). Serpell
et al. (2013) presented similar findings in Chile along with the lack of integrated design impeding
green building practices to become industry-wide. In Shanghai in China, meanwhile, Shi et al.
(2013) found the shortage of information and green suppliers, incremental time and additional
cost to be the key issues there based on a questionnaire survey distributed to the main parties
involved in the building sector. All these barriers along with others could exert a significant
impact on the likelihood of whether a society of the developing world will accept energy-

efficient construction practices.
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Figure 5.15 Socio-technical diagram showing variables associated with mainstreaming low-energy buildings
(author)

Inspired by Wejnert’s work entitled Integrating Models of Diffusion of Innovation: A Conceptual
Framework (Wejnert, 2002), the researcher developed a framework aiming to facilitate the data
analysis and define the potential parameters that need to be considered in adapting energy-
efficient design solutions to the KRI context. The framework assigns the identified factors that
can affect the development and implementation process and the likelihood of adoption to three
different main categories (see Fig. 5.2): The first one involves the characteristics associated with
the low-energy building per se such as the degree of technical disruption and complexity, and
cost. This set of variables is the one that will be involved directly in the design scenarios in a
later chapter. The second category contains those associated with the target population that
energy-efficient building practices will be introduced to, such as personal qualities and value
systems, socio-economic characteristics, status characteristics, and familiarity with low-energy

buildings in general. This set of variables is further investigated in a later chapter through
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gualitative investigations carried out on a sample of households (See chapter 6). The last
category, moreover, includes those related to the environmental context, i.e. the context
surrounding the target population and the built environment, in which some of them are

uncontrollable.

Itis worth mentioning that all these different categories are critical to the research, but the first
one, i.e. the one involving characteristics associated with the low-energy building per se, is given
more priority than others as the variables are involved directly in developing the design and

technical interventions.

5.4.1 Factors related to the low-energy building

5.4.1.1 Cost

The first variable related to the low-energy building per se is the cost. It is clear from the findings
that if such a building approach jeopardise clients' financial viability, the interest in its adoption
in all likelihood would be limited. In fact, the success of a new product/idea and its growth rate
are often linked with how feasible would it be from an economic point of view (Rogers, 2003),
and the debate around adopting energy-efficient construction practices is not independent of
such alink [see e.g. Jakob (2006), Banfi et al. (2008), Pitt et al. (2009), Yudelson (2010), Achtnicht
(2011), Tan et al. (2011), Liu et al. (2012), Hwang and Tan (2012), Dwaikat and Ali (2016), and
Liu et al. (2018)].

There is no question that delivering a building with higher energy performance using advanced
energy-saving solutions applied in some countries of the developed world requires more time
consuming handling. This is in addition to the use of special construction techniques,
components and materials, such as the use of energy efficient windows and appliances, super
thermal insulation, etc. All these in turn tend to add extra direct costs to the total construction
cost. Yet there is no definite answer as to how much increase in the total cost such measures
cause. This is because it relies significantly upon a set of factors, such as the degree of familiarity
of those engaged in the design and construction process with energy efficiency measures, site
conditions, local climate, project location, and building type, which can make a noticeable
difference. This is why a range of estimates can be found across the literature. In their highly
cited cost analysis of 33 green buildings throughout the United States, for instance, Kats et al.
(2003) found the average cost premium to fall within the range of 0.66% to 6.5% depending on
the level of green standard (the higher the level of efficiency, the greater the percentage
increase). In the case of Passivhaus, moreover, a detailed analysis on the economic viability of
passive houses shows that the percentage increase in upfront cost falls within the range of 5%

to 15% (Galvin, 2014). In a more recent study, Shim et al. (2018) estimates that meeting PH
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standards in a single-family house in Korea would require 1.85-4.2% additional up-front costs
compared to a conventional one. However, taking into account the socio-technical context of
Iragi Kurdistan and the fact that the region is still at quite an early stage of introducing the
concept of energy efficiency to the construction sector, one might expect even higher
percentages than those figures. This is especially if similar solutions were to be applied and the

required materials, components and expertise were to be imported.

However, emphasising the initial investment costs in making design and construction decisions
while neglecting running costs is a short-sighted approach which keeps the door open to the
generation of more inefficient buildings. Of course, there are additional costs associated with
the implementation of energy-efficiency measures. But the question here is how significant are
they in comparison to the long-term economic and environmental benefits those measures
generate over building’s life cycle, e.g. the savings that result from the reduction in energy
consumption and lower maintenance, and improved indoor comfort level and quality of life.
Multiple researches examining the economic viability of different energy efficiency upgrades
have shown that these benefits along with others completely offset those additional costs and
provide an implied return on investment [see e.g. Tommerup and Svendsen (2006), Dodoo et
al. (2010), Mata et al. (2013), Fang et al. (2014), Preciado-Pérez and Fotios (2017), Saglam and
Corgnati (2017), and Rakhshan and Friess (2017)].

In a Danish multi-storey property, for instance, Tommerup and Svendsen (2006) carried out
detailed calculations to estimate the potential savings and found that up to 76% reduction in
heating demand can be achieved by installing MVHR, replacing windows and upgrading the U-
value of the building fabric. The potential energy savings of these measures along with others
such as decrease in indoor air temperature to 20 °C and reduction in power used for the
production of hot water [see Mata et al. (2013)] were assessed in another study conducted on
a sample of 1400 buildings across the Swedish residential sector. The study concluded that up
to 53% reduction in the final energy demand, which corresponds to a 63% reduction in
CO2 emissions, can be accomplished by applying the selected measures. In the harsh climate of
Dubai, through an investigation performed on two residential villas of different age, Rakhshan
and Friess (2017) tested the viability of a set of retrofit schemes focusing mainly on improving
the efficiency of fabric and AC system. They found that up to 40% reduction in cooling demand

can be achieved, with the payback period falling within the range of 6.5 to 7.8 years.

As can be noted, it is crucial to not overestimate the costs associated with investing in energy-
efficient buildings and overlook the earnings. But in an environment marked by an economic

downturn and increased levels of poverty and inequality, the question remains as to whether
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their possible benefits can stimulate their adoption and outweigh the higher initial costs

associated with them.

In fact, the investigations have clearly indicated that basic housing needs cannot be met by a
large group of people, who according to a Joint Report performed by the Kurdistan Regional
Statistics Office (KRSO) and the International Organization for Migration (IOM) represent nearly
one third of the target population (see KRSO and IOM, 2018). Their investment capacity is very
limited making the installation of energy-saving measures beyond the bounds of possibility. This
raises the question of what would be necessary to be made to increase the possibility of

delivering low-energy buildings at an affordable cost.

In light of the low manpower costs in the Kurdistan region, limiting expensive and technology-
intensive energy-saving solutions which most likely require imported materials, components
and maybe knowledge transfer would be necessary to meet the unmet demands of such an
income group. Instead, one explores an alternative way and switches into a system that
corresponds to their aspirations, a system that relies mainly upon simple solutions that can be
locally sourced and maybe self-managed, a system that obviates the need for highly skilled
personnel. This is a common building approach amongst environmentally oriented self-builders
and architects in many developing countries (see e.g. Pearson, 1998; Steen et al., 1994; Fathy,
2010; Seyfang, 2010; Ramage et al., 2010; Sameh, 2014) who all demonstrate the possibility to
build with better performance with no need for high-capital investment and sophisticated

technology.

Initiatives of the well-known Arab architect Hassan Fathy in pioneering appropriate technology
for Egypt's construction industry are amongst the examples (Fathy, 2010). Contrary to Western
building layouts, designs and technologies, he brought back the traditional forms supported by
the mud-brick technique, as appropriate technology, into existence. Fathy highlights his
groundbreaking strategies regarding mass housing and documents the forceful efforts to build
a forward-looking village for Egyptian peasants in his most cited work, Architecture for the Poor.
By training local inhabitants, Fathy was able to engage the community in making their own

construction materials and building their own village and rely on insider expertise.

Another example is the community centre of Mathare 3A in Nairobi by a group of students and
researchers, who paid particular attention to adapting traditional techniques and natural
materials to contemporary architecture, from Cambridge University in association with the UN-
Habitat (Gatéo, 2015). The team developed a model of participatory design making the
engagement of the community central to the project. The concept behind this model is

explained by Dr Maximilian Bock who is the project manager; "The aim of participatory design
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is not to change the rich culture that already exists in Mathare, but rather to understand it
deeply enough to design a space that is useful to and reflective of the community." The process
included site visits by the team to make sure that the community members and users' input are
reflected by the preliminary designs. A particular method was used as pointed out by a member
of the team Elizabeth Wagemann, "Using wall charts, pictures, models and coloured stickers,
we were able to find out what residents thought of other community centres, the potential risks
to the hall, how they hoped to use the facility, and what skills they could contribute to
constructing and managing it." The team also provided training to upskill the community
members to be involved in the construction process under the instructions of an onsite engineer
(Gatdo, 2015). In their completed design for a 15x30m building, made out of gabions filled with
local or recycled stone and a floor and roof structure made from bamboo, they have managed
to match what the community had imagined as well as what the complex network of other

stakeholders want (Gatoo, 2015).

Another example of providing shelters with better energy efficiency and thermal comfort to
low-income households through the use of natural and local materials is the work of Bill and
Athena Steen, the founders of The Canelo Project which seeks to enable the community
residents to build their own affordable energy-efficient buildings. In a poor outlying district of
Ciudad Obregon in Mexico, Bill and Athena Steen were invited to contribute in developing its
low-income housing (Seyfang, 2010). At first, in order to learn which materials can be obtained
easily with better performance and lower cost, several small rooms were built. An appropriate
technology that they evolved is a distinctive straw-bale (a waste from agriculture) brick with
adobe plaster to build the houses which are highly insulative, made entirely of local, natural,
cheap materials and are easy to work with (Seyfang, 2010). This led to a broad engagement of
local people, who were simply trained through workshops and training courses, in the
construction phase since neither high-level skills nor special tools were needed. Introducing
straw and clay into the mainstream construction industry instead of materials like cement and
rebar also resulted in saving much cost (Seyfang, 2010). Apart from the financial advantages of
straw-bale buildings, there were environmental ones such as reducing waste and ecological
footprint as well as saving a large amount of energy required for cooling and heating through

having high levels of insulation. Besides, all involved gained a skill base for their future buildings.

Inspired by such precious legacies, the research suggests developing an effective but low-cost
building envelop as an appropriate system aiming to minimise heating and cooling loads to the
absolute minimum while providing higher level of comfort. This is through making maximum

use of locally available materials that are inherently thermally insulating.
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Among the materials that worth looking into are chopped straw and ever-present earth-based
materials — cheap and readily available natural construction materials applied widely by rural
and marginalised communities across the region through different traditional methods (see Fig.
5.3). These materials, in fact, have a rich history not only in the Iraqgi part of Kurdistan but also
in the other parts (see e.g. Smith, 1990; Bekleyen et al., 1998). Their combination provides a
building material of great value and technical ingenuity, and their environmental and economic
importance has been proven worldwide and throughout history (Rael, 2009). All this enables
them to adapt smoothly to the context of modern-day green buildings (Minke, 2012),
something that promoted even some countries of the developed world to renew interest in

such materials.

A group of interviewees has strongly recommended those materials to be considered in
developing technical interventions that are cost-effective and eco-friendly which would likely
present a livelihood potential for the local and motivate ordinary people to utilise their creative
potential. The common practiced method of application was that the mixture was poured and
pressed either manually or mechanically into box-shaped moulds or wooden forms which were
then left in the sunlight to dry and reach the right plasticity and then applied in the construction
of external walls. Some builders used to add a small percentage of cement to the mixture as a
stabiliser. One can either use them in this back-to-basics method or in a more modern way, e.g.
pre-fabricated wall panels system, which would involve a sort of manufacturing process (see
e.g. Gomaa et al., 2019). The latter, however, would likely require additional costs and further
technical preparations, something that may not be convenient for stakeholders at the early
stages. Experimentations will be performed in a later chapter to see the impact of such technical
interventions in offering energy efficiency and thermal comfort and find what would be the

most appropriate way of application and what can be achieved with.

Figure 5.16 Traditional techniques of building with earth-based materials and straw
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In parallel, introducing support programs in the form of subsidies or loans by the KRG would be
central in this context, a policy instrument that is successfully employed in some countries of
the developed world, e.g. Germany, as part of a wider committment to limit the magnitude of
global warming (Galvin, 2010; Anisimova, 2011; Roseno and Galvin, 2013; Shen at al., 2016). To
develop such a support program and estimate the amount of funds needed, however, cost
analysis has to be undertaken within the local context. This is to answer the questions of up to
how much more will the incorporation of energy-saving measures cost in the region, how would
that then relate to people’s income, and how realistic would it be to subsidize that and make it

practical for people with limited investment capacity.

For people with better investment capacity, furthermore, one thing worth looking into is
undertaking adjustments on the way construction is managed especially for those who
prioritise aesthetics above all else and spend a great deal on oversized spaces, high-end finishes
and decorations. Changing the direction of their focus towards energy saving and reducing the
extent of such finishes can easily make even advanced energy efficiency measures within reach

and surely offset the associated costs.

5.4.1.2 Technical complexity

If cost-related issues were addressed, would it be possible for energy-efficient construction
practices from a practical angle to establish themselves as a leading trend across the
construction sector considering the capacity of the existing apparatus and the lack of skills-
development strategy? This will rely heavily upon the degree of complexity of processes
associated with the design and construction of low-energy buildings, how difficult should they
be to understand and implement. Should one introduce highly sophisticated solutions, e.g.
ultra-low energy buildings, requiring substantial changes in the way buildings are designed and

constructed? Or should one go for less complex and gradual efficiency upgrades?

Generally, delivering a building with higher energy performance as indicated earlier requires
not only the use of special construction techniques, components and materials but also a
different knowledge base from what the majority of parties involved in design and building
processes possess. Construction teams would need to perform in a more cooperative and
closely integrated way, while designers would need to pay greater attention to things like solar
gain, insulation, air leakages, thermal bridges, etc. from the very first day (Cotterell, J. and
Dadeby, A., 2012). This change in the way buildings are designed and constructed, according to
the findings, will cause a sort of technical disruption within the industry and will likely present
an issue for the indigenous practitioners and workers who are identified with a limited base of
knowledge and technical capacities. Their skills might no longer be adequate to take part in

such an initiative and make the most of opportunities to achieve a tangible impact unless they
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undergo a transition. This in turn could displace this certain class of workers and might thereby
impede green building practices to become industry-wide, an issue plaguing many worthy
initiatives to mainstream energy-efficient construction practices in other countries [see e.g. Liu
et al. (2010) and Serpell et al. (2013)]. However, the already constructed low-energy buildings
in the KRI (though very limited in number and are non-accredited) as well as the one that is
currently constructed by the researcher (see Appendix E) have demonstrated that the biggest
part of the work could still be performed by skilled individuals from the local design and
construction teams with the use of the available apparatus. They have demonstrated that with
some guidance and some form of on-site practical training at different phases of building
construction, these buildings from a technical perspective can be locally within reach up to a
point. And over time with the increase in the number of low-energy buildings in the KRI, the

skills and experiences will certainly improve and even the cost will likely go down.

However, the concern about the skills shortage remains if those buildings are to become
industry-wide practice —a mass production issue. This is why addressing questions of vocational
and professional education at the national level is central. In this regard, the findings strongly
suggest an upgrade in their skills, whether major or minor, through establishing a robust skills-
development strategy aiming to: driving Higher Education providers (HE providers) to develop
architecture and construction education in a way that can provide the industry with designers
and engineers that have adequate technical and environmental competency; reactivating the
role of existing technical and vocational schools; and making sufficient investments in
introducing systematic programs imparting the necessary knowledge and skills to the labour
force. Increasing their abilities to cope with the changes will thereby result in reducing the

chances of unsuccessful adoption as well as market incertitude.

5.4.2 Factors related to the target population

This category contains characteristics associated with the target population that energy-
efficient building practices will be introduced to, such as personal qualities and value systems,
socio-economic characteristics, status characteristics, and familiarity with low-energy buildings
in general. These are thoroughly investigated in the next two chapters through qualitative

investigations carried out on a sample of households.

5.4.3 Factors related to the environmental context

What does seem clear from the findings is that shifting towards an energy-efficient built
environment will not be independent of the context around, and the situational and contextual
factors of various kinds will determine to a large extent the degree of success and the speed of

this transition. Such a conclusion can also be noted in a number of adoption studies. In his
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analysis of worldwide diffusion of technological innovations, for instance, James (1993) refers
to contextual factors as “externalities” and suggests that they affect the practicality and
benefits of adoption, as well as an adopter's willingness and ability to adopt an innovation.
Therefore, in most cases, externalities have a permissive effect, where their presence or
absence largely determines the decision regarding adoption of an innovation. And similar to
any other product or technological innovation, a building is constructed in a context where

decisions are driven in one way or another by the characteristics of that context.

Among those characteristics is the political conditions of the region in which their impact on
the likelihood of whether stakeholders will support this transition in the built environment
appear to be unquestionable. This is generally consistent with researches concerned with
factors driving adoption decisions [see e.g. Frost and Egri (1990), Mirza et al. (2009), Wisdom et
al. (2014) and Shah et al. (2019)] placing a particular emphasis on the impact of political

conditions on adoption.

From the results, it is very clear that the political conditions in Iragi Kurdistan have not been
supportive in making energy efficiency in general a nationwide interest. This is observed at two
key dimensions which are: the political climate of the region as well as the norms and
regulations existing within the legislative framework which determine the behaviour and
decisions of the target population including clients, design professionals, construction
practitioners and real estate developers. The former is deeply unstable and divided causing
public distrust in the state and encourage short-termism, an endemic problem that is difficult
to change, and the latter is not established in favour of energy efficiency and sustainability.
Given these facts, with the exception of only a limited number of buildings, the extent of usage
of energy-efficient construction practices seems unlikely to increase unless they receive
political support on a much larger scale. With a proper legislative move and government
interventions such as establishing and enforcing the Regional Building Regulation and its
annexed building codes including energy efficiency code, there is a huge opportunity to make
energy efficiency a nationwide interest in response to such a regulatory pressure. This is even

despite the very fractious and unstable political climate that is currently in place.

This has been shown by prior studies worldwide emphasising the role of policy interventions in
accelerating the transition towards energy-efficient practices [see e.g. Hirst and Brown (1990),
Newell et al. (1999), Santin (2010), Mills and Schleich (2014), and Schleich et al. (2016)]. In their
analysis of factors associated with German households’ decision of replacing old incandescent
lamps with more energy-efficient lighting technologies, for example, Mills and Schleich (2014)
found that the replacement decision was strongly driven by the EU ban on incandescent lamps.

Newell et al. (1999) in their paper entitled THE INDUCED INNOVATION HYPOTHESIS AND
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ENERGY-SAVING TECHNOLOGICAL, found that the interest in energy efficiency grow faster
when energy prices rise. This is also reflected within our findings underlining the influence of
recent policy reforms with respect to energy pricing on design and construction decisions and

stakeholders’ views concerning energy consumption.

In view of these barriers in line with various innovation models and technology diffusion
theories [see e.g. Rogers (2003), Wejnert (2002), Cooper (1999) and Balachandra and Friar
(1997)], one could imagine how challenging the task would be for the KRI to manage a
widespread adoption of low-energy buildings and bring the stakeholders on board. This is owing
to the fact that some of the key determinants which lead to success in developing and
introducing a new product, technology, idea, or practice to a market are hardly in place. These
include but not limited to the elements associated with the innovation itself and those related
to the target population and their environmental context, such as regulatory support and public
interest in energy saving, etc. [further factors can be found in Montalvo (2008) and De Medeiros
et al. (2014)]. This in turn can cause failure in triggering the public to invest in low-energy

buildings and thereby hold back the adoption process and speed of diffusion.

To make certain that adoption will take place widely, Frost and Egri (1990) believe that having
a good system, product or idea is generally insufficient. Removing those potential constraints
must therefore be a key target, if the developed energy-saving measures are to take a firm root
and gain momentum and success in the marketplace. Otherwise, their introduction would run
into difficulties in terms of acceptability and would likely face strong resistance from the target
population. Relieving the outlined barriers is however not a five-finger exercise as they explicitly
take us beyond the building scale and what a research team can have control over. They involve
political questions as well as issues related to education and culture which have to be addressed
in the long-term through a strategic alliance with collective efforts from all key players across

the building sector and beyond.
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Chapter 6

Case studies

6.1 Overview

Assessing energy and thermal performance and understanding the nature of the architectural
fabric, and role of technology and occupants’ behaviour in a sample of dwellings are among the
objectives of this research. This is to generate inputs, e.g. technical parameters, to the
development of computer-based models and the establishment of contextual and optimal
upgrading strategies for the building fabric across the residential sector. This chapter introduces
the selected dwellings while the next chapter presents the investigations and analyses the

collected data to fulfil the objective.

This chapter provides descriptions, e.g. physical attributes and household information, of four
case studies where each one represents a socioeconomically distinct group of households (see
Fig. 6.1). The first and second group, according to KRSO and IOM (2018), account for nearly 28%
and 22% of the population respectively in which the former group has a monthly income of
250,000 — 500,000 Iraqgi Dinars (IQD) whilst the latter earns between 750,000 — 1,000,000 IQD.
Households belonging to the former category are more likely to live in small and substandard
houses where access to cooling and heating is very limited leading to poor indoor thermal
conditions. On the other hand, the third and fourth group account for nearly 0.9% and 0.2% of
the population respectively in which the former group earns between 2,000,000 — 3,000,000
IQD whereas the latter has a monthly income over 5,000,000 IQD (see section 3.3.1.3 for full

details about the sampling process).
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Figure 6.17 The distribution of households based on the categories of the average monthly income, and the selected
groups for the research [adapted from KRSO and IOM, 2018]
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The dwellings range from one-storey to two-storey buildings covering a range of floor areas
(see Fig. 6.2). With the exception of the first, which was built in the 1970s, the samples were
constructed after 2004 (see Table 6.1). Full information about each one of them, including the
household information and construction associated details, is presented in detail later in this

chapter.

Case study 3 ' Case study 4

Figure 6.18 Exterior views of the examined houses (author)

Like the vast majority of residential units in Iraqgi Kurdistan, the four dwellings rely on two
sources of electricity supply which are the national grid and a shared generator (or a small
station) operating at neighbourhood level. The first is considered as the main electricity source
and is highly dependent on governmental support. However, owing to extreme strain on its
capacities as a result of increased demand, mismanagement, and some other major barriers
explained in the background chapter, households often experience power failure throughout
the day. In 2018, for instance, the average electricity supply through the national grid in the city
of Duhok was limited to nearly 13 hours per day (General Directorate of Duhok Electricity,
2018). This creates difficulties for the majority of households to keep their homes at the right
temperatures during both cooling and heating seasons. The second, which is privately owned,
is used to fill some of the electricity supply gap that is experienced. However, it supplies
electricity at considerably higher prices (1 USD per 4 kWh) creating a major stumbling block to
many households across the region in operating heating and cooling technologies when

necessary. Additionally to the aforementioned sources, each household receives from the
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government through a subsidy programme 200 to 400 litres of kerosene as a mean of heating
every year at a minimal charge of $0.16 for a litre. In most cases, however, such an amount
does not suffice their need. In terms of cooking fuel, like the majority of households in the
region, all case studies rely on liquefied petroleum gas (LPG) which is sold in the market in steel
cylinders. Those energy sources alongside the energy-related challenges that the region faces

are highlighted in an earlier chapter.

Table 6.6 A summary of characteristics of the examined case studies (author)

Case study 1 Case study 2 Case study 3 Case study 4
Completion 1974 2016 2005 2008
Location Duhok, KRI Chaman, KRl Duhok, KRI Erbil, KRI
House Type One-storey, Two-storey, Three-storey, Two-storey,
detached stand-alone attached detached
Floor area 98 m? 143 m? 215 m? 253 m?
Utilised floor 76 m? 122 m? 120 m? 169 m?
area
ceiling height 2.8m 2.8m 3m 29m
Roof type Concrete flat roof | Concrete flat roof | Concrete flat roof | double-roof system:
and lightweight flat reinforced
metal hipped roof concrete roof
coupled with a
pitched lightweight
metal tile roof
External wall Cement plaster, Cement plaster, Cement plaster, Limestone, hollow
materials solid concrete solid concrete solid concrete bricks, gypsum
blocks, cement blocks, gypsum blocks, gypsum plaster
plaster plaster plaster
Roof’s U-value 3.8 W/m2K 2.1 W/mK (flat 3.3 W/m2K 1.3 W/m3K
roof) and 2.7
W/m2K (hipped
roof)
External walls’ 2.8 W/m?K 2.6 W/m2K 2.6 W/m2K 1.43 W/m?K
U-value
Window type All window All window Aluminium Sliding windows,
openings are old, | openings are PVC | framed and single | aluminium framed
steel framed and framed and glazed and double glazed
single glazed double glazed
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6.2 Case study 1: A low-income household

The first case is a residential unit that represents low-income households that cannot afford to
keep their indoor environment at the right temperatures neither in summer nor in winter, i.e.
households living in fuel poverty. These are the households that when summer and winter
approach, they struggle to have sufficient access to cooling and heating and get anywhere near
meeting reasonable standard of thermal comfort. And if they do so and maintain it, their
remaining income will not be sufficient to maintain access to some basic human needs. Across
the region, formal requests were made to several households in low-income neighbourhoods
that correspond to the research focus. In one of the oldest neighbourhoods of Duhok city, Iraqi
Kurdistan (36.8° N, 42.9° E), called Gre Base, a detached house of nearly 44 years of age was

chosen as a first case study (see Fig. 6.3).

Figure 6.19 The map of Central Duhok showing the location of the house (adapted from Apple Maps) with a
view of the house

6.2.1 House information

It is a one-storey self-build and detached house, built in the 1970s for a low-income household.
The building incorporates two bedrooms, a kitchen, living room, bathroom, toilet, and staircase
leading to the rooftop (see Fig. 6.4). It also has a small basement (3.6m by 4m) basement which

is rarely used for storage. One of the bedrooms, i.e. the south-facing one, is used as a storage
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space which will be discussed in a later section. The unit has a floor area of approximately 98
m? (only 76 m? are regularly utilised), and a ceiling height of 2.8 m. For security and privacy
reasons, the house is surrounded by high solid concrete walls (see Fig. 6.5). This wall, alongside

the existing vegetation, including grapevine, pomegranate, loquat, fig, lemon and orange trees
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Figure 6.20 Ground floor plan (left) and views of the occupied bedroom and living room (author) (Note: the shaded
bedroom is the one that is used as a storage space)

Figure 6.21 Section A-

(see Fig. 6.6), work as external shading preventing solar gains through the window openings
that exist all around the house. In the meantime, the roof has no much tree cover with the
exception of only a few branches hanging over allowing too much sunlight exposure (see Fig.
6.7). The windows of both the living room and occupied bedroom are equipped with curtains
which are manually operated. At the very outset, the house was naturally ventilated, but
afterwards, both living room and occupied bedroom were fitted with three mechanical controls

which are a split-type air conditioner (in recent years), an air-cooler and a ceiling fan (see Fig.
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6.4). Besides that, there were two portable kerosene heaters and an electric one which all are
stored in the basement and moved to the ground floor when the heating season starts.
However, the operation opportunities of all those equipment are correlated with various
factors which will be discussed in a later section. In terms of power supply and like other
households of the city, the electricity is supplied from the national grid as well as a shared
generator operating at neighbourhood level which is used to fill some of the electricity supply

gap that is experienced with the public network throughout the day.

Figure 6.22 Vegetation around the house (author)

July 15, 08:00 am July 15, 12:00 pm July 15, 16:00 pm

Figure 6.23 A computer-based model of the house showing sunlight on the roof at different times of a typical
summer day (author) (Note: the model does not include the existing vegetation around the house)
Poor envelope conditions are clearly observed, and the entire building envelope has insufficient
thermal insulation. This influences the thermal performance of the building and thus influencing
the thermal behaviour of the occupants. The main construction material used in the house is
concrete. The floor is made of concrete and is in direct contact with the ground below. For
external and internal walls, solid concrete blocks were used and plastered with cement mortar,
and the flat roof is built of reinforced concrete. Hence, both roof and external walls have high
U-value which are around 3.8 W/m?K and 2.8 W/m?K respectively. All window openings were
old, steel framed and single glazed. Air-infiltration is significant, occurring around and through
the openings. To seal gaps, avoid leaks and reduce air-infiltration, packing tape was used around
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the frames (see Fig. 6.8). It is worth mentioning that in late November 2018 and prior to
conducting the winter's fieldwork, the living room was partially renovated by a charity donor
and its old steel windows were replaced with new PVC framed ones. This will be explained

further in section 7.2.2.

Outside o v' Inside

Figure 6.24 The quality of the north-facing window of the living room (author)

6.2.2 Household information

A family of two (a 62-year-old housewife with her adult son) lives in the house. Their average
monthly income is around 300-350 USD and thereby adapting to conditions below the level of
what would commonly be considered a “normal” lifestyle. They adapt to conditions where they
use environmental control technologies in a very restricted manner and in certain areas at
certain times to avoid financial burdens despite experiencing unpleasant indoor thermal
conditions. Six days a week (08:30 am to 05:00 pm), the son works away from home, while the
lady, who is from a farming background, spends most of her time at home taking care of the

house and the vegetation around. On Fridays, they often spend daytime hours in their village.

6.3 Case study 2: A working-class household

The second case is a residential unit that represents working-class households with a monthly
income of 750,000 — 1,000,000 Iraqgi Dinars (IQD). As indicated earlier, this income group
account for nearly 22% of the KRI’s population. Across the region, formal requests were made
to several households that belong to such an income group and correspond to the research
focus. In a village located on the outskirts of Duhok city, Iraqgi Kurdistan (36.8° N, 43.2° E), called
Chaman, a stand-alone house of less than three years of age was chosen as a second case study

(see Fig. 6.9).
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Figure 6.25 The map of Duhok City showing the location of the house (source: apple maps) with a view of the
house

6.3.1 House information

It is a two-storey self-build and stand-alone house constructed in 2016 for a working-class
household. The building has a floor area of approximately 143 m?, and a ceiling height of 2.8 m.
The ground floor incorporates a guestroom that has access from the entrance for privacy
reasons, open plan living area with dining and staircase that is decorated with indoor plants,
semi-open kitchen, bedroom, bathroom, and toilet (see Fig. 6.10), while the first floor
accommodates only the children’s bedroom (see Fig. 6.11). The ground floor is provided with
large south-west facing casement windows, mainly in the combined living and dining area and
the guest room which is used occasionally over the summer period, when having guests. Despite
having an overhang eave that is not deep enough to protect the facades, the building envelope
is widely exposed to solar radiations, and the south-west facing windows are highly prone to
receive direct sunlight during the summer period due to the lack of obstructions, e.g. adjacent
buildings, trees, effective external shading devices and etc. For that reason, all windows were
provided with internal roller blinds. The building is not free-running as mechanical controls are
operated during the cooling and heating seasons to modify the indoor environment. Each space
on the ground floor is fitted with a ceiling fan. And in addition to that, the open plan living area

is equipped with a floor standing air conditioner and a portable evaporative cooler, which was
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installed indoors. The ground floor bedroom is supplemented with a wall-mounted split air
conditioner as well as a window-mounted evaporative air cooler, while the bedroom upstairs is
only fitted with a portable pedestal fan. However, the level of climatic control through these
technologies is robustly contingent on a number of factors as described further below. In terms
of electricity supply and like the first case study, it is provided by either the national grid or a

shared generator operating at neighbourhood level.
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The building fabric is characterised by poor thermal properties such as critical thermal bridges.
The construction elements were mainly built of concrete except for the hipped roof that covers
the first floor constructed with lightweight metal roofing tiles which have a very high thermal
conductivity. Solid concrete blocks and reinforced concrete were used for walls and the flat roof
respectively. The external walls (see Fig. 6.12) were only rendered with cement plaster (from
outside) and gypsum plaster (from inside) with no insulation layer resulting in a high U-value,

i.e. 2.6W/m2K, which substantially influences the building's energy and thermal performance,
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whereas the internal ones were rendered either by gypsum plaster or ceramic tiles such as in
the kitchen and bathroom. Despite having plasterboard suspended ceiling on both floors, the
roof U-values present high figures which are 2.1 W/m?K (flat roof) and 2.7 W/m?K (hipped roof).
Moreover, with no doubt, the quality of windows is much better than the previous case study

as all are PVC framed and double glazed with 4 mm glass.

——— Cement plaster

Concrete block

Gypsum plaster

Figure 6.28 Section A-A with construction details of an external wall (author)

6.3.2 Household information

A working-class family of five (young parents with three children) lives in the house. Their
average monthly income is around 700 USD and thereby striving to climb the social ladder and
achieve standards of normality. Five days a week (08:00 am to 06:00 pm), the householder who
is a full-time technician works in the construction sector away from home, while the wife stays
at home with her little child. On normal school days, the other two children go to school. Both
seem to be unhappy with the current house they are living in due to the dirt roads around the

area causing difficulties for them on rainy days when going to school or playing outside.

6.4 Case study 3: A middle-class household

The third case is a residential unit that represents middle-class households. Across the region,
formal requests were made to several households that belong to such an income group and
correspond to the research focus. In one of the central neighbourhoods of Duhok city, Iraqi
Kurdistan (36.8° N, 42.29° E), an attached house of nearly 15 years of age was examined as a

third case study in this research (see Fig. 6.13).
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Figure 6.29 The map of Central Duhok showing the location of the house (source: apple maps) with a view of
the house

6.4.1 House information
It is a two-storey self-build unit elevated a full storey above the ground level to be used as a
storage and parking area, and this has been a widespread approach for self-build dwellings
throughout the region over the last two decades, particularly among middle-class and upper-
class households. The unit is set over a plot (10m by 20m) where the south-west longer side
and north-west shorter side are attached to a two-storey and a three-storey dwelling
respectively, whereas the other longer side is adjacent to a plot of land which has not been built

yet.

On the ground level, there is a stairway leading to the patio on the first floor which is set back
from the perimeter wall around 6 meters allowing some space for the front yard. Alongside the
front yard, the first floor incorporates a guest room that has access from the entrance, kitchen,
large living area with helical staircase, bedroom, bathroom and toilet, while the top floor
consists of three bedrooms, two front balconies, bathroom and a utility room (see Fig. 6.14).
Part of the living space where the curved staircase situated has a double-height ceiling
connected to the roof space where the hot air accumulates and flows out via outlets and an
extractor fan, which was inoperable over the monitoring period due to a technical fault. The

front four south-east facing rooms, i.e. kitchen, guest room and two bedrooms, rely on large
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casement windows for daylight and ventilation (if necessary) where all are equipped with
curtains. Meanwhile, the living space counts on a series of vertical windows, where most of
them are fixed and frosted glazed, within the curved staircase wall extended to the roof space.
Despite being attached to a two-storey building from that side, i.e. south-west side, there is an
air shaft which those vertical windows overlook allowing sunlight and some fresh air to be
introduced, and also the adjoining building is one storey lower, thereby not entirely blocking
sunlight from getting into the living area especially in summer when the solar altitude is high.
Meanwhile, the rear bedroom has a window overlooking another air shaft (3m by 1.4m) which
has been covered with a canopy to be used as a storage area which makes ventilation and

daylight an issue in the bedroom.
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Additionally to the ceiling fans being available in all spaces excluding the bathrooms and utility
room, active cooling technologies are operated in both storeys (see Fig. 6.14). For instance, the
first floor is supplemented with two wall-mounted split air conditioners (one in the guest room
and one in the rear bedroom) and a window-mounted evaporative air cooler located in the air
shaft serving the open plan living area. On the top floor, moreover, the master bedroom, where
the young couple together with their children sleep there, has a wall-mounted split air
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conditioner as well as an evaporative air cooler; the other front bedroom relies on a split air
conditioner, whereas the rear bedroom has no access to cooling technologies. However, their
availability does not signify that all together were in use and active — two of the air conditioners,
i.e. the ones in the 1°-floor bedroom and 2"-floor master bedroom, had been suffering a
mechanical breakdown over the field work period preventing their operation. In addition to the
cooling equipment, there were a number of kerosene heaters as well as an electric heater which
are kept in the utility room and distributed over the living spaces when heating season starts.
Despite their existence, the level of climatic control through those technologies was robustly

contingent on a number of factors as described further below.

The building fabric possesses similar characteristics to those of previous case studies, where
poor thermal properties of the envelope being a critical issue influencing the indoor thermal
environment. As observed, the construction elements were mainly built of concrete; solid
concrete blocks and reinforced concrete were used for walls and the flat roof respectively. The
external walls were rendered with cement plaster on the outside and gypsum plaster (from
inside) with no insulation layer resulting in a high U-value, i.e. 2.6W/m?K, which substantially
influences the building's energy and thermal performance, whereas the internal ones were
rendered either by gypsum plaster or ceramic tiles such as in the kitchen and bathroom. The
roof U-value generally presents a high figure, i.e. 3.3 W/mZK, and the plasterboard suspended
ceiling is only available in the front bedrooms resulting in a relatively lower roof U-value, i.e.
2.1 W/m>3K. Furthermore, all window openings besides the kitchen door, i.e. the one leading to
inside, were aluminium framed and single glazed with no thermal barrier; the main entrance
door is made of solid wood while the kitchen door is made of aluminium and glass. The floor is

in contact with the ground and consists of concrete, screed, and ceramic tiles.

6.4.2 Household information

A middle-class extended family of eight, where parents live with a married son, his wife and two
children (6- and 7-year-olds), together with an adult son and daughter, occupies the house in
which their average monthly income is around 3,000,000 IQD. Six days a week (08:00 am to
06:00 pm), the householder and his married son do stay away from home for work, and the
daughter-in-law, who is a primary school teacher, with her two children go to school five days
a week (08:00 am to 01:00 pm). The daughter, who is a medical doctor, works two 24-hour
shifts a week at one of the hospitals; the unmarried son who has recently completed his
undergraduate study also work six days a week (01:00 pm to 08:00 pm), whereas their mom is
a housewife spending most of her time at home. It is worth mentioning that the family had
experienced the countryside life for years before moving to this house in 2005, and the impact

of this factor on their thermal behaviours will be explained further below.
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6.5 Case study 4: An upper-class household

This case study is a dwelling that represents the income group that has a monthly earning above
5,000,000 Iraqi Dinars (1QD), the level that lets the households have access to air-conditioning
round-the-clock. Across the region, formal requests were made to several households in new
housing estates that correspond to the research focus. Among those, there was one of the new
and well-known gated communities of the capital Erbil (36.19° N, 43.96° E) named English
Village that has an urban form unusual for the KRI, a very western model of housing
development. It contains 420 residential units which all are identical and built by a local
developer in collaboration with a UK property developer. In this gated community, few
households agreed to take part in the study; a detached house of nearly 12 years of age was

then chosen as a fourth case study (see Fig. 6.16).

Figure 6.31 The map of Erbil city showing where English village is located (bottom) [source: apple maps]. And an
aerial view of the village (top) [source: https.//www.youtube.com/watch?v=jsEpXleSGDQ]

6.5.1 House information

The house is a two-storey unit with a floor area of approximately 235 m?, and a ceiling height
of 2.9 m. The ground floor incorporates an open plan living area with dining, staircase, semi-

open kitchen, en suite bedroom, and toilet alongside an entrance which is connected to the
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Figure 6.32 The site plan of the English village showing the location of the selected dwellings (source: apple maps)
with an aerial and front views of the house

garage, while the top floor consists of four bedrooms, two balconies, storage, and a bathroom
(see Fig. 6.17). The ground floor is used primarily and since the house is oversized for such a
small family, i.e. a family of three members, only one bedroom is used on the first floor, and
the rest are unoccupied. Both floors were provided with sliding windows all around the house
where some of them are floor-to-ceiling windows, mainly in the combined living area with

dining and those overlooking the balconies on the first floor.

The presence of neighbouring houses from SW, NW and NE directions makes the windows,
especially the ground floor ones except those in the front SE facade, less prone to receive direct
sunlight. For privacy and protection against sun rays, however, all windows were equipped with
curtains which are manually operated. To modify the indoor environment, furthermore, the
house is fitted with a combination of cooling and ventilation technologies. Additionally to a
pedestal fan, for example, the open plan living area is equipped with two wall-mounted split air
conditioners (the capacity of each one is 27000 BTU/hr) and supplemented with a window-
mounted evaporative air cooler. The kitchen area relies on a wall-mounted fan besides an
extractor fan, while both occupied bedrooms are fitted with pedestal fans and wall-mounted
air conditioners (see Fig. 6.17), one for each bedroom with the capacity of 18000 BTU/hr.
Moreover, the first-floor corridor is fitted with an evaporative air cooler which is located on the
flat roof beneath the corrugated one and supplies cool air to the corridor through the roof vent
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(see Fig. 6.18). Furthermore, the unoccupied bedrooms are also provided with air-conditioners,

even though they are not in use.
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The building fabric is characterised by relatively better thermal properties than those that exist
in the previous case studies. Fortunately, the construction associated details were accessible as
a few similar units in the residential development were under construction at different
construction phases which helped the researcher to observe and document the relevant details.
The most notable construction techniques that were found in this case study which distinguish
it from the previous ones are brickwork and double-roof system. Hollow bricks (240 mm) and
reinforced concrete were mainly used for walls and slabs respectively. The external walls were
rendered with 20 mm of limestone on the outside and 30 mm of gypsum plaster (from inside)
with no insulation layer resulting in a U-value of 1.43 W/m?K, whereas the internal ones were
rendered by gypsum plaster on both sides except those in the bathroom and toilet where
ceramic tiles were used for rendering. For aesthetic reasons, the flat reinforced concrete roof
is coupled with a ventilated pitched lightweight metal tile roof, which is highly conductive, from
outside and a plasterboard suspended ceiling from inside resulting in a U-value of 1.3 W/m?K.
This is of course with taking into account the R-value of the cavity that exists between the three
elements. This type of roof construction has been increasingly adopted in recent years all over
the region, especially in the newly built housing estates. Moreover, the floor is composed of
wood flooring, screed and concrete and is attached to the ground with no insulation layer in
between. In terms of the quality of sliding windows, all were aluminium framed and double

glazed.

6.5.2 Household information

An upper middle-class family of three (a man who is in his 50s with his two wives) occupy the
house. They live in conditions being economically superior to those of previous households.
Their average monthly income is around 4000-4500 USD, and they seek to live an organic
lifestyle. English village was an enticing place for the household, and despite being bigger than
their needs, they purchased the dwelling and moved to this gated community aiming to have
amenities, e.g. 24/7 power access, the security element, spacious rooms and etc. which were
lacking in their old neighbourhood. The family generally looks contented with the dwelling given
that it fits their lifestyle, although they do not look very delighted with the increased amount
of vehicles on the streets which resulted after some homeowners started leasing their houses

to companies giving rise to unpleasant traffic.

Five days a week (08:00 am to 05:00 pm), the householder who is a civil engineer works away
from home, whereas both wives are housewives spending most of their time at home. Usually,
on weekends, they spend time with their relatives and enjoy nature in a resort town called

‘Shaqglawa’ located 51km from the capital.
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6.6 Summary

Four case study dwellings have been presented in this chapter in which each one represents a
distinct income group (ranging from low-income to upper-income household): two are located
in the city of Duhok, one in Chaman, and one in the capital Erbil. These were selected for the
purpose of undertaking assessments on their energy and thermal performance and the nature
of their architectural fabric, the role of technology and occupants’ behaviour, a key objective of
this research. The dwellings ranged from one-storey to two-storey buildings and covered a
range of floor areas. All rely on the national grid and a shared generator as sources of electricity
supply. Despite the apparent differences in their socioeconomic status and quality of their
houses, insufficient thermal insulation is a common feature that their buildings are
characterised by. High U-values are common across their buildings’ fabric. The next chapter will
present the summertime and wintertime investigations undertaken in these dwellings along

with their analysis.
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Chapter 7

Energy performance and indoor thermal conditions of the selected houses

7.1 Overview

Following the introduction of the case studies, this chapter provides a rigorous evaluation of
their energy performance and indoor thermal conditions over both summertime and
wintertime. This is besides examining occupants’ personal knowledge of the building’s thermal
behaviour and measures by which comfort can be improved. As thoroughly presented in section
3.3.1.3, the data collection process relied on a close coupling of qualitative and quantitative
investigations. This is through employing a combination of in situ measurements, observations,
and in-depth interviews capturing inhabitants’ behavioural control actions with respect to the

performance of their dwellings.

In the next sext sections, the investigations from all case studies are presented individually
followed by a conclusion where key findings are highlighted to be used later in developing the
modelling scenarios. It is worth noting that wintertime investigations were only undertaken in
the first and fourth case study that represent the opposite ends of the socioeconomic spectrum.
One of the reasons is that in early October the household of case study 2 moved to another
area and left the house unoccupied. Therefore, the researcher found it pointless to carry on the
investigation in an unoccupied house where there will be missing parameters affecting the

accuracy of the findings.

7.2 Case study 1: A low-income household
7.2.1 Findings — cooling season

7.2.1.1 Adaptive behaviour and attitude

A semi-structured interview was carried out with the housewife on August 17, 2018, at her
residence discussing their behavioural pattern in coping with summer temperatures and their
energy-related behaviour. It was found that a range of behavioural control actions were being
taken by the inhabitants to cope with the summer heat. These practices varied from personal
adjustments, i.e. those associated with the human body, to building adjustments. Most of them
were manually administrated. The former included activities like: staying away from any source
of heat, drinking cold water, dampening clothes, taking cold showers and sitting or lying on the
screed floor. On the other hand, the latter involved: removing carpets before summer starts,

switching on the split-type air conditioners, using ceiling fans, sprinkling the roof and vegetation
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around the house from time to time throughout the day, washing the screed floor and
opening/closing doors (including the entrance door). Such adaptations were also noted by other
studies (see e.g. Nicol and Humphreys, 1998; Baker and Standeven, 1996; Wong et al., 2002;
Indraganti, 2010; Langevin et al., 2013; Soebarto and Bennetts, 2014 and Moore et al., 2017).

A/C unit \
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seal for cool
retention

A/C unit

Figure 7.35 The environmental adjustments while A/C is on (author)

However, the source of power supply, economic affordability, social motive and the envelope
quality were found to be the most influential factors affecting their thermal interactions with
the environment. For instance, their behaviour was found to be changing with the available
source of electricity supply. The operation hours of air conditioners were correlated to the
availability of power from the national grid. The household used to close the doors (see Fig. 7.1)
and leave the air conditioners on at the lowest possible temperature setting whenever power
was supplied from the public network, and such habit was formed by low electricity prices that
the national grid has offered over many years. In this regard, the housewife stated: “Nobody is
using the bedroom over the day, but the reason why | leave it [the air conditioner] on is that |
store some food there, and energy from public network is cheap; it does not cost me a lot, so |

leave it on.”

The effectiveness and easiness of running A/C might also have instigated such behaviour since
an occupant just needs a fingertip on the gadget to cool the indoor environment. Nevertheless,
frequent power breakdowns that are experienced with the public network hinder the
continuous running of split-type air conditioners in spite of having an alternative energy source,
i.e. private generator at the neighbourhood level, which unlike the national grid supplies
electricity at considerably higher prices, which prevents the household from operating their A/C
units. Data recorded by the installed smart meters shows that the energy consumption over the
monitoring period via the private generator is about one tenth (i.e. 1.7 kWh/m?) of the amount
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consumed with the public network. In this regard, she stated: "We cannot switch on A/C to
adjust the thermal environment while we have electricity from the neighbourhood generator
because it costs a lot and we cannot spend most of our income on that even though we want
it." This could be a clear indication of how ease-of-use is prevented by the economy.
Accordingly, the occupants resort to the other personal and environmental adjustments that
are stated above to overcome thermal discomfort when that is a restriction. Particularly, the
chance of operating ceiling fans (see Fig. 7.2), to create a downdraft, accompanied by some
humidification techniques, e.g. taking cold showers, dampening cloths or washing the floor, is
very high and their role is believed to be important in alleviating discomfort from the heat.
Alongside that, a platter full of plastic cups of frozen water was observed in the living room
indicating the continual drink of cold water. She commented on that by saying: "Since | drink
cold water a lot during hot periods [when A/C goes off], | bring several cups of ice water together
from time to time to avoid going to the warm kitchen where the refrigerator is located for as

long as possible."

Hot air rises into
the roof space

Doors are left open
promoting natural
ventilation

Figure 7.36 Part of the environmental adjustments at free-running mode (author)

The poor fabric conditions continued to impact their thermal behaviour. Due to the severe
indoor conditions caused by heat flux through the fabric, for instance, the family decided to use
the least uncomfortable spaces, thus converting the south-facing bedroom into a storage area.
Furthermore, since indoor thermal conditions were further exacerbated by heat gains through
the non-insulated exposed roof, the garden hose was being taken to the housetop in the late
morning with leaving the faucet on for few hours to reduce that (see Fig. 7.3). This was, in fact,
a longstanding cultural practice in the region (Abdulkareem, 2016). This behaviour also
promoted evaporative cooling to occur around the house. While the researcher was filming this
behaviour, the housewife, who had been living in a stone house in the village before moving to
this house, commented on this action by saying: "My mom used to do the same at the time [....]

when | don't do that, we feel excessive heat coming down through the roof."
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Figure 7.37 The garden hose taken to the rooftop to reduce heat gains through the roof and promote evaporative
cooling around the house (author)

Figure 7.38 The way the household deals with air leaks through the bottom of the doors (author)

In addition, a thick cloth was used as a door bottom seal for cool retention in the occupied
rooms, especially when A/C was running (see Fig. 7.4). Despite the existence of openable
windows in the examined rooms, adhesive tape was used around the frames to seal gaps and
avoid leaks, and this impeded the occupants from opening them when they need to. The
researcher also noticed a few cracked window panes which were covered by packing tape
without being replaced. In this respect, when the lady was asked to identify the worst building

attribute, she stated:

There are many which | am sure that you [the researcher] have already observed, but the
worst one is air infiltration especially through windows. Sometimes, you can clearly hear

the sounds of drafts coming through especially during windy conditions. And as you [the
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researcher] see, | used sealing tape (adhesive tape) to prevent that, but it is not very

effective.”

Apart from that, the impression the lady gave the researcher was that their decision of using
certain thermal control devices was partly influenced by non-thermal factors. In response to
the social presentation of the home, the existing air-coolers were no longer used despite their
significant role in respect to thermal comfort and energy saving. Despite their low and very
limited income, the household felt obliged to install A/C units as an indication to relatives and
neighbours of their social status. This clearly shows how a certain environmental control could
be status-enhancing in that society rather than a thermal requirement. This is highlighted

through the following illustrative quote:

We had used air coolers for years and they were good enough for us, but most of the
people around us, | mean our relatives, started using air-conditioners instead of air coolers
over the last years. And | don't know how to explain this to you, but my son was
embarrassed and he kept pressing me to follow them and adopt A/C in our home in spite

of having no money for that. So you can say it was a result of social influence.

7.2.1.2 Physical measurements

To gain an understanding of the environmental conditions to which occupants were exposed,
over the period of four weeks starting from July 25 to August 22, 2018, data collection of the
outdoor and indoor thermal environment was carried out. It focused on the living room (16m?)
and main bedroom (17.5m?) (see Fig. 7.5). Owing to the limited numbers of monitoring devices,

indoor measurements were not taken in the other areas, e.g. kitchen and corridor.
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Figure 7.39 Ground floor plan (left) and views of the monitored spaces (right) showing the location of data loggers
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The outdoor readings show that the mean daily temperatures ranged from 32.9 °C to 35.4 °C,
whilst the lowest and highest records were 27.7 °Cand 40.4 °Crespectively. In addition, 'running
mean outdoor air temperature' (Trm) ranged from 32.2 °C to 33.4 °C. The diurnal temperature
variation is found to be noticeable (10.4 K as an average). Meanwhile, the data reveals that the

diurnal fluctuation of RH was from 9.4% to 42.1% (see Fig. 7.6).
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Figure 7.40 Recorded outdoor dry-bulb temperature and relative humidity (author)

Meanwhile, indoor environment data showed an apparent difference between the
measurements taken in the living room and those taken in the bedroom, where the later had
been generally warmer and drier (see Fig. 7.7), with the average minimum temperature being
approximately 4.3 K higher and mean relative humidity 9% lower in the bedroom. This is most
likely a consequence of: having a smaller air conditioner running in the bedroom, leaving the
door leading to the hallway open from time to time causing heat transfer by convection, internal
heat gains generated from a chest freezer installed there, sealing off operable windows with
adhesive tape preventing them being opened, and lack of practising passive cooling techniques,
e.g. floor washing, in that room. On average, the variation between the daily minimum and
maximum temperature was around 10 to 11 K. Such variation might be expected within spaces
having access to air conditioning from time to time throughout the day. At the free-running
mode of the building, moreover, a fundamental correlation between internal and external
temperatures is evident as shown in figure 7.8. It reveals the deficiency of the building fabric in
delaying the heat transfer. This was also underlined by the occupant during the interview,
stating: as soon as the air-conditioner stops running, the indoor environment changes rapidly, |

mean it becomes warm causing discomfort.
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Figure 7.41 A psychrometric chart shows the internal measurements in both living room and bedroom (Note:
each data point represents an hourly average of the indoor temperature and RH)
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Figure 7.42 Recorded indoor and outdoor dry-bulb temperatures (author)

Overall, indoor thermal discomfort is evident in the house, and temperatures had been high
reaching 35 °C and 39 °C in the living room and bedroom respectively (see Fig. 7.9), particularly
when A/C was not running. In the living room, which was occupied 24/7 as the housewife was
sleeping there overnight, the mean daily temperature ranged from 25.9 °C to 31.2 °C, and the
peak indoor temperature, 35.7 °C, was observed to be around the outdoor temperature on the
hottest day, July 26th, the day when the household received only a few hours of electricity

during the day from the national grid prevented them to continually run the air conditioners.
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Figure 7.44 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability)

Compared to CIBSE static criteria where 28 °C in living space should not be exceeded greater
than 1% of annual occupied hours (see section 3.3.1.3.3 for further details), the data showed
that 61% of the monitoring period, living room temperatures exceeded 28 °C (see Table 7.1).
However, during the operation hours of air conditioners where thermal sensation was indicated
as neutral and slightly cool over day and night respectively, the indoor environment was
relatively comfortable according to the measurements. On the other hand, the bedroom
experienced higher indoor temperatures where the mean daily temperature had been between
29.9 °C and 34.9 °C, and the highest recorded temperature was a degree above the outdoor
temperature on the hottest day. At night when the bedroom was occupied, the mean
temperature ranged from 27.4 °C to 31.9 °C; it had approximately 99% of occupied hours with

records in excess of 26 °C (see Table 7.1). Furthermore, both monitored spaces failed to meet
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both 90% and 80% acceptability limits of ASHRAE adaptive comfort criteria (see Fig. 7.10 and
Table 7.1). These figures also correspond to occupancy evaluation which indicated the overall
indoor environment as being uncomfortable. Perhaps being located under a non-insulated
concrete roof exposed to high solar radiation and temperature explains those high figures to
some extent. These hot conditions were accompanied by an absolute absence of opening
windows due to the earlier mentioned reason. At the free-running mode, furthermore, the
likelihood of indoor night-time temperature exceeding the outdoor temperature is
considerable, particularly between the hours of 8 pm and 4 am. Interestingly, a degree or two
were observed to be higher in both rooms than the outside during that time which might
indicate the impact of thermal mass throughout the spaces as well as the limitation of

environmental adjustments, e.g. opening windows for night cooling, overnight.

Table 7.7 A summary of overheating assessment in regards to ASHARE adaptive comfort & CIBSE static standards

Internal temperature Percentage of ASHRAE adaptive comfort standard
occupied hours
above certain

temperatures
Room Mean Minimum Maximum >26°C >28°C Occupied hours Occupied hours
(°C) (°C) (°C) above Typper (90% above Typper (80%
acceptability) acceptability)
Livingroom 29.07 219 35.7 - 61% 236 (35%) 167 (24%)
Bedroom 32.31 25.63 39.51 99% - 133 (43%) 83 (27%)

7.2.2 Findings — heating season

Before going through the findings of the wintertime fieldwork, it is worth noting that this case
study was initially proposed to be a possible follow-up pilot study to the current research in
order to examine the feasibility and applicability of the research's outcomes on the ground
through retrofit. Besides the physical attributes of the building and the household's readiness
for any further work to be carried out in the future which encouraged the researcher to select
this house among the four case studies, their harsh economic conditions would likely encourage
charity donors to contribute and provide financial support to the project. In his attempts to find
a sponsor for such a proposed stage, a charity donor, who prefers to stay anonymous out of
religious conviction, showed his willingness to partly support the research and improve the
house's conditions. And they actually accompanied the researcher in one of his visits during the
summertime fieldwork to see the house and evaluate the situation. In early December 2018
and prior to conducting the winter's fieldwork, however, they executed a few significant
changes to the living room without informing the researcher. The changes included: the
replacement of the old steel windows with new PVC ones (double glazed), the replacement of
the existing split type air conditioner with a new one with changing its location, and the

provision of new furniture, a Smart TV, curtains, and a rug (see Fig. 7.11 & 7.12).
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Figure 7.45 The new PVC windows of the living room (author)
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Figure 7.46 The living room a. before changes b. after changes (author)
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7.2.2.1 Adaptive behaviour and attitude — heating season

On January 20, 2018, the researcher held a semi-structured interview with the family discussing
their thermal behaviours and strategies in dealing with winter temperatures and maintaining
their thermal comfort. And in response to their invitation for an overnight stay, the researcher
spent that day at their house to undertake further observations. A range of adaptive actions,
which varied from personal adjustments to building adjustments, were found to be practiced
by the family members to stay warm in the cold. The former included activities like: staying in
the most comfortable space, staying close to any source of heat, drinking tea, wearing thick
clothes and putting on toasty socks, wearing a headscarf, laying a small blanket over legs, and
sleeping under heavy blankets. On the other hand, the latter involved: laying rugs before winter
starts, leaving doors and windows closed, Using a thick cloth as a door bottom seal to exclude
draughts and retain heat, and turning on heating equipment (i.e. a kerosene heater, an electric
heater, and a split-type air conditioner). Only the living room was equipped with such heating
tools (see Fig. 7.13). Despite having an A/C unit in the bedroom, it has no heating system to be

used in winter.
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Figure 7.47 The living room with heating equipment (author)

Similar to the summertime findings, their thermal interactions with the environment were
found to be changing with the change in power supply mode due to the prices being offered by
the two different suppliers as explained previously. When electricity was being supplied
through the national grid, the occupants were primarily relying on electric heating equipment.
They used to seal the house to avoid heat loss, stay in the living room and switch on the portable
electric heater and the air conditioner, and this behaviour as indicated previously was obviously

formed by low electricity prices that the national grid has offered over many years. When the
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Independent Power Producer (IPP) was supplying electricity, on the other hand, both tools were
not operated as the household could not afford their running costs. Instead, the occupants were
resorting to the use of the kerosene heater as the government does provide each family with
200 to 400 litters of kerosene every year at a minimal charge of $0.16 for a litter. However, if
the given amount did not suffice, which is the most likely scenario, the family needs to buy it
from oil stations at a higher charge of $0.6 for a litre. This presented a challenge for the
household and forced them to use the kerosene heater in a restricted manner to reduce fuel
consumption and avoid additional financial burdens despite experiencing extremely cold

temperatures across the house as presented in the next section.

¢Teapot

Figure 7.48 The teapot on the kerosene heater in the living room (author)

For that reason, they used to stay in the living room throughout the day and run only one
kerosene heater when IPP was supplying electricity despite having another one stored in the
basement which was only used in 'very cold days’ in the bedroom as reported by the housewife.
The operation of the kerosene heater was often accompanied by putting on one more layer of
clothing, covering the legs with a small blanket or sitting and putting their feet close to the
heater. Figure 7.13 shows how close the kerosene heater was to the housewife’s sitting place.
"I feel discomfort and cannot sleep well when my feet get cold," says the housewife. In addition
to that, drinking tea was observed several times during the researcher's stay there; most of the
time, there was a stainless steel teapot on the top of the heater in the living room (see Fig.
7.14). She commented on that by saying: “The tea helps somewhat; with the first sip, your throat
and stomach start getting a fleeting feeling of warmth [....] we drink it a lot and the kitchen is
so cold which is why we used to make it here using one of the heaters instead of preparing it in
the kitchen every time.” However, despite all those endeavours to reduce their fuel
consumption, it exceeds the amount that the government provides. On average, the household
burns around 500 to 600 litters throughout the heating season. “We try our best to keep fuel

consumption within our means, but winter chills tend to defeat our attempts in the light of
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constant electricity blackouts that we experience with the National Grid,” says the housewife.
This season, fortunately, the charity donor who renovated the living room filled the fuel gap

and purchased two barrels of kerosene for the household.

Nevertheless, not only financial concerns but also potential safety risks associated with the use
of kerosene heaters such as fire hazard and carbon monoxide poisoning restrained the usage
of such technology to some extent. Multiple studies (e.g. Fisher, 1999; Abelsohn et al., 2002;
Ritchie et al., 2003 and Prockop and Chichkova, 2007) have shown that health problems such
as shortness of breath, difficulty in concentrating, nausea, weakness, dizziness and headache
could arise from breathing kerosene fumes. With prolonged exposure, the symptoms could be
more severe such as convulsions and loss of consciousness, especially within spaces that are
poorly ventilated, and there is also a possibility of lung and heart failure which could lead to
death. According to the World Health Organization (WHO), “3.8 million people a year die
prematurely from illness attributable to the household air pollution caused by the inefficient use
of solid fuels and kerosene.” Those health concerns indeed frighten the majority of families
across the region when using such heating tool regardless of the income level. In this case study,
both occupants were very keen to turn off the kerosene heater before going to bed no matter
how cold the indoor environment was. This is highlighted through the following illustrative
quote: “Every year as a result of leaving kerosene heaters on during sleeping times, multiple
people die. A family of four lost their lives last week because of that. You know it is really
terrifying, so even if | had enough fuel, | would never leave the heater on while we sleep.” The
same attitude was applied to the portable electric heater as well due to a potential fire hazard.
Furthermore, what also slightly bothered the inhabitants in using the kerosene heater was the
daily process of refilling it with fuel especially on rainy days as the fuel barrels were located
outdoor for safety purposes, around 10 m away from the entrance. This sometimes, according
to the housewife, causes the person in charge to be exposed to extreme cold for several

minutes when the heater needs to be refilled.

While there was a chance for the living room air conditioner to be operated at times when the
national grid was supplying electricity during sleeping hours, the adult son had no other option
in the unheated bedroom than wrapping up himself in a bunch of blankets. “The blankets keep
me warm regardless of the room's low temperatures, but the first some minutes after getting
into my bed are tough; my teeth often chatter. Also, the problem when you get up in the morning
and remove the blankets, usually, it takes me around 15 minutes to have that courage to get
out of my bed,” says the son. Indeed, unpleasant indoor conditions were evident across the
house with the exception of the living room which is why the inhabitants were thermally
dissatisfied with the rest of the spaces. The concrete floor was so cold to a degree that the
researcher found it hard to walk barefoot through the corridor; the rugs were only available in
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the living room and the bedroom. And to avoid touching the cold floor, a few pairs of sandals
were provided in the corridor. One of the most challenging moments for both occupants is
when they wake up for the dawn prayer which requires going through the corridor to the
bathroom to perform Wudu, i.e. ritual washing to be performed in preparation for prayer and
worship, since both unheated areas are usually very cold at that time. "You need to prepare
yourself for that moment," says the housewife. As soon as she wakes up, she lights the kerosene
heater straight away, takes off her socks to be able to wash her feet, and puts on a cardigan
before heading to the bathroom, and so do her son. After Wudu, they return to the living room
and expose themselves to the heat for some minutes to warm up and then pray their prayers

next to the heater.

7.2.2.2 Physical measurements

Over the period of a month starting from December 22 to January 22, 2019, the outdoor and
indoor thermal environment had been monitored. The indoor spaces included the living room
and the main bedroom, and upon the household's complaints about the harsh thermal
conditions of the corridor, the researcher used one of the data loggers left from case-study 2 to
carry out monitoring in that space as well (see Fig. 7.15). It should be noted that the researcher
could not hang the living room's data logger at the same place where summertime
measurements were taken because the portable electric heater used to be run right under that
position, and this could have significantly affected the accuracy of the data. This is why the data

logger was installed onto another wall away from any source of heat.
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It is clear from the outdoor data that during the monitoring period the area was generally cold
and wet. The mean daily temperature ranged from 4.1 °C to 10.9 °C, and the lowest and highest
records were 1.2 °C and 13.3 °C respectively. Running mean outdoor air temperature (Tm)
ranged from 5.7 °C to 9.8 °C. On average, the diurnal temperature variation is found to be
around 4.3 K. Meanwhile, the data reveal that the mean relative humidity ranged from 47% to

90% (see Fig. 7.16).
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Figure 7.50 Outdoor dry-bulb temperature and relative humidity (author)

In terms of the indoor data, the mean daily RH is found to be relatively similar across the
monitored areas ranging from 62% to 86%. However, a significant difference can be noted
between dry-bulb temperatures recorded in the living room and those measured in the
bedroom and the corridor, where the first had been significantly warmer (see Fig. 7.17 and
7.18), with the mean temperature during the monitoring campaign being approximately 8 K
higher in the living room. This is primarily a consequence of employing heating equipment in
the living room most of the time besides having new PVC framed and double-glazed windows
there which have certainly resulted in maximising heat retention and reducing air leakages that
widely takes place in the other rooms due to the poor conditions of their windows as explained
previously. Their contribution in having better thermal conditions in the living room can be
clearly noted by looking at temperatures recorded during sleeping hours when none of the
heating tools was in use, e.g. Jan 10 (2 am to 5 am), showing up to 6 K higher temperatures in
the living room when compared to the bedroom (see Fig. 7.18). This, in fact, was also underlined
by the housewife during the interview, saying: “I can tell that the indoor conditions here [living
room] have been remarkably improved since the replacement of the windows. There are | think
no more air leakages through those two windows.” In contrast to the bedroom and the corridor,
the variation between the living room’s daily minimum and maximum temperature is found to
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be large, around 8 K as an average. One could expect such variation within a space equipped

with three heating tools.
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Figure 7.51 Histogram of hourly temperatures in the monitored spaces (author)
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Figure 7.52 Recorded indoor and outdoor dry-bulb temperatures (author)

With the exception of the living room, indoor thermal conditions were generally adverse and
far from the comfort zone, with indoor temperatures as low as 5 °C and 7 °C in the bedroom
and the corridor respectively (see Fig. 7.18). Starting with the most uncomfortable space (i.e.
the bedroom) as indicated by the occupants, the in situ measurements show that the mean
daily temperature ranged from 6.7 °C to 11.6 °C. The lowest record, which is 4.7 °C, was found
to be around the outdoor temperature on the coldest day, January 11, the day when the
outdoor temperatures remained within the range of 1.2 to 7.4 °C. At night, when the bedroom
was occupied, the mean temperature ranged from 6.2 °C to 11.8 °C, with all occupied hours
with records below 13 °C, and these cold conditions were accompanied by an absolute absence

of mechanical heating. In view of these low figures, one can easily understand the son's thermal
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behaviour of sleeping under heavy blankets and why he declared a high degree of
dissatisfaction. It is quite understandable since at 16 °C and below, according to the World
Health Organisation (WHQ), “there is an increasing risk of hypothermia developing, and also of
increased respiratory illness.” In the corridor, meanwhile, the mean daily temperature ranged
from 7.6 °C to 11.6 °C, with all records below 13 °C, and the coldest record was found to be 6.6
°C on the same morning when the bedroom's lowest temperature was recorded. Interestingly,
the temperature fluctuation of both bedroom and corridor was noticeably following the
outdoor one as illustrated in figure 7.18, and the likelihood of their indoor temperatures falling
below the outdoor one was common, particularly during the daylight hours, likely due to the
poor fabric conditions alongside the impact of thermal mass all around the spaces in the light
of having no heating and solar gains. Up to 3 K can sometimes be observed to be lower in both
unheated spaces when compared to outdoor. Those data give a further explanation of some of
the qualitative findings, e.g. the housewife's behaviour of putting on an additional layer of
clothing before leaving the living room and moving through the corridor. On the other hand,
warmer temperatures were found in the living room which according to the interviewees was
the most comfortable space. The mean daytime and the mean night-time temperatures
remained within the range of 14.7 to 21.1 °C and 13.2 to 20.1 °C respectively, with no record
below the outdoor temperature. However, the room did not accomplish a steady thermal
condition and failed to meet CIBSE static criteria and both 90% and 80% acceptability limits of
ASHRAE adaptive comfort criteria, despite the frequent operation of heating equipment there
(see Fig. 7.19 and Table 7.2). Over a quarter of the readings were below 16 °C, the degree that

poses certain risks to human health according to WHO.
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Figure 7.53 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability)
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Table 7.8 A summary of indoor thermal conditions in regards to ASHARE adaptive comfort & CIBSE static standards
(author)
Internal temperature Percentage of  ASHRAE adaptive comfort standard
occupied hours
below certain

temperatures

Space Mean  Min Max <17°C <22°C Occupied hours Occupied hours

(°C) (°C) (°C) below Tiower (90%  below Tiower (80%

acceptability) acceptability)

Living room (daytime) 179 109 26.16 - 97% 134 (43%) 94 (21%)
Living room (night-time) 17 10.16 24.02 48% 192 (60%) 149 (47%)
Bedroom 9.4 471 1335 100% - 100% 100%
Corridor 10 6.65 1241 - - 100% 100%

6.1.5 Energy consumption
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Figure 7.54 Household's energy consumption profile (author)

During the period of a year starting from August 01, 2018, the household’s energy consumption
data had been collected. On a monthly basis, electricity readings were being documented and
relevant information was being provided regarding the consumed amount of kerosene and the
LPG cylinders. The findings show that the occupants had consumed a total of nearly 19601 kWh,
i.e. (258 kWh/m?yr) when considering the occupied area, with January and October recording
the highest and lowest monthly energy consumption respectively. The most-used source is
found to be electricity supplied by the National Grid accounting for 53% of the total power
consumption, while IPP electricity is found to be the least-used source accounting for 5.7% of
the total consumption (see Fig. 7.20). This is despite the fact that the neighbourhood generator
was supplying electricity for nearly 11-12 hours per day. This, as indicated earlier, was primarily

driven by the electricity prices that the two suppliers offer in the light of their limited income.
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Indeed, the latter source was exclusively used for lighting, refrigerating, powering the TV, and
charging a phone. Furthermore, the consumed kerosene and Liquefied Petroleum Gas (LPG)
represent 30.4% and 11% of the total consumption respectively where the former was the
most-used source of energy during the heating season, and the latter was exclusively used for
cooking throughout the year. It is noteworthy that the house was left unoccupied for ten days
(December 6 to 16), and all appliances were off as the occupants were staying in their village
which resulted in having less energy consumed during the month of December than what was

expected.

7.3 Case study 2: A working-class household
7.3.1 Findings — cooling season

7.3.1.1 Adaptive behaviour and attitude

A semi-structured interview was carried out with the family on August 13, 2018, at their
residence discussing questions of thermal comfort and environmental control. The interview
revealed that their strategies of coping with summer heat were in a similar fashion to the
previous household where a range of adaptive actions are practiced in order to prevent thermal
discomfort. These include ingesting chilled fluids, showering, moving to the most comfortable
space, adjusting clothes, removing carpets, turning on cooling equipment (i.e. fans, air
conditioners, and evaporative air-coolers) and exposing themselves directly to the cool air,
adjusting blinds and opening/closing windows. Similar to case study one, the behaviours were
essentially influenced by the source of power supply, economic affordability, social motive, and
the envelope quality. In this case study, however, there is a noticeable decrease in the level of
human intervention as the occupants were being more inclined to rely on mechanical controls,
mainly air conditioners and evaporative air coolers, than considering other adaptive measures.
Before moving to the current house in 2016, in fact, the family was living in a rented one-storey
dwelling which had no access to AC, but the social presentation of the home, according to the

householder, has instigated to some extent their installation in the current house.

The optimum cooling role of air-conditioning as well as having free electrical power from the
National Grid have led the household to resort to A/C as a first response to high indoor
temperatures, whenever electricity was supplied through the national grid. The latter attribute
has also lowered occupants' willingness to save energy. The occupants used to seal the house
and leave both air conditioners on at the lowest possible temperature setting even during times
when nobody was at home. This habitual consumption is reflected in the data taken by the
installed smart meter which shows that approximately two MWHh'’s of electricity through the
National Grid were consumed by the household over the monitoring period. In this regard the
householder commented:
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You know, there is no bill, so why do we need to be concerned about electricity
consumption? You can simply say that we switch them on when summer starts and leave
them on until the end of the season [....]. There are times when | feel slightly cold especially
at night, maybe it sounds odd, but | use a lightweight blanket or a duvet to cover my body

instead of turning it off or setting it at a higher temperature.”

Nonetheless, constant electricity blackouts from the National Grid alongside high electricity
prices offered by the Independent Power Producer (IPP) limit the use of such technology to
certain hours throughout the day. This in turn was hindering the provision of perfect conditions,
i.e. uniformly neutral and completely constant thermal environment. Upon the householder's
request, indeed, the electrical system and wiring installations in the house were set up in such
a way that allows air conditioners to only be operated on the national grid power mode. When
the householder was asked about that, he stated: “In the light of our limited income, energy
expense is a real concern. Such electrical installation has enabled us to leave the air-conditioners
running even when we are not home or while we are asleep and thereby when an outage occurs
and the alternative source [IPP] starts supplying electricity, the A/C units stop operating avoiding
costs involved in their usage.” This shows how the economy has been central to occupants’

decisions of behaving in certain ways.

When Independent Power Producer supplies energy, the other thermal control actions
alternatively come into play to restore occupants’ comfort. In particular, the evaporative air
cooler was noted to be the second most deployed environmental control for being considered
more energy-efficient and cost-effective. This obviously led the other adaptive measures,
especially the passive ones, to be employed less. Although it is a mechanical control, some sort
of care, such as oiling the motor, cleaning the pump, changing the moisture pads, and
connecting/disconnecting the water line, were needed to provide optimal results.
Nevertheless, both evaporative coolers, i.e. the indoor and outdoor ones, were being unable to
cool down the indoor environment to a degree that the existing ACs would do which is why the
wife and the children, who spent most of the time in the house, were slightly unsatisfied about
the thermal conditions, especially over the daytime. To avoid thermal distress in hottest times,
therefore, their operation was often accompanied by consumption of cold beverages,
showering, and opening windows for night-time ventilation (with the exception of children’s

bedroom).

Apart from the fact that evaporative air coolers are generally less effective than air-
conditioners, perhaps their thermal experience with the frequent use of air conditioning at the
lowest possible temperature has diminished their abilities to tolerate higher temperatures and

thus influenced their thermal sensation and degree of satisfaction. Such conclusion was also
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noted by other studies (see e.g. Brager and De Dear, 1998 and Saman et al., 2013). Presumably,
a more satisfactory condition could have been met by the evaporative coolers if the water tank,
which water is supplied from, was not in a sunlit area. In this regard, the householder affirmed:
"The air cooler has a very good role in fact If deployed in the right way, but the problem, water
comes from a metal water tank located on the rooftop and it is exposed to sun heat, so the
water gets warm during the day which is why | think the air cooler is not always effective."
Besides that, the researcher noted that the outdoor cooler itself was extensively exposed to

solar radiation resulted in being less effective.

Apart from the aforementioned factors, weaknesses associated with the design of the building
fabric, e.g. the lack of thermal insulation, inefficient shading and etc., have forced the
inhabitants to interact with the indoor environment in certain ways. In response to the potential
direct solar gains through the south-west facing windows due to ineffective external shading,
for instance, the window blinds were often left closed throughout the day in spite of the
household's desire for having a visual axis to the Mountain View and connection to outdoors.
In the upper floor bedroom which has neither AC nor evaporative cooler, furthermore, the
excessive heat gains through the non-insulated exposed hipped roof and fagades cause
unbearable indoor conditions. For that, the children spend most of their time in the living area
despite their desire to play in their bedroom. An eight-year-old child said: / like my room; all my
toys and painting tools are there [.....] It is very hot so that is why | do my paintings here [in the
living space]. In this regard, the mother affirmed that getting out of the bedroom at night due
to high indoor temperatures and moving downstairs to the living space to continue their
sleeping has been a common behaviour among her children even though she does not like such
an attitude since the living space becomes messy. In this respect, when the householder was

asked to identify the worst building attribute, he stated:

Well, the construction quality, in general, is not that much good, particularly the roof of
the first floor. | think the comfort level there, and you will probably agree with me when
you look at the recorded measurements, is at its lowest because of the extreme inflow of
sun heat and unavailability of cooling technologies. At the moment, honestly, we are
financially unable to repair the roof, but every month my wife and I try to put some money

aside to be able to purchase a cooling device for the bedroom as soon as possible.

7.3.1.2 Physical measurements

Over the period of nearly four weeks starting from July 27 to August 21, 2018, the indoor
thermal environment monitoring campaign was carried out. It focused on the kitchen (12m?),
living space (40m?), bedroom (17.5m?) on the ground floor, and bedroom (17.5 m?) on the first

floor (see Fig. 7.21). And because of the limited number of monitoring devices and the fact that
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the guest room, according to the household, is used occasionally only when having guests,
indoor measurements were not taken there. Meanwhile, the external data were acquired from

the city’s weather station.
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Bath r
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Air | . =S 1 Guest room
shaft d s2-
/ /,,/ - \\\

Living area

s3 Bedroom

Figure 7.55 Ground floor plan (top), 1st. floor plan (bottom) and views
of the monitored spaces (right) showing the distribution of data
loggers (author)

The outdoor readings show that the mean daily temperatures ranged from 31.4 °C to 34.2 °C,
whilst the lowest and highest records were 23.2 °C and 41 °C respectively. In addition, 'running
mean outdoor air temperature' (Trm) ranged from 31.7 °C to 33.1 °C. The diurnal temperature
variation is found to be noticeable (14 K as an average). Meanwhile, the data reveals that the

diurnal fluctuation of RH was from 15% to 57% (see Fig. 7.22).

In the meantime, indoor environment data show a noticeable variation between the dry-bulb
temperatures measured in the ground floor and those measured upstairs, where the latter are
generally higher (see Fig. 7.23), with the average minimum temperature in the upstairs
bedroom being approximately 8 K and 5.5 K higher than the ground floor bedroom and living
space respectively. The excessive heat gains through the non-insulated exposed hipped roof,

together with the unavailability of an air conditioner and/or an evaporative cooler, and the lack
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Figure 7.56 Outdoor dry-bulb temperature and relative humidity (source: weather station)

of opening the north-east facing window to avoid dust getting inside the space, all have resulted
in such hotter and relatively drier (see Fig. 7.24) indoor environment there. In particular, the
impact of the poor building envelope and its failure in delaying the heat transfer is evident in
data analysis showing a notable correlation between internal and external temperatures,
particularly in the bedroom upstairs (see Fig. 7.25). Interestingly, the variation between the
daily minimum and maximum temperature is shown to be highest in the ground floor bedroom,

up to 10 K, and lowest in the kitchen, about 3 K as an average.

W Kitchen W Living room B G.F. Bedroom 1st.F. Bedroom

Number of hours

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40
Temperature (°C)

Figure 7.57 Histogram of hourly living room and bedroom temperatures (author)
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Figure 7.59 Recorded indoor and outdoor dry-bulb temperatures for a period (August 6th to August 14th)

With the exception of the children's bedroom, the house had experienced relatively better
indoor thermal conditions in comparison to the previous case study. This is as a result of being
located in a less dense and more elevated area where the mean temperature is one to two K
lower. This is along with the operation of air coolers in the absence of power supply from the
national grid, and the better quality of the window openings being more efficient. However,
indoor temperatures were still being high exceeding 32 °C on the ground floor, when ACs were

off, and reaching 40 °C upstairs (see Fig. 7.23). And none of the monitored spaces has met
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neither CIBSE static criteria nor 90% and 80% acceptability limits of ASHRAE adaptive comfort

criteria, of course with variation in their percentage of exceedance (see Fig. 7.26 and Table 7.3).
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Figure 7.60 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability)

Table 7.9 A summary of overheating assessment in regards to ASHARE adaptive comfort & CIBSE static standards

Internal temperature Percentage of ASHRAE adaptive comfort standard
occupied hours
above certain

temperatures

Room Mean Minimum Maximum >26°C >28°C Occupied hours Occupied hours

(°C) (°C) (°C) above Typper (90% above Typper (80%

acceptability) acceptability)

Kitchen 29.9 27.1 32.8 - - 133 (41%) 34 (10%)
Living room 28.4 24.2 32.2 - 56% 50 (14%) 13 (4%)
G.F. Bedroom 27.5 224 33.6 54% - 25 (9%) 7 (4%)
1%t.F.Bedroom 35.6 30.2 40.5 100% - 285 (99%) 271 (94%)

Starting with the main occupied spaces downstairs, the records show that the mean daily
temperature ranged from 26.4 °C to 29.7 °C and 27.1 °C to 29.4 °C in the bedroom and living
area respectively. Their highest recorded temperatures, i.e. 33.6 °C in the bedroom and 32.2 °C
in the living area, were found to be around 6 to 8 degrees below the outdoor temperature.
When the air-conditioners were inactive, however, indoor night-time temperatures were more
likely to exceed the outdoor ones, up to 2 K, particularly between 11 pm to 5 am as the outdoor
temperatures decline significantly. Despite being identified as the most comfortable rooms in
the house, the bedroom has 54% of occupied hours with records in excess of 26 °C; meanwhile,

the living area, which was occupied 24/7 in most of the days over the monitoring campaign as
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explained previously, has 56% of occupied hours with records in excess of 28 °C (see Table 7.3).
Such percentages might be expected in partially air-conditioned spaces despite being
supplemented by evaporative air-coolers which had been unable to significantly cool down the
indoor environment. On the other hand, the children’s thermal behaviour of staying away from
their room could be easily understood by looking at the measured thermal parameters, mainly
the indoor temperatures which exceeded the outdoor ones for 15-17 hours a day, with the peak
indoor temperature, 40.2 °C, being three degrees above the outdoor temperature. The room
had experienced notably higher temperatures in comparison to the living area where the
children often resorted to for thermal relief; the findings show that the mean daily temperature
had been between 34.3 °Cto 36.4 °C. Interestingly, the peak temperature in all examined spaces
was recorded in the afternoon on the same day, i.e. August 6™ — the hottest day, which might

be an indication of the effects of thermal mass throughout the building.

7.3.2 Energy consumption
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Figure 7.61 Household's energy consumption profile (author)

Given the fact that the household moved to another area in early October and left the house
unoccupied, as indicated earlier in this chapter, energy consumption records were only taken
during August and September, the reason why the researcher could not calculate the actual
annual energy consumption per square meter of floor area. However, the collected records are

well consistent with the qualitative investigations presented earlier.

The findings show that the household consumed a total of 2448 kWh and 903 kWh during the
months of August and September respectively. Their inattentive and excessive consumption of
electricity via the National Grid as a result of having free access to it can be clearly noted. Similar

to the previous case study, it was found to be the most-used source accounting for 81%, i.e.
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1983 kWh, of the total energy used during the month of August. Out of these 1983 kilowatt
hours, 1705 (i.e. 86%) were used exclusively for cooling purposes. This is equivalent to 14
kWh/m? of cooling energy used in one month. Meanwhile, IPP electricity, thanks to the high
electricity prices that the IPP offers, was found to be the least-used source accounting for 4.7%
of the total consumption during the month of August (see Fig. 7.27) even though this source
was supplying electricity for nearly 11-12 hours per day. Moreover, the consumed Liquefied
Petroleum Gas (LPG), which was used for cooking, represented 14% and 38% of the total

consumption during the months of August and September respectively.

7.4 Case study 3: A middle-class household
7.4.1 Findings — cooling season

7.4.1.1 Adaptive behaviour and attitude

A semi-structured interview was carried out with the family on August 15, 2018, at their
residence discussing questions of thermal comfort and environmental control. Similar to the
other case studies, the inhabitants' behavioural pattern in coping with summer heat included a
range of adaptive actions being varied from personal adjustments to building adjustments. The
former included activities like: ingesting chilled fluids, showering, moving to the most
comfortable space, adjusting clothes, whilst the latter involved: removing carpets, turning on
cooling equipment (i.e. fans, air conditioners, and evaporative air-coolers) and exposing

themselves directly to the cool air, adjusting blinds and opening/closing windows and doors.

However, their choice of a certain adjustment was strongly influenced by a number of factors
such as their financial conditions, source of power supply, past experiences, design-related
factors. For instance, the first has been obviously influential in their choice of practising one
particular adjustment over the others. With no doubt, the level of human intervention in
adjusting their thermal environment was way lower compared to the first case study. As a result
of having a higher income level, in fact, the mechanical controls were more likely to be involved
in modifying internal conditions. In particular, the occupants used to employ the air coolers and
leave them on throughout the cooling season no matter from which source the energy was
supplied. This was often accompanied by leaving the internal doors open for air to travel
through, using ceiling fans, and when necessary, the air conditioners were also operated from
time to time on the national grid power mode in a couple of spaces. Unlike the previous case
studies, in fact, the evaporative air cooler was noted to be the most practised environmental
control in the house despite having A/C units installed which have not significantly affected the
use of air coolers. The only periods that air coolers were not in operation were the times when
occupants were not at home beside the time interval between the outage and resupply of
electricity which usually takes up to several minutes every time that power cut occurs. High
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electricity prices offered by the Independent Power Producer (IPP) in the light of the constant
electricity blackouts from the National Grid did not really limit the use of such technology. This
can be noted through records taken by the installed smart meters showing that 427 kWh of
electricity from the IPP supplier were consumed by the household over the monitoring period
which is way higher than the amount consumed by the previous households. Apart from the
continuous operation of two air coolers, such consumed amount might also be attributed to its
size and the fact that more people are living in this house and thereby more energy might be
consumed. Nevertheless, this was not the case with the amount consumed through the
National Grid which interestingly appeared to be approximately 0.2-0.3 MWh less compared to
the previous households, and this is most likely the consequence of less use of A/C as explained

further below.

Despite their relatively good financial conditions, one still cannot deny the impact of cost-
related concerns on their thermal and energy-use related behaviour which understandably
tended to change to some degree in conjunction with the change in power-supply mode. One
could clearly perceive this in a couple of attitudes. In spite of the availability of air conditioners
and their undeniable effectiveness in fulfilling a desired indoor temperature, for instance, the
users were less disposed to operate them in the light of the unpleasant thermal conditions that
they experience over the summer period. Their likelihood of being run was primarily influenced
by the availability of electricity from the national grid which unlike the Independent Power
Producer (IPP) supplies electricity with considerably lower prices. In this regard, the
householder who is in his late 60s stated that, “We do not have a massive wealth by the way;
being capable to afford does not mean that we have to waste our income on energy bills and
continuous operation of A/C. One should seek a cheaper option even if it is a bit less effective.”
Out of four units, in fact, only two were functioning throughout the period examined as
described earlier, and the reason why the defective air-conditioners have not been repaired or
replaced was voiced to be ‘carelessness’ in the light of having an alternative control, i.e.
evaporative air cooler, which is more energy-efficient and cost-effective. The active units were
the one in the guest room and the one in the front bedroom above the kitchen which is occupied
by the daughter who is a medical doctor. The operation hours of the former were generally
limited to the times when they were receiving guests for the sake of hospitality, whereas the
latter was operated at night on her days off for a reason highlighted further below. It is worth
mentioning that infrequent use of A/C was not only reflected on energy bills as shown earlier
but might also be reflected on occupants' tolerance level. This because being less exposed to
air conditioners raises the ability to tolerate higher temperatures as concluded by Brager and

De Dear, 1998 and Saman et al., 2013.
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Another example emphasising the impact of the cost factor on their energy use related
behaviour is the way where both washing machine and dishwasher were being used (although
it is not related to their thermal behaviour). The occupants tended to use them only during
times when the national grid was supplying electricity. All these habits, according to the

housewife, are attributed to the low electricity prices that the national grid offers.

Apart from the influence of the cost factor, interestingly, the inhabitants' past experiences have
also governed their behavioural control actions to some degree. For instance, their life
experience of the countryside still affects their current thermal behaviours. One of the daily
adaptive actions that this household practises over the cooling season is moving to the front
yard in the evening to have their dinner and spend a couple of hours before going to bed. This
form of internal migration has been a widespread behaviour among people in rural areas until
nowadays. In this regard, the householder stated, "My wife and | began the married life in a
free-running mud house in a village where life was so simple [....] we used to start evenings in
the garden [front yard] where you enjoy the cool of the night air and the beautiful clear sky with
plenty of stars [....] many things have been changed in our life since we moved to the city and
this house but that habit still takes place | can say on a daily basis and we both are happy about

it."

However, such a thermal attitude was not very welcomed by everyone, particularly their
daughter-in-law, and this is highlighted through the following illustrative quote: “/ would rather
choose the easiest way by switching on the air cooler instead of moving to the front yard and
filling my ears with outdoor noise. It is less convenient.” She seemed to be influenced by her
premarital thermal experiences as she was living in a partially air-conditioned house, where air-
conditioners were run more often as she claimed, before getting married and moving to this
house. She affirmed that she had suffered from unpleasant indoor thermal conditions once she
moved to this current residence in summer 2010 which is why her husband installed a split air

conditioner in their room right away.

Another sort of influence from the past experiences lies in the adaptive behaviour of the
householder’s daughter. Her thermal experiences and periodic exposure (few days a week) to
an air-conditioned environment, i.e. the hospital that she works in, resulted in being
accustomed to lower indoor temperature which is why the split air conditioner in her room was
switched on at night on her days off as highlighted earlier. In this regard, she stated, "The
problem is that | work two 24-hour shifts a week at the hospital where the temperature | guess
is around 23 °C, so you can say that my body gets acclimated to such temperature. When | come

back home, which is of course warmer, | feel that | need to turn on A/C.”
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In addition to the aforementioned factors, most importantly, others associated with the design
of the building such as fabric and floor area were found to be affecting the indoor conditions
and thereby driving inhabitants to interact with the indoor environment in certain ways. In
response to the excessive heat gains through the non-insulated exposed roof and facade which
cause unbearable indoor conditions, for instance, the entire top floor is left unoccupied
throughout the daytime, even the master bedroom where the evaporative air cooler
continuously runs, and most of their activities take place in the living area which was identified
as the most comfortable space. In this context, one of the interviewees derisively described the

conditions by saying: "It [the second floor] gets hot to a degree that you can fry eggs."

The reason behind such poor fabric conditions was voiced to be linked to their desire to have a
big dwelling at the expense of quality when they were building this house. In this regard, the
householder stated, "In the light of the strict budget that we had at the time, we aimed to build
a dwelling that can actually house a growing family where everyone can have his/her own room
and also considering, for example, a spare bedroom for a future spouse and grandkids [....] we
chose the quantity, | mean as many rooms as possible with large areas, over the quality without
considering energy-efficiency at all." This has been causing an unfortunate impact on the
building's thermal performance and made the achievement of a pleasant indoor environment
in the entire house an expensive task because the larger the floor area, the greater the cooling
load. For this, out of the 215 m? floor area, only 120 m? were regularly occupied. Three family
members including the householder, his wife and their unmarried son were sleeping in the
living area over summer nights, and their bedroomes, i.e. both rear bedrooms on the 1t and 2™
floor, were merely used for the purpose of changing clothes and storing their stuff. In fact, both
bedrooms seemed to be rather barren, and a sort of mould was observed in both areas. The
reason behind such condition is believed to be the lack of ventilation since the air shaft that
rear rooms are connected to was completely covered by a lightweight roof hindering both
daylight and fresh air to be introduced. In addition to the limited use of those bedrooms, the
guest room was also used occasionally. In this respect, when the householder was asked to
identify the worst building attribute, he stated: “I think it is too big and non-insulated

demanding too much to keep all the spaces at the right temperature.”

7.4.1.2 Physical measurements

Starting from July 28 to August 22, 2018, data collection of the outdoor and indoor thermal
environment was taking place. The indoor spaces included the kitchen (18 m?), living space (40
m?) and guest room (28 m?) on the first floor, and master bedroom (26 m?) on the second floor

(see Fig. 7.28). It is worth noting that the outdoor data are the same as those presented in the
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first case study as the available ‘Tinytag Plus 2’ sensor was installed in an area located between

case-study 1&3 (see section 3.3.1.3.1 for further details).

Figure 7.62 1% floor plan (top-left),
2" floor plan (bottom-left) and views
of the monitored spaces showing the
distribution of data loggers (author)
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As presented in section 7.2.1.2, the outdoor readings show that the mean daily temperatures
ranged from 32.9 °C to 35.4 °C, whilst the lowest and highest records were 27.7 °C and 40.4 °C
respectively. In addition, 'running mean outdoor air temperature' (T,m) ranged from 32.2 °C to
33.4 °C. The diurnal temperature variation is found to be noticeable (10.4 K as an average).
Meanwhile, the data reveals that the diurnal fluctuation of RH was from 9.4% to 42.1% (see Fig.

7.6).

In the meantime, the indoor readings show that dry-bulb temperatures measured on the first
floor noticeably varied from those measured on the top floor, where the degree of fluctuation
of the latter being generally larger (see Fig. 7.29). The variation between the daily minimum and
maximum temperature is shown to be highest in the master bedroom, up to 8 K, and lowest in
the living area, less than 2 K. In fact, records from all areas examined on the first floor show a

small diurnal temperature variation, i.e. 1.2 K on average.
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Figure 7.63 Recorded indoor and outdoor dry-bulb temperatures for a period (August 6th to August 14th)

Similar to the other case studies, indoor thermal discomfort is generally evident in the house;
temperatures had been high reaching 34 °C on the first floor and exceeding 37 °C on the second
floor. With the exception of the living area, none of the monitored spaces has met neither CIBSE
static criteria nor the 90% and 80% acceptability limits of ASHRAE adaptive comfort criteria, of
course with variation in their percentage of exceedance (see Fig. 7.30 and Table 7.4). The living
area, which was occupied 24/7 as three family members were sleeping there overnight, was
the only space that met the 80% acceptability limit of ASHRAE adaptive comfort criteria, yet
failed to meet the other aforementioned standards. This explains why the space was identified
by all four interviewees to be the least uncomfortable space in the house and why most of their
activities were taking place there. Generally, the space accomplished a rather stabilised thermal
condition where the mean daily temperature ranged from 29.3 °C to 30.5 °C, with 100% of
occupied hours with records in excess of 28 °C where the lowest record, i.e. 28.6 °C, is found to
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be slightly higher than the outdoor temperature. This is despite the availability and continuous
operation of an evaporative air cooler which seemed incapable of achieving a cooler indoor
environment. Such limited cooling efficiency is normally expected from an air cooler, especially
when the water is supplied from a metal tank placed on the housetop and fully exposed to solar
radiation which warms up the water, and this was the case in this house. Indeed, the water

appeared rather warm when the researcher used his hand to undertake a rough estimate.
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Figure 7.64 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability)

Table 7.10 A summary of overheating assessment in regards to ASHARE adaptive comfort & CIBSE static standards

Internal temperature Percentage of ASHRAE adaptive comfort standard
occupied hours
above certain

temperatures
Room Mean Minimum Maximum >26°C >28°C Occupied hours Occupied hours
i . . above Typper (90% above Typper (80%
Q) (°C) Q) acceptability) acceptability)
Kitchen 31.33 30.16 34.42 - - 107 (35%) 50 (14%)
Living room 29.89 28.59 31.58 - 100% 60 (10%) 4 (0.6%)
Guest room 31.51 27.83 32.63 - 100% 368 (96%) 262 (68%)
1%t.F.Bedroom 31.47 27.36 37.66 100% - 124 (40%) 63 (20%)

The kitchen and guest room also accomplished a rather stabilised thermal condition where their
mean daily temperature ranges from 30.7 °C to 31.8 °C and 30.4 °C to 32.2 °C respectively. As
can be noted from Figure 7.30, the internal temperatures of the former had experienced
frequent fluctuations within a limited range, up to 1.4 K, which is likely originating from cooking
events as well as air infiltration occurring through the kitchen's front door whenever used by

occupants to getin or out of the house. Meanwhile, the latter experienced notable temperature
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drops, up to 4 K, whenever A/C was switched on, and this can be noted on several occasions
during the monitoring campaign, e.g. on the morning of August 20 when the interview was
taking place at the guest room. Nevertheless, the cooling effect of such technology seems to be
insignificant as the lowest recorded temperature there is found to be 27.8 °C. Such insufficient
cooling was also observed by the researcher on his visit even though the setpoint was 18 °C.
Perhaps this is attributed to the unit size being small, and thereby incapable of effectively

cooling down a big space like the guest room.

On the other hand, the occupants’ thermal behaviour of staying away from the top floor during
the daytime could be justified by looking over the internal temperatures of the master bedroom
which demonstrates that the space had experienced warmer conditions than the living area. Its
mean daily temperature had been between 30.4 °C and 33.5 °C, and the mean daily maximum
temperature there was found to be 4 K higher than that of the living space. The question then
arises: why such variation had been taking place whilst both spaces use the same type of cooling
technology? The reason for this variation could be rather related to their level of exposure to
solar radiations as the master bedroom being located at the top floor is more exposed to direct
sun rays and thereby is prone to experience higher indoor temperatures throughout the day
resulting from excessive heat flux through the non-insulated roof in particular. Besides, there
was a possibility for some of the hot air escaping from the first level through the staircase to
enter and accumulate in the master bedroom as the door was often left open throughout the
day, and this might have contributed to such higher indoor temperatures. Interestingly and
despite all the numerical indications of overheating in the house, the householder along with
his wife considered the overall indoor environment as being ‘Neutral,' and this likely indicates
their abilities to tolerate high temperatures. In contrast, their daughter and her sister-in-law

plainly showed a degree of dissatisfaction.
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Figure 7.65 Recorded RH in all monitored spaces for a period (July 28th to August 8th)
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Apart from the indoor dry-bulb temperatures, the impact of evaporative air cooler on rising the
indoor moisture level is also evident through the collected data where the mean RH is found to
be 52% and 45% in the living area and master bedroom respectively, whilst the outdoor one is

23% (see Fig. 7.31).

7.4.2 Energy consumption

During the period of a year starting from August 01, 2018, the household’s energy consumption
data had been collected. On a monthly basis, electricity readings were being documented and
relevant information was being provided regarding the consumed amount of kerosene and the
LPG cylinders. The records show that the occupants had consumed a total of nearly 35765 kWh,
i.e. (174 kWh/m2yr). Out of these 35765 kilowatt hours, 14480 (i.e. 40.5%) were used
exclusively for heating purposes in the form of kerosene which was found to be the most-used
type of energy. This is equivalent to 67.3 kWh of heating energy used in one square meter of
floor area in one year. Of course, being at a higher rung of the economic ladder helped the
household in consuming such a large amount of kerosene. Furthermore, electricity supplied by
the National Grid was found to be the second most used source accounting for 37.7% of the

total consumption.

Similar to the earlier case studies, on the other hand, IPP electricity is found to be the least-
used source accounting for 5.8% of the total consumption (see Fig. 7.32). This was mainly used
for things like: lighting, refrigerating, powering the TV, charging electronic devices, and running
evaporative air coolers over the cooling season. Moreover, the consumed Liquefied Petroleum

Gas (LPG), which was only used for cooking, represents 16% of the total consumption.
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Figure 7.66 Household's energy consumption profile (author)
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7.5 Case study 4: An upper-class household
7.5.1 Findings — cooling season

7.5.1.1 Adaptive behaviour and attitude

The household's behavioural pattern in dealing with summer temperatures and improving the
thermal comfort level within the indoor environment was thoroughly discussed with the
householder through a qualitative interview that took place on August 16, 2018. Several
thermal adaptation habits came to light including: turning on cooling equipment (i.e. fans, air
conditioners, and evaporative air-coolers) and exposing themselves directly to the cool air,
adjusting blinds, opening/closing windows, and adjusting clothes. Nevertheless, their choice of
practicing a certain adaptive behaviour was essentially influenced by their economic status,
their moral principles, individual's thermal preference, and physical attributes of the building.
In particular, the lack of economic pressures was found to have a potent role in configuring their
thermal behavioural patterns. As a consequence of being on the higher rungs of the economic
ladder, the extremely low level of human intervention compared to the other households in
overcoming thermal discomfort is beyond question as active cooling technologies were
predominantly used in improving inhabitants’ thermal satisfaction level. In this respect, the
interviewee explained by saying: “With the extreme prevailing summer temperatures of Erbil, it
is almost impossible to avoid thermal distress with no cooling technologies in hand.” While the
householder works away from home throughout the day, the ladies used to move in the
morning to the living area, where most of their activities take place, and rely on one or both
available air conditioners in the first place to adjust the thermal conditions. In fact, A/C units
were noted to be the most practiced environmental control in the house. Among all four case
studies, interestingly, this house has the highest ratio of installed A/C units per occupant, i.e. 7
units for 3 occupants, although three of them were not in use. Unlike the other case studies,
energy-related expenditures were not desperately limiting the operation of A/C, and the
operation hours (especially during night-time hours when occupants fall asleep) were not
exclusively correlated to the supply of electricity through the National Grid. This can be noted
through data recorded by the installed smart meter showing that among all four case studies,
this household had the highest ratio of consumed electricity (via IPP supplier) per person, i.e.

183 kWh per occupant.

Even though high electricity prices offered by the Independent Power Producer (IPP) did not
seem to be an important deterrent to this household, their thermal and energy use related
behaviour was changing to some degree in conjunction with the change in power-supply mode.
Out of two split-type air conditioners available in the living area, for instance, only one of them

was switched on when IPP was supplying electricity and that was exclusively during the hottest
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hours of the day. This habitual consumption could explain why the total energy consumed over
the monitoring period via the IPP supplier was about one-third, i.e. 549 kWh, of the amount
consumed through the National Grid. Apart from that, the inhabitants were generally very keen
to reduce their consumption of energy no matter from which source the power was supplied;
whatever the electrical appliance was, it was only in use when needed. Before moving from one
space to another, for example, they switch off all the appliances; the operation of bedrooms'
air conditioners was exclusively limited to the sleeping hours. The householder was asked if
such an attitude was encouraged by cost concerns, but he asserted that it is not so; rather it is
based on their moral principles being central in their energy-related behaviours. In this regard,

he commented by saying:

It is definitely a non-economic factor. We morally feel uncomfortable to overspend or
consume something in an extravagant way, and even religiously, we are not allowed to
be wasteful as the Almighty Allah ‘likes not those who commit excess’ as it is stated in the
Holy Qur'an. So it is not just about energy but | mean in general. Even when we prepare

food, we cook only as much as we need and avoid food waste.

Apart from the aforementioned factors, interestingly, the inhabitants' thermal preferences
have also governed their behavioural control actions to some degree. Different thermal
preferences seemed to exist among the family members. One of the wives who occupies the
first-floor bedroom, for instance, prefers lower temperatures than her husband, and therefore
she set her bedroom's air conditioner on 21 °C. This was forcing her husband to put on a thicker
pyjama or use an extra lightweight duvet to cover his body on the nights that he was sleeping
in that bedroom. In this regard, he stated that he does not resort to turning up the set
temperature as that causes her difficulty to fall asleep. The other wife who occupies the
downstairs bedroom, on the other hand, prefers a warmer environment than her husband; the
normal setpoint temperature of her bedroom's A/C unit is 26 °C. Again, this was driving the man
to mainly adjust his clothes or sometimes reduce the setpoint temperature a few degrees while

she was asleep.

Their behavioural adjustments and indoor thermal conditions were also noted to be impacted
to some degree by the physical attributes of the building, e.g. the internal layout, floor area,
and the quality of the building envelope. The dwelling has generally more space than needed
which is why three bedrooms remained completely unutilised. Out of the 235 m? floor area, in
fact, only 169 m? were regularly utilised. The extra square meters of the living zone alongside
its layout which is semi-open, moreover, resulted in increased demand for cooling; accordingly,
the area was fitted with four cooling gadgets as described earlier where two of them, i.e. both

A/C units, an air conditioner with the window-mounted evaporative air cooler, or the pedestal
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fan with air cooler, were often in function throughout the day depending on how extreme the
internal conditions were. And that made the achievement of a pleasant level of thermal comfort
there an expensive task. Furthermore, heat gains associated with the extreme trapped heat in
the attic as a result of the corrugated roof being non-insulated causes an unfortunate impact
on indoor thermal conditions particularly in the first-floor rooms. All occupants, in fact, voiced
that the upper floor is indisputably warmer than the ground floor. For this, the household
installed an evaporative air cooler in the attic to constantly supply cool air to the space and the
corridor during the daytime to mitigate such impact (see Fig. 7.33). In this regard, the

householder commented by saying:

I am not sure if the pitched roof was originally designed to protect the concrete flat roof
from sun rays, or whether it was just part of the aesthetic process, you know, to look like
an English house. But if their goal was protection, then based on our living experience
over almost a decade in this house, | can tell you that they absolutely failed to achieve
such a goal [....] Without having the air cooler there, believe me, it is very difficult to
tolerate the heat coming down, and all the raw food like uncooked rice, flour, and etc.

that we have in the storage area [on the first floor] will be spoiled.

However, the roof was not the only building fabric element that affected their thermal
interaction with the indoor environment. In response to the potential direct solar gains through
the south-east facing windows due to ineffective external shading, for instance, the window
blinds were often left closed throughout the day. Moreover, the householder seemed to be not
very pleased with the thermal properties of external walls for being low in R-value, particularly
the cladding layer of limestone; he would have preferred a Styropor cladding, i.e. polystyrene
panels plastered with cement which has been a common cladding technique in recent years in
the region, to reduce heat gains. “These walls [external walls] are not so efficient. They do not
significantly help in keeping the coolth in for a long period. Right after switching off the cooling

gadgets the indoor environment warms up; it does not take too long,” says the householder.
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Figure 7.67 Roof and attic cross section (author)
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7.5.1.2 Physical measurements

Following the research methods included earlier in this thesis, data collection of the outdoor
and indoor thermal environment was carried out over the period of three weeks, starting from
July 27 to August 16. It focused on the kitchen (13.5 m?), living space (54 m?), and en suite
bedroom (18 m?) on the ground floor (see Fig. 7.34), whilst no measurements were recorded

on the first floor due to the limited number of sensors.

6.4

Living area
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Figure 7.68 Ground floor plan (left) and views of two monitored spaces (right) showing the location of data loggers
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Figure 7.69 Recorded outdoor dry-bulb temperature and relative humidity (author)

135|Page



The outdoor readings show that the mean daily temperatures ranged from 33.5 °C to 36.2 °C,
whilst the lowest and highest records were 27.6 °C and 43 °C respectively. The diurnal
temperature variation is found to be noticeable (12 K as an average). Meanwhile, the data

reveal that the diurnal fluctuation of RH was from 11% to 44% (see Fig. 7.35).

Meanwhile, indoor readings show that the mean daily RH remained within the range of 34 to
50% in all three spaces (see Fig. 7.36). Despite the extensive use of cooling equipment, mainly
air conditioners, together with the better building thermal characteristic, i.e. lower U-value, in
comparison with the previous case studies, the household had generally experienced relatively
warm indoor thermal conditions in which none of the monitored spaces had met CIBSE static
criteria (see Table 7.5). This might explain why two family members, out of three, considered

the overall indoor environment as being slightly uncomfortable.
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Figure 7.70 Pscychrometric chart showing indoor readings in the monitored spaces (Note: each data point
represents an hourly average of the indoor temperature and RH) [author]

The variation between the daily minimum and maximum dry-bulb temperature is shown to be
highest in the en-suite bedroom, up to 6 K, and lowest in the kitchen area, up to 2 K (see Fig.
7.37). As shown in the figure, the latter is found to have a rather stable thermal condition where
the mean daily temperature ranges from 30.8 °C to 32.1 °C. However, it is found to be generally
warmer than the other two examined spaces; its average minimum temperature is
approximately 4 K higher than the en suite bedroom, i.e. the coolest monitored space. Despite
being semi-open with the living area allowing heat exchange to constantly occur by convection,
which can be noted in figure 7.37 showing a noticeable correlation between the temperature
fluctuation of both kitchen and living area, the lowest recorded temperature there is found to
be 29.8 °C. It actually failed to meet both 90% and 80% acceptability limits of ASHRAE adaptive

comfort criteria (see Table 7.5). The reason for such a warmer indoor environment in the
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kitchen is most likely attributed to the unavailability of effective cooling gadgets, e.g. air
conditioner, apart from having a wall-mounted fan. This is together with internal heat gains
resulting from cooking activity alongside possible solar gains through the south-east facing

window despite having a sheer curtain.
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Figure 7.71 Recorded indoor and outdoor dry-bulb temperature over a period of one week (author)

Temperatures in the semi-open living area, which was normally occupied from 8 am until 10
pm, remained within the acceptability range of ASHRAE adaptive comfort criteria (i.e. 80%
acceptability limit) for 96% of the occupied hours, as shown in Table 1, in the light of having one
or two cooling equipment frequently in operation throughout the occupied hours as described
earlier. The mean daily temperature ranged from 29.1 °C to 31.2 °C, and the peak indoor
temperature, 32.1 °C, was observed to be 0.6 K below the outdoor temperature. The likelihood
of indoor temperature exceeding the outdoor temperature is considerable after midnight when
cooling gadgets are switched off. Interestingly, the two available wall-mounted air conditioners
there were set to 24 °C, yet temperatures remained above 28 °C, i.e. CIBSE static criteria, over
94% of occupied hours (see Table 7.5 and Fig. 7.38), and the lowest record was found to be 26.4
°C. One could argue that the units' inadequacy to accomplish the set temperature is attributed
to the fact that air conditioners are normally prone to lose their efficiency and power over time
especially if there is a lack of maintenance. However, one should not deny: the impact of the
room's layout and size being spacious (around 54 m?) accommodating both the living and dining
area. This is in addition to being attached to a staircase and a non-conditioned semi-open
kitchen, where cooking takes place, allowing heat transfer to occur among those spaces through
convection. This is besides the impact of high thermal transmittance of external walls, which is
1.43 W/m2 K, allowing heat to enter the space from outside through conduction which was also
indicated by the householder during the interview. All these, in fact, could result in increased
cooling loads and thereby causing difficulties for the units to achieve the desired temperature.
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Table 7.11 A summary of overheating assessment in regards to ASHRAE adaptive comfort & CIBSE static standards

Internal temperature Percentage of ASHRAE adaptive comfort standard
occupied hours
above certain

temperatures
Room Mean Minimum Maximum >26°C >28°C Occupied hours Occupied hours
(°C) (°C) (°C) above Typper (90% above Typper (80%
acceptability) acceptability)
Kitchen 314 29.8 33.1 - - 261 (87%) 87 (29%)
Living room 30 26.4 32.1 - 94% 56 (19%) 6 (2%)
G.F. Bedroom 28.7 23.8 31 94% - 4 (2%) 0
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Figure 7.72 Histogram of hourly living room and bedroom temperatures (author)
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Figure 7.73 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability)
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On the other hand, the en suite bedroom was found to be the coolest monitored space in the
house, although it relies on a smaller air conditioner (18000 BTU/hr) which was set to 26 °C.
During the occupied hours, temperatures remained within the acceptability range of ASHRAE
adaptive comfort criteria (i.e. 80% acceptability limit) and exceeded the upper limit of 90%
acceptability for only 2% of the occupied hours (see Table 7.5). The mean daily temperature
ranged from 27.9 °C to 29.7 °C, and the peak indoor temperature was found to be 30.9 °C at a
time when the A/C unit was not in operation. Indeed, only during one night, i.e. one of the
nights that the household stayed in the resort town, the bedroom experienced higher
temperatures than the outdoor for a few hours. With no doubt, being less exposed to the direct
sunlight due to the surrounding objects as well as being enclosed, which helps in reducing the
cooling loads and putting less stress on the air conditioner, have facilitated the control of the
thermal environment there and given rise to the accomplishment of relatively lower
temperatures. Undoubtedly, cooler conditions could have been provided by the A/C unit if the
occupants reduced the setpoint temperature, but the lady, who sleeps there, seemed to be
satisfied with the situation as indicated in the interview. However, such thermal conditions
were not very welcomed by her husband, which is why on the nights that he was sleeping there,
as explained earlier, he was resorting to adjusting clothes or sometimes reducing the setpoint
temperature to 24 °C as can be noted in figure 7.39 when the temperature occasionally falls

below 26 C.

7.5.2 Findings — heating season

7.5.2.1 Adaptive behaviour and attitude

Their wintertime thermal comfort-related behaviours and consumption patterns were
discussed during a qualitative interview held on January 22, 2019. A range of behavioural
control actions was found to be undertaken by the family members to stay warm in the cold.
These included: turning on heating equipment (i.e. kerosene heater, oil filled radiator, and split-
type air conditioner), heating up the space beforehand, adjusting blinds, opening/closing
windows, adjusting clothes, and sleeping under blankets. In general, the level of human
intervention in dealing with winter temperatures was found to be low as the occupants were
predominantly relying on heating technologies. This is believed to be highly driven by the

economic conditions of the household.

Throughout the day, normally from 8 am until 11 pm, a kerosene heater was being run in the
living area where the inhabitants prefer to stay. It was indeed the most used heating technology
in this dwelling, and the limited amount of fuel distributed by the government through a subsidy
programme, i.e. 200 to 400 litres, did not restrain the use of such technology. To avoid any

shortage, in fact, the householder used to buy sufficient fuel for the heating season from an oil
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station by the end of each summer regardless of the amount that is given by the government.
“In this country where kerosene is the main heating fuel, one should never run out of it,” says
the householder. The operation of the kerosene heater in the spacious living area was
sometimes accompanied by turning on one of the available A/C units. This, according to the
householder, was taking place on very cold days and also during the first 60 to 90 minutes of
the day to quickly warm up such a roomy space which is left unheated overnight. In this regard,

he stated:

It [living space] would take longer to be at a comfortable temperature by only running the
kerosene heater [....] when we sometimes stay in Shaglawa [it is a resort town] over
weekends, the house gets cold as we do not leave any appliance on, so once we come
back | straight away switch on both [the air conditioner and kerosene heater] for some

time.

However, such a mean of convection heating was not very welcomed by one of the ladies. “/
generally do not like air conditioning in winter; the air is so dry. It dries out my nasal passages,
and | feel it is one of the reasons why | get flu and sinus infections,” says the lady. In addition to
those heating devices, the window blinds were also being rolled up on sunny days to let sun

rays reaching the space.

Each of the two occupied bedrooms, on the other hand, was relying on an oil filled radiator
alongside a kerosene heater. At night, normally around 8 pm, one of those technologies was
turned on to heat up the bedroom and be at a comfortable temperature before getting into
bed around midnight. Their choice, however, was partly influenced by the power-supply mode
as the oil filled radiators were only run on the national grid electricity. This again shows that
despite their economic status, i.e. being on the higher rungs of the economic ladder, running
costs-related concerns were involved in shaping their thermal behaviour. “When you have two
options in hand in which both can deliver similar outcomes, with no doubt one would go for the
cheaper choice,” says the householder. Occasionally, both aforementioned thermal control
devices were switched on on extremely cold days regardless of the source of power supply.
However, none of the heaters was left on during sleeping hours no matter how extreme the
weather was; instead, they were preferring to sleep under blankets. Before going to bed, the
householder used to go around the house and make sure that all the heaters are switched off.
The householder was asked if such an attitude was encouraged by cost-related concerns, but
he claimed that it is not so; rather it is substantially driven by potential safety risks such as fire
hazard, or carbon monoxide poisoning associated with the use of kerosene heaters. In this
regard, he stated: "You know how dangerous or even fatal it [kerosene heater] can be. Why

would one put his/her life in danger in order to have warmer temperatures during sleeping?" He
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also pointed out that there was no need for heating and energy consumption while they could
stay warm under blankets. “Regardless of how rich you are, you should not cause

overconsumption. It is a sin,” says the householder.

In general, the inhabitants were satisfied with the indoor temperatures with the exception of
the kitchen in which the inhabitants declared a slight degree of dissatisfaction for being cool.
And this is understandable as there was no heating equipment available there apart from the
cooking equipment. However, temperatures in the kitchen were obviously not as low as to run
a heater in which the household can certainly afford. Instead, the ladies used to adjust their
clothes and put on a robe while they work there. The only indoor variable that the occupants
were highly dissatisfied with was the level of condensation being indicated as too high resulting
in mould growth. This was driving them to open the windows and the roof vent from time to
time every day to ventilate the house despite the heat loss that such behaviour might have
caused. Also in the living room, the ladies were reportedly experiencing slightly warm
conditions in the living room from time to time, especially around afternoon, something that

they were dealing with through turning off the kerosene heater and opening the windows.

7.5.2.2 Physical measurements

Over the period of a month starting from December 24, 2018, the monitoring campaign was
taking place in the same areas that were examined during the summertime fieldwork (see Fig.

7.34).
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Figure 7.74 Recorded outdoor dry-bulb temperature and relative humidity (author)
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It is clear from the outdoor readings that during that period the area was generally cold and
wet. The mean daily temperature ranged from 3.9 °C to 11.9 °C, and the lowest and highest
records were 0.6 °C and 15.4 °C respectively. Running mean outdoor air temperature (T,m)
ranged from 6.2 °C to 10.3 °C. On average, the diurnal temperature variation is found to be
around 5.5 K. Meanwhile, the readings show the diurnal fluctuation of RH was from 46% to

100% (see Fig. 7.40).

In relation to the indoor readings, temperatures were generally found to be relatively pleasant
during the occupied hours, especially within the living and sleeping spaces. The diurnal
fluctuation of dry-bulb temperature is shown to be highest in the living area, up to 10 K, and
lowest in the kitchen area, up to 3 K (see Fig. 7.41). Meanwhile, the mean daily RH is found to

be relatively similar across the monitored areas ranging from 44% to 72%.
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Figure 7.75 Recorded indoor and outdoor dry-bulb temperature (author)

Although the living area did not accomplish a steady thermal condition as shown in the figure,
the space is found to be the warmest examined space, with even some indications of
overheating. Its mean temperature during the monitoring campaign is approximately 3 Kand 5
K higher than those recorded in the en suite bedroom and kitchen respectively. This is greatly
attributed to the constant operation of the kerosene heater when the living space was in use
along with direct solar gains through the south-east facing windows. Despite being large, the
mean temperature there during the occupied hours, i.e. 9 am to 10 pm, remained within the
range of 21 to 26 °C. As shown in table 7.67 and figure 7.42, all readings remained above the
lower margin of ASHRAE adaptive comfort bandwidth (both 90% and 80% acceptability limits).

Not only that, in fact, 67% and 54% of the occupied hours were found with records above the
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upper margin of 90% and 80% acceptability limits respectively. This could give an explanation
of why the ladies were from time to time turning off the heater around afternoon and opening
the windows. Since the heater was being switched off overnight, the space was experiencing
notable temperature drops as can be noted in figure 7.41. However, no records were found
below the outdoor temperatures, and the lowest reading, i.e. 16.5 °C, was observed to be 14 K
above the outdoor one. It was recorded on the morning of January 20, the day when the
outdoor temperatures remained within the range of 2.2 to 8.5 °C. In fact, all the daily lowest
temperatures in the living space were recorded between 7 am and 9 am, the time when the
space was unoccupied. One could expect this in such a space that is left unheated overnight.
Also, such numerical indications could give an explanation of why the operation of the kerosene
heater in the morning was being accompanied by running an air conditioner for some time as

emerged from the qualitative investigations.
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Figure 7.76 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability)

Table 7.12 A summary of indoor thermal conditions in regards to ASHARE adaptive comfort & CIBSE static standards
(author)
Internal temperature  Percentage of occupied  ASHRAE adaptive comfort standard
hours below certain

temperatures
Space Mean Min Max <17 °C <22°C Occupied hours below Occupied hours
(°C) (°C) (°C) Tiower (90% below Tiower (80%
acceptability) acceptability)
Living room 22 164 285 22% 0 (0%) 0 (0%)
Bedroom 19.2 15 28.2 8% - 74 (26%) 9 (3%)
Kitchen 16.8 135 20 - - 268 (77%) 141(40%)
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In the bedroom where heating was being operated for only 5 to 6 hours a day and where no
direct sunlight was reaching the space owing to the neighbouring objects, cooler temperatures
compared to the living space were found. The readings show that the mean daily temperature
had ranged from 16.8 °C to 22.4 °C, with notable variation between the daily minimum and
maximum records up to 9 K (see Fig. 7.42). Occasionally, temperatures had slightly fallen below
the lower margin of 90% and 80% acceptability limits of ASHRAE adaptive comfort criteria
accounting for 26% and 3% of the occupied hours respectively (see table 7.6). Nonetheless, no
indications of thermal discomfort were reported by the householder, given that he and his wife
used to stay under blankets right after turning off the heater(s). No records were observed
below 16 °C, i.e. the degree that poses certain risks to human health according to WHO, during
the occupied times. The coldest temperature, 15 °C, was observed to be 7 K above the outdoor
temperature, and it was recorded on the afternoon, when no one was staying in the bedroom,
of the same day when the living area's lowest temperature was found. On the other hand, the
ladies’ behavioural action of adjusting their clothes by putting on a robe sometimes while
staying in the kitchen could be understood by looking at the temperature readings
demonstrating that it was the coolest monitored space. The mean daily temperature had been
between 14.6 °C to 18.2 °C, and the average maximum temperature is approximately 9 K lower
than the one of the living area. It actually failed to meet both 90% and 80% acceptability limits
of ASHRAE adaptive comfort criteria (see Table 7.6). Such indoor conditions are expected due
to the absence of heating gadgets apart from the available gas cooker. Similar to the other
spaces, however, all records were found notably above the outdoor temperatures, and the
lowest reading is found to be 13.5 °C being 12 K above the outdoor temperature. With no doubt,
having no records below the outdoor temperature in all three spaces is attributed to the

building fabric which has lower U-values compared to the other case studies.

7.5.3 Energy consumption

During the period of a year starting from August 01, 2018, the household’s energy consumption
data had been collected. On a monthly basis, the householder was providing a detailed excel
sheet where he was recording all the required data on a daily basis. The sheets included
electricity consumption from the two sources, kerosene and LPG consumption, and
occasionally, information about the days/hours where mechanical control(s) were on (see
Appendix D for samples of excel sheets provided). The records show that the occupants had
consumed a total of nearly 26162 kWh. Interestingly, this is equivalent to 155 kWh of energy
used in one square meter of occupied floor area in one year, an amount that is way less than
the amount consumed by the low-income case study where a family of two was occupying the

house.
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The most-used source is found to be electricity supplied by the National Grid accounting for
49.2% of the total power consumption, while IPP electricity is found to be the least-used source
accounting for 9% of the total consumption (see Fig. 7.43). The consumed kerosene and
Liquefied Petroleum Gas (LPG) represent 26.2% and 15.6% of the total consumption
respectively. Similar to the other case studies, the former was the most-used source of energy
during the heating season. It is noteworthy that the house was usually being left unoccupied on

weekends and all appliances were being left off.

Liquified Petroleum Gas (LPG) m Kerosene M Electricity supplied by IPP W Electricity supplied by National Grid

3800
3600
3400
3200
3000 -f
2800
2600 -+
2400
2200 +
2000
1800
1600 +
1400
1200 +
1000
800
600
400
200 +
0

Energy consumption in kWh

Aug-18 Sep-18 Oct-18 Nov-18 Dec-18 Jan-19 Feb-19 Mar-19 Apr-19 May-19 Jun-19  Jul-19

Figure 7.77 Household's energy consumption profile (author)

7.6 Conclusion

As key determinants in the functionality of buildings and the way inhabitants interact with the
built environment, the questions of thermal comfort and environmental control have been
addressed in this chapter employing the case study method (bottom-up approach). This is
within four residential buildings of different technological standards and economic conditions.
This was set out with the aim of providing an empirical understanding of performance within
the existing building stock of the KRI to inform the development of optimal upgrading strategies.
Unlike the typical approach across the building performance literature that is primarily based
on physiology and engineering-based methods and evaluations, e.g. monitoring the physical
parameters, the researcher went beyond such a conventional approach and examined the
questions from a socio-technical angle as well. Increased attention has been paid to the
relationship between the inhabitants and the physical performance of the environment they

occupy and the factors shaping that relationship.

Consistent with other studies (see section 3.3.1.3 and Abdulkareem et al.,, 2020), the
investigations demonstrate clearly that the way people control the environment in their
buildings is not necessarily driven by the human body's physiological and physical state. It is
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essentially shaped by non-thermal factors, with socio-economic factors having a particular
strong influence. The income, for instance, has led the human intervention in adjusting indoor
thermal conditions to be at a certain level (see Fig. 7.44). In areas where households could not
afford to mechanically service their buildings, the element of human behaviour emerged as an
integral part of the overall performance and was much more engaged in terms of making
occupants more comfortable. This is quite evident especially in case study 1 where the
occupants exploited many possible adaptive measures ranging from those associated with the
human body, e.g. dampening clothes and taking cold showers, to those associated with the
building per se, e.g. sprinkling the roof and vegetation around the house and removing/laying
rugs, to stay thermally comfortable. Meanwhile, higher-income households engaged less in
adaptive behaviour as comfort was mostly dealt with using technological means. Even for those
on the lower rungs of the economic ladder, technological means were becoming the first option
to resort to when cost-related concerns were vanishing at times when the National Grid was
supplying electricity.

A Summer: staying away from any source of heat; sitting or lying on the screed floor; dampening and adjusting clothes;

taking cold showers; drinking cold water; using hand fans; sprinkling the roof and vegetation around the house; removing
ﬁ carpets before summer starts; washing the screed floor, opening/closing doors, turning on ceiling fans; switching on A/C
Case study 1

Winter: staying in the most comfortable space, staying close to any source of heat, drinking tea, wearing thick clothes
and putting on toasty socks, wearing a headscarf, laying a small blanket over legs, sleeping under heavy blankets, laying
rugs before winter starts, leaving doors and windows closed, using a thick cloth as a door bottom seal to exclude
draughts and retain heat, and turning on heating equipment

ﬂ Case study 2

ﬁ Case study 3

The level of human intervention

Summer: Turning on cooling equipment,
ﬁ adjusting blinds and clothes
Case study 4 {N
inter: Turning on heating equipment,
adjusting blinds and clothes

»
Lowest The level of income Highest'

Figure 7.78 The relationship between the level of income and the level of human intervention in adjusting indoor
thermal conditions (author)
What is surprising is that those who had no limitations of energy use and had the lowest level
of human intervention in controlling the indoor environment had the lowest annual energy
consumption per square meter of floor area (see Fig. 7.44). The amount that the upper-class
household consumed was 155 kWh/mZ.y which was found to be 103 kWh/mZ2.y lower than the
amount consumed by the low-income household, i.e. the one with the highest level of human
intervention. This was partly driven by their different value systems shaping their attitude
towards energy use. In case study 4 (CS4) where the household (from an economic point of
view) was able to consume in any way they please, for instance, the household felt that it is a
religious and ethical obligation to reduce consumption of energy. This is why the conditioning
of spaces was exclusively limited to spaces in use. Such a value system did not come onto the

horizon with lower-income households, and this was noted very clearly in their attitude towards
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electricity use from the National Grid, i.e. the cheap energy. As there were no cost-related
concerns due to its very low prices or because of having free access to it such as in the case of
the working-class household, they were inattentively consuming it even at times when they
were not in need to leave their equipment running. Among the cases emphasising this in CS2 is
the habitual consumption of leaving air conditioner(s) on at the lowest possible temperature
over night while covering themselves with a blanket or duvet due the low indoor temperatures
caused by the A/C. Instead of resorting to the use of a blanket/duvet, the occupants could have
simply increased the setpoint temperature and reduced energy consumption. Another case is
in CS1 where the A/C of the main bedroom was being left on over the day although nobody was
staying there. Such a periodic exposure to air-conditioning at the lowest possible temperature
had likely led the occupants of those households to not tolerate higher indoor temperatures at
times when they had no access to A/C, i.e. in the absence of electricity from the National Grid.
This relationship between exposure to low temperature and the degree of tolerance was noted

in different cases across the CS1, CS2, and CS3.
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Figure 7.79 Annual energy consumption per square meter of floor area in the examined case study houses (author)

Despite such high figures, thermal discomfort as illustrated earlier had taken place in all four
case studies (see Table 7.7), with the most uncomfortable conditions present in case study 1
(CS1) which reached a degree that poses threats to occupants' health. This was not only during
the cooling season (as one may normally anticipate in hot climate regions) but also during the
heating season. Such indoor thermal conditions were found to be predominantly driven by the
physical attributes of the building, mainly weaknesses associated with the building fabric, e.g.
the lack of thermal insulation, air infiltration, poor quality of the openings such as those of CS1,
and the roof's prolonged sun exposure. These in turn were opening the road for a constant flow
of heat from outside to inside or vice versa. Once the buildings were going into the free-running
mode, the indoor climate was changing rapidly in accordance with the fall and rise in external

temperature. This was particularly evident in CS1, CS2 and the top floor of CS3, thanks to the
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Table 7.13 A summary of overheating assessment in regards to ASHARE adaptive comfort & CIBSE static standards

Internal temperature Percentage of
occupied hours

above certain

ASHRAE adaptive comfort standard

temperatures
Case Room Mean  Minimum Maximum >26°C >28°C  Occupied hours  Occupied hours
Study (OC) (OC) (OC) above Tupper (90% above Tupper (80%

acceptability) acceptability)

CS1 Living room 29.07 21.9 35.7 = 61% 236 (35%) 167 (24%)
CS2 Living room 28.4 24.2 32.2 - 56% 50 (14%) 13 (4%)
CS3 Living room 29.89 28.59 31.58 - 100% 60 (10%) 4 (0.6%)
CS4 Living room 30 26.4 32.1 - 94% 56 (19%) 6 (2%)
CS1 G.F.Bedroom 32.31 25.63 39.51 99% - 133 (43%) 83 (27%)
CS2 G.F.Bedroom 27.5 22.4 33.6 54% - 25 (9%) 7 (4%)
CS3 1°F.Bedroom 31.47 27.36 37.66 100% - 124 (40%) 63 (20%)
CS4 G.F.Bedroom 28.7 23.8 31 94% - 4 (2%) 0

building fabric being unable to delay heat transfer. Indeed, U-values were found to be very high
in all case studies (see Fig. 7.46), with the lowest ones present in case study 4. This was found
to be strongly affecting the indoor conditions and influencing the way the occupants interacted
with their immediate environment. In response to the excessive heat gains through the non-
insulated exposed roof causing unbearable indoor conditions over the summer, for instance,
the occupants of CS2 and CS3 were practicing internal migration which is a longstanding cultural
practice in the region. The entire top floor was being left unoccupied throughout the daytime
and all their activities were taking place on the ground floor. The occupants of CS4 dealt with
the issue technologically by installing an evaporative air cooler in the attic to constantly supply
cool air to the space and the corridor beneath during the daytime to mitigate such impact. And
as the CS1 is a one-storey building, the household had no other option than running water on

the roof, i.e. another longstanding cultural practice, to reduce the amount of heat transferred.

B U-value (roof)

m U-value (external walls)

Thermal transmittance in W/m2K

Case study 1 (CS1) Case study 2 (CS2) Case study 3 (CS3) Case study 4 (CS4) Passivhaus

Figure 7.80 The U-values of roof and externals walls in the examined case study houses compared to the
requirements of Passivhaus (author)
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Other energy-use-related similarities were found amongst those socio-economically distinct
households. Contrary to expectations that one would normally have about energy demand in
hot climate regions, energy use in all case study houses was found to be notably higher in the
winter period than in the summer period (see Fig. 7.47). The increased use of kerosene as the
main heating fuel in which people do not normally consider when thinking about their energy
consumption was causing such a difference. In fact, January recorded the highest monthly
energy consumption in all case studies. This shows how important it is for design and
construction professionals to consider the heating season as well when making decisions in such

an environment, something that has not received enough attention yet.

H energy consumption - summer period M energy consumption - winter period

Energy consumption

N/A

Case study 1 (CS1) Case study 2 (CS2) Case study 3 (CS3) Case study 4 (CS4)

Figure 7.81 seasonal variation in energy use in the examined case study houses (author)

The households were also pretty much alike in their attitude towards kerosene use over winter
nights. All of them were very keen to turn off such kerosene heaters before going to bed no
matter how cold the indoor environment was. This was driven by the potential risks associated
with the use of such heaters, e.g. fire hazard and carbon monoxide poisoning, which in turn
have given rise to innumerable tragedies not only across the KRI but also throughout the world.
Multiple studies (see e.g. Fisher, 1999; Abelsohn et al., 2002; Ritchie et al., 2003 and Prockop
and Chichkova, 2007) have shown that health problems such as shortness of breath, difficulty
in concentrating, nausea, weakness, dizziness and headache could arise from breathing
kerosene fumes. With prolonged exposure, the symptoms could be more severe such as
convulsions and loss of consciousness, especially within spaces that are poorly ventilated, and
there is also a possibility of lung and heart failure which could lead to death. According to the
World Health Organization (WHO), “3.8 million people a year die prematurely from illness

attributable to the household air pollution caused by the inefficient use of solid fuels and
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kerosene.” Those health concerns, in fact, frighten the majority of families across the region

when using such a heating tool regardless of the income level.

However, one cannot deny that these findings cannot be extrapolated to the existing building
stock due to the limitation of the sample size, but they generally offered intimate insights and
raised some important questions: would adopting the fabric first approach to building design
lead the buildings to achieve compliance with the western thermal comfort criteria, e.g. CIBSE
criteria as recommended in the Building Control Regime (BCR) developed by UNDP-Irag? If yes,
what level of reduction in energy use would be achieved at the same time? Would its adoption
provide a higher level of thermal comfort across the whole building not just the spaces in use?
Is there the risk that the total energy use being higher than now? Experimentations are
performed in the next chapter to see how far one can push that and what would be the outcome

of improving the thermal performance of building fabric based.
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Chapter 8

Dynamic thermal modelling

8.1 Overview

In the previous chapter, the emphasis was placed upon questions of performance and
environmental control across a sample of dwellings of different technological standards and
economic conditions. It was found that the four dwellings are not thermally efficient from fabric
point of view, making the presence of thermal discomfort and associated increased
consumption of energy inevitable in both summer and winter. Using a dynamic thermal
simulation tool, this chapter provides a full assessment of the impact of upgrading the building
fabric on the indoor thermal environment, energy use (primarily heating and cooling load), and
reduction of CO2 emissions. Taking into account the socio-economic context which cannot be
excluded from any in-depth analysis, out of the four dwellings, experimentations were
performed on the two that represent opposite ends of the socioeconomic spectrum, i.e. case
study 1 and 4. The reasoning behind this, as indicated in Chapter 3, is that the fabric upgrading

intervention(s) that could fit a certain income group might not be suitable for another one.

The chapter starts with presenting the methodology in detail and then moves on to the
development of the validated base models. The latter is predominantly based upon input
parameters, e.g. construction and operational data, provided in the previous two chapters.
Then the chapter presents a range of upgrading interventions and the potentiality they have in
terms of reducing energy consumption and CO, emissions, and meeting thermal comfort
criteria. The interventions are firmly guided by: the socio-economic considerations that
impacted the people’s lives in the case studies, the socio-technical constraints presented in

chapter 5, and the principles of fabric first.

8.2 Building model and simulation settings

This part of the research was carried out employing an EnergyPlus-based energy modelling tool
called DesignBuilder, one of the most widely utilised simulation tools in the industry for

examining and predicting comfort, lighting, carbon, and energy performance of buildings [see
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e.g. Kulkarni et al. (2011), Cardinale et al. (2013), Wang et al. (2015), and Blanco et al. (2016)].
Offering a detailed dynamic thermal simulation and a user-friendly graphical interface, the tool
enables energy consultants, engineers and designers to undertake thorough thermal and
energy assessments. The software allows real and accurate data with respect to construction
materials, building geometry, cooling and heating technologies, and occupancy profiles to be
inputted. Therefore, professionals can easily visualise possible designs, predict the performance
within probable real-life operating conditions and make changes in a way that improves the
performance and lead to quicker, better, more affordable, more efficient and more sustainable

outcomes.

In the very early stages and prior to modelling the case base dwellings, hourly measured
weather data of the areas where the two case studies located were required. This is in the file
format of EnergyPlus Weather (EPW), a weather file format that can be read by DesignBuilder.
Normally, such a file includes measurements of certain weather parameters, e.g. cloud cover,
wind direction, wind speed, solar radiation, relative humidity, air temperatures (wet bulb, dry
bulb, and dew point ones), and etc. And since the built-in weather files of DesignBuilder and
those of the EnergyPlus website do not include weather data sets for Kurdistan, the data had
to be imported. The researcher first collected hourly data of ten consecutive years for both the
city of Duhok and Erbil capital from their meteorological offices aiming to construct the required
EPW files for simulations. Due to the fact that solar radiation measurements were missing,
however, the researcher was not able to produce such a weather file. Following talks with a few
experienced researchers in the field, the author was advised to attain the files in EPW format
either through online sources, such as White Box Technologies and Climate.OneBuilding, or
through weather generators, e.g. Meteonorm. In reliance upon hourly weather observations,
these sources provide historical weather files for thousands of locations worldwide and in
different formats, e.g. EPW and TMY. And this is something that even the EnergyPlus website
recommends for locations that are not supplied by them (EnergyPlus, n.d.). The researcher then
acquired the required EPW files from Climate.OneBuilding. However, the data sets of the city
of Duhok where the first case study is located were not available; therefore, the researcher
chose the data sets of the nearest available location which was the city of Zakho (56 km away)
as an alternative. To ensure their accuracy, the researcher performed a comparison between
the measured outdoor temperatures from summertime and wintertime fieldworks and those
of the obtained EnergyPlus Weather files for both locations to see how close they are to each
other. Variations were then noted to some extent as shown in Figure 8.1, something that one
would normally expect given the fact that the two different sources of data do not represent
the same period. The field data was recorded in the summer of 2018 and winter of 2019, whilst

the EPW weather data files were built upon records of fourteen years in the past, i.e. 2004-
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2018. However, such variations are not expected to give rise to misleading results since there
is still reasonable proximity between the mean daily temperatures from the two different

sources (see Table 8.1).
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Figure 8.82 Comparison between outdoor temperatures from EneryPlus weather files and in-situ measurements for
the city of Duhok (left) and Erbil capital (right)

Table 8.14 Comparison between the mean outdoor temperatures from EneryPlus weather files and in-situ
measurements (author)

Location Period In-situ measurements EnergyPlus Weather data
Mean °C (August) 34.2°C 36.5°C
Duhok
Mean °C (January) 7.2°C 5.8°C
Mean °C (August) 349°C 35.2°C
Erbil
Mean °C (January) 7.9°C 6.7 °C

Having set the weather data in DesignBuilder, the case base houses were then modelled making
use of the well-described inputs presented in Chapter 6 and 7. This was based on construction
and operational data collected during site visits. These include, but are not limited to, working
drawings, construction details, surveys of lighting equipment, heating and cooling systems,
their capacity and operating schedules, set point temperatures, opening/closing curtains, and
occupancy profiles and schedules. This input process was undertaken very precisely and far

from using unrealistic input parameters. This is to bring the predicted performance close to the
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actual one so that the model becomes as realistic as possible prior to the application of physical
and technological interventions described below. This is considered essential to avoid poor
decisions and inappropriate use of resources, a key concern among researchers when
undertaking such kind of building performance studies [see e.g. Norford et al. (1994),
Williamson (2010), Menezes et al. (2012), Ryan and Sanquist (2012), De Wilde (2014), and
Andersen et al. (2016)]. The adjacent buildings were also added to the site as component blocks

for their potential role in casting shadows and reflecting sunrays (see Fig. 8.2).

Figure 8.83 The base models of case study 1 (left) and case study 4 (right)

Despite the efforts to use the real-world input parameters, making reasonable assumptions was
still inevitable to cope with the unknowns. Amongst the uncertain parameters that the author
coped with during the input process was the operating schedules of cooling equipment,
something that may have caused a slight difference between the actual and predicted
performance. This is particularly in the first case study where the operation of cooling
equipment is affected by the power cuts that are experienced with the national grid. And
because of having no regular schedule for supplying electricity from that source, it was difficult
to determine the exact operation schedule of air conditioning. Hence, the researcher used the
approximate schedules that were provided by the oral reports from residents, four times spread

out across the day where each time lasts for around three hours.

Another difficult task was related to the natural ventilation (NV) rates and settings. Generally,
the software offers two different ways to set up natural ventilation simulation. The first method
is Scheduled natural ventilation which is generally employed for early-stage modelling or when
natural ventilation rates are likely to be small relative to other heat flows in the building. It is
the least complex and quickest option, and thereby one can save a lot of time while running
simulations using this method. However, approximate data with respect to natural ventilation
and infiltration rates of each zone need to be known, a variable that was not measured during
both summertime and wintertime fieldworks. The second method is Calculated natural
ventilation, a more complex approach that takes longer to set up and simulate as a result of
additional calculations needed in calculating the airflow rates at each time step. In the absence
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of ventilation data of the building, this method can be used as an alternative to the Scheduled
one as it relies upon information about cracks across the fabric and their sizes. This is besides
opening sizes and operation parameters as well as temperature data, internal gains, weather
data to calculate the airflow rates through each zone. To speed up simulation and decrease the
complexity of the models, however, the tool's user guide supports the use of the first method
unless one is unable to estimate the NV rates reasonably. Since there was a lack of accurate
data about the extent to which windows are opened and the magnitude of the existing cracks
across the fabric elements, the researcher in line with what the software recommends adopted
the first method and roughly estimated the maximum air change rates. This is based on what
CIBSE guide A recommends, a factor which might arguably have created a little gap between
the actual and modelled performance of the case base dwellings. However, it is worth noting
that the operation schedules of Natural ventilation were likely realistic and based completely
on data collected from the households. Accordingly, the schedules were set in a way that kept

NV off during times when cooling equipment were running.

8.3 Modelling validation

Having set all the input parameters, the validation process had to take place to check the
robustness of the models and degree of correspondence to reality and ensure that they are
trusted to deliver an accurate prediction of performance. This is in fact considered an integral
part of the modelling process. For this, different methods were found across the literature such
as empirical validation, comparative testing, and analytical verification [see e.g. Jensen (1995),
Witte et al. (2001) and Ryan and Sanquist (2012)]. Williamson (2010) defines these three

approaches as follow:

Empirical validation, which compares simulated results with measured data in the real
world, e.g. a building, a test cell or a laboratory. The ultimate validation test would be a
comparison of simulation results with a perfectly performed empirical experiment with all

simulation inputs perfectly known.

Analytical verification, which compares simulation output from a program, subroutine,
algorithm or software object with results from a known analytical solution or a set of

quasi-analytical solutions.

Intermodal comparison, which compares the output of one program with the results of

other similar programs.

And as in-situ measurements were a key part of this research (see chapter 6), accordingly, the
researcher adopted the first approach which is generally considered as the most commonly

used validation procedure. Simulations were run for the case base houses for a one year period,
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and the results (mainly indoor temperatures and energy use data) were then tested against
their real-world counterparts, i.e. the monitored data, to see how close they are and address
any possible error before applying the interventions, i.e. physical, technological and behavioural
ones. The comparison showed reasonable proximity of both sets of results (see Tables 8.2, 8.3
and 8.4), something that provided much confidence to start upgrading their building envelope.
And in agreement with the real-world situation, the poor quality of the building fabric emerged
to be the key driver behind the poor energy and thermal performance of the houses.

Table 8.15 Comparison between the monitored and simulated indoor air temperatures in case study 1 and 4
(summertime)

Case study Source of data Space Min °C Max °C Mean °C
1 Monitored results Living room 21.9°C 35.7 °C 29.07 °C
Main bedroom 25.63°C 39.51°C 32.31°C

Simulated results Living room 22.49°C 36.6 °C 28.6°C

Main bedroom 25.7°C 38.03°C 30.6 °C

4 Monitored results Living room 26.4 °C 32.1°C 30°C

G.F. bedroom 23.8°C 31°C 28.7°C

Simulated results Living room 25.6 °C 32.16°C 27.5°C

G.F. bedroom 24.3°C 28.8°C 26.2°C

Table 8.16 Comparison between the monitored and simulated indoor air temperatures in case study 1 and 4
(wintertime)

Case study Source of data Space Min °C Max °C Mean °C
1 Monitored results Living room 10.16 °C 26.16 °C 17.9°C
Main bedroom 4.71°C 13.35°C 9.4°C
Simulated results Living room 9.94 °C 24.66 °C 19.2°C
Main bedroom 7.2°C 15.1°C 11.05°C
4 Monitored results Living room 16.4 °C 28.5°C 22°C
G.F. bedroom 15°C 28.2°C 19.2°C
Simulated results Living room 12.5°C 29.2 °C 22.1°C
G.F. bedroom 15.1°C 29.6°C 21°C

Table 8.17 Comparison between the monitored and simulated total energy use in case study 1 and 4 (author)

Case study Source of data Total Energy Use kWh
1 Monitored results 19601 kWh
Simulated results 17056 kWh
4 Monitored results 26162 kWh
Simulated results 24780 kWh
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Following that, copies were made of the base models to introduce the upgrading scenarios
where different measures ranging from simple to more complicated ones aiming to boost the
fabric efficiency and reduce cooling and heating demand were applied. Then the energy saving
potential and thermal efficiency of such interventions were predicted and compared to those
of the case base models. The results are presented in a later section. It is worth mentioning that
in the development of those interventions, the researcher based upon the parameters that
emerged earlier in this thesis attempted to limit expensive and highly sophisticated solutions.
Given the socio-economic and socio-technical conditions discussed previously and the cost
implications of the proposed measures, however, all the measures considered by the author
might still not be economically and/or technically applicable to the entire building stock. In the
next sections, the building envelope upgrading scenarios alongside the simulated results of both

case studies are presented individually.

8.4 Case study 1

8.4.1 Modelling scenarios

This unit, as indicated earlier, was modelled using the actual input parameters that are
presented in section 6.2. Then four building fabric upgrading scenarios were proposed ranging

from simple to more complicated ones as follow:

Figure 8.84 A wooden gazebo added to the rooftop (author)

In the first scenario, the researcher proposes a sun shade system to the rooftop using a simple
wooden structure such as a pergola allowing deciduous plants to climb and grow all over the
roof. This is an inexpensive and also an established cultural practice in the region in which

people normally use to shade an outdoor sitting area and grow their own grapes. Such a roof
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covering aims to mitigate the excessive heat gains taking place through the non-insulated
exposed flat roof causing high internal temperature as demonstrated earlier in this thesis. This
would also reduce the burden of taking the garden hose to the housetop every morning and
leaving the faucet on for few hours, which causes water wastage. And to assess the potential
benefits of such an intervention in terms of energy saving and indoor comfort, a wooden gazebo
was added to the original model in DesignBuilder (see Fig. 8.3). This is in such a way that extends
well beyond the boundaries of the roof in order to block most of the direct sunlight from
reaching the roof over the cooling season. However, it is noteworthy that such an intervention
might have no influence on the building's energy and thermal performance over the heating

season.

In addition to the roof covering, in the second scenario, replacement of all window openings is
applied, an energy-saving measure that is strongly recommended by the Building Control
Regime (BCR) developed by UNDP-Iraq. All the old, steel-framed and single glazed windows in
which their U-value according to DesignBuilder is around 6.1 W/mZ2.K are replaced with new
low-E, double glazed and argon-filled ones in which their U-value is around 1.5 W/mZ2.K or even
less and are commercially available in the city of Duhok where the case study is located. In fact,
this was partly done in early December 2018 by a charity donor who in cooperation with the
researcher already replaced the windows of the living room (see section 7.2.2 for further
details). Such intervention aims to further improve the performance of the building envelope
and reduce cooling and heating loads. These changes are again applied and assessed in

DesignBuilder which are presented in a later section.

In the third scenario, emphasis is placed on the entire building envelope. An effective but low-
cost building envelop aiming to minimise heating and cooling loads while providing a higher
level of comfort is modelled. Besides the aforementioned interventions, i.e. roof covering and
windows replacement, the researcher proposes the replacement of the old exterior doors and
insulation upgrades across the exterior walls, floor, and roof. For that, the U-value of the
external walls is reduced from 3.1 W/m?2.K to 0.36 W/m?.K, a figure that is even lower than what
is recommended in the BRC (i.e. < 0.5 W/m?.K). Such a figure is achieved by adding a 50 mm
thick straw based insulation board and a layer of compressed earth-based bricks plastered with
lime-based plaster. These layers are added to the original exterior walls, which are mainly made
of concrete blocks, in such a way that avoids thermal bridging. All the proposed additional layers
are made of cheap and locally available natural materials that provide great flexibility of use.
They are widely applied by rural and marginalised communities across the region as indicated
earlier in Chapter 5. Furthermore, the U-value of the roof is reduced from 3.8 W/m?.K to 0.28

W/m?2.K. This is again lower than what is recommended in the BCR (i.e. < 0.3 W/m?Z2.K). Such a
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low U-value is accomplished by using a certain roof construction type. It is composed of a
suspended ceiling as an innermost layer, air gap, 50 mm thick straw based insulation board, the
existing 200 mm thick concrete slab, vapour control layer, 50 mm thick straw based insulation
board, 50 mm thick screed, and a waterproofing layer as an outermost layer. Improvements are
also made to the floor in contact with the ground. Its U-value is reduced from 2.5 W/m?2.K to
0.45 W/m?.K through adding a 50 mm thick straw based insulation board and a layer of screed
to the existing concrete floor with bearing in mind door thresholds. All these interventions are
applied in DesignBuilder where assessments are carried out. It is also worth mentioning that all
these modelled interventions are locally within reach from a technical perspective and can be
performed by local construction teams with the use of the available apparatus. And this is
demonstrated in the pilot study, i.e. an attached two-storey house, which has been recently

constructed by the author in the city of Duhok (see Appendix E).

To boost the fabric efficiency and reduce cooling and heating demand further, the researcher
proposes an entirely hypothetical scenario aiming to explore the potential impact of full
Passivhaus fabric requirements. In this last scenario, further improvements are applied to the
entire building envelope through paying far more attention to the quality of windows,
insulation, and airtightness. Since the window is required to have a U-value lower than 0.8
W/m? K to be certified by Passivhaus (Hines et al., 2015), all the window openings are replaced
with triple glazed and argon filled ones in which their U-value according to DesignBuilder is
around 0.78 W/mZ2.K. However, such a window type is not quite common in the region and is
only commercially available in the capital Erbil at the current time. This means that opting for
such a type would involve transportation costs. Further insulation upgrades across the floor,
roof, and external walls are also inevitable as in PH buildings, typically, the U-value of those
components should not exceed 0.15 W/m?K (Hines et al., 2015). Accordingly, the U-value of the
external walls is reduced to 0.12 W/m?2.K through using the same wall layers applied in the third
scenario with the exception of increasing the thickness of straw based insulation board to 250
mm. Meanwhile, the U-value of the roof is reduced to 0.125 W/m?.K. This is again accomplished
following the same roof layers applied in the previous scenario with the exception of increasing
the thickness of both layers of straw based insulation board to 120 mm. And to further reduce
the U-value of the floor in contact with the ground, a 250 mm thick straw based insulation board
is added to the existing concrete floor instead of the 50 mm thick one applied in the previous
scenario. By doing so, a U-value of 0.14 W/m?K is achieved. Apart from increasing the level of
insulation across the building envelope, emphasis is also placed on the level of airtightness. The
model air infiltration rate at 50 Pa in DesignBuilder is set to 0.6 air changes per hour, a figure
that needs to be achieved in PH buildings. Table 8.5 shows briefly the differences between the

four upgrading scenarios.
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Table 8.18 The differences between the upgrading scenarios (author)

Upgrading Ext. windows Ext. walls Roof
scenarios Roof covering U-value U-value U-value
Base model N 6.1 W/m?2.K 3.1 W/m2.K 3.8 W/m?2.K
Scenario 1 Y 6.1 W/m2.K 3.1 W/m2.K 3.8 W/m2.K
Scenario 2 Y 1.5 W/m2.K 3.1 W/m?2.K 3.8 W/m2.K
Scenario 3 Y 1.5 W/m2.K 0.36 W/m2.K 0.28 W/m2.K
Scenario 4 Y 0.78 W/m2.K 0.12 W/m2.K 0.125 W/m?.K

These four modified models alongside the base case were first simulated in DesignBuilder
predicting their effectiveness with adding no technological and behavioural interventions. No
changes were therefore made to the way the household runs the house, environmental
controls that modify the indoor conditions, and their operation hours. This means, as presented
in Chapter 6 and 7, that the rear bedroom remains unoccupied. Besides, cooling is only supplied
in the living room and the main bedroom through split-type air conditioners and is restricted to
the availability of power from the national grid. Meanwhile, heating is only provided in the living
room. Both cooling and heating schedules alongside their setpoint temperatures are set based
on real data collected from the field works. Following the simulation process, indoor thermal

conditions and cooling and heating consumption are assessed in each scenario.

In the second attempt, the third and fourth scenario alongside the base case are simulated. This
time, some behavioural and technological interventions are taking place aiming to provide ideal
indoor conditions by keeping the home at the right temperature during both cooling and
heating seasons. First, the rear unoccupied bedroom, which is used as a storage area as a result
of concerns over the cost of power bills, is turned into an occupied one for the housewife to
sleep there overnight instead of sleeping in the living room. Second, cooling/ heating is supplied
in all the habitable rooms, i.e. the living room and both bedrooms, during the occupied hours
(i.,e. 8amto 11 pm and 11 pm to 8 am for the living room and bedrooms respectively). This is
without being affected by the power cuts that are experienced with the national grid.
Moreover, cooling and heating setpoint temperatures are set to meet CIBSE static criteria, the
criteria that align with what the BCR generally recommends. The former is set at 24 °C for both
the living room and bedrooms, while the latter is set at 22 °C and 19 °C for the living room and
bedrooms respectively. In realistic terms, such cooling setpoint temperatures might be
considered low and energy-intensive. But for the purpose of this hypothetical investigation,

they are used to simulate the implications of aiming for such comfort criteria and complying
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with the BCR recommendations. This is despite the fact that aiming for a higher temperature,
e.g. 26 °C, would lead to achieving more savings. The kitchen and corridor are also provided
with some sort of cooling and heating through setting setback temperatures allowing them to
avoid temperatures above 28 °C and below 15 °C during the occupied hours. It is worth
mentioning that such changes will understandably lead to an increase in annual heating and

cooling consumption while also improving indoor thermal conditions.

8.4.2 Simulation results — the model under physical interventions

The findings demonstrate clearly how significant the physical interventions can be in reducing
cooling and heating demand and improving indoor thermal conditions, particularly when the
entire building fabric is upgraded. The next sub-sections present the simulated results of each

scenario.

8.4.2.1 Scenario 1

In the first scenario, for instance, shading the rooftop with a wooden gazebo led to a 1.3 and 2
K reduction in the mean indoor temperature of the partly conditioned spaces, i.e. the living
room and main bedroom, and the unconditioned areas, e.g. the kitchen and corridor,
respectively over the cooling season (see Fig. 8.4). This is besides a 1433 kWh reduction in the
annual cooling energy use, which is equivalent to a 17 kWh/m?2.yr reduction in the total energy

consumption (see Fig. 8.5).
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Figure 8.85 The impact of roof covering on indoor operative temperature across different spaces (author)
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Figure 8.86 The impact of roof covering on the annual cooling energy use (author)

8.4.2.2 Scenario 2

In the second scenario, meanwhile, the drop in the mean operative temperature during

summertime reached 1.5 K and 2.2 K across the partly conditioned and unconditioned spaces

respectively (see Fig. 8.6), whilst annual cooling energy use fell by 2015 kWh. This is equivalent

to a 24 kWh/m?2.yr reduction in the total energy consumption (see Fig. 8.7). By comparing such

figures with those of the first scenario, one could argue that the replacement of window

openings did not significantly contribute in improving the house performance during

summertime since the differences are quite humble. However, what makes this scenario

superior to the previous one was also its relative contribution in improving the performance

over wintertime where a 284 kWh reduction in annual heating energy use was accomplished

with an insignificant impact on indoor temperatures.
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Figure 8.87 The impact of windows replacement alongside roof covering on indoor operative temperature across
different spaces during summertime (author)
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Figure 8.88 The impact of physical interventions proposed in Scenario 2 on annual cooling and heating energy use
(author)

8.4.2.3 Scenario 3

Moving to the simulated data of the third scenario, upgrading the entire building fabric based
upon the physical interventions described earlier was found to be far more effective. It gave
rise to remarkable improvements in the overall energy and thermal performance of the house.
During the cooling season, for example, cooler indoor thermal conditions throughout both the
free-running and partly conditioned spaces are evident (see Fig. 8.8). The results show a5to 6
K reduction in the average maximum temperature compared to the one of the base model.
Despite being partially air-conditioned for the reasons mentioned earlier, both habitable rooms
(i.e. the living room and main bedroom) appeared to meet both 90% and 80% acceptability
limits of ASHRAE adaptive comfort criteria, with no indoor operative temperatures in excess of
28 °C. On average, the temperature swing in both rooms remained within the range of 3.0-3.5
K, something that clearly emphasises the impact of the proposed building fabric upgrade in
delaying the heat transfer. Despite all such better indoor conditions, the annual cooling energy
consumption dropped significantly by approximately 64% (from 6221 kWh to 2294 kWh) as
shown in figure 8.9. This is equivalent to a 45 kWh/mZyr reduction in the total energy

consumption. However, the contribution made does not stop there.
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Figure 8.89 The impact of physical interventions proposed in Scenario 3 on indoor operative temperature across
different spaces during summertime (author)
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Figure 8.90 The impact of the entire building envelop upgrade proposed in Scenario 3 on annual cooling and heating
energy use (author)
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During the heating season, warmer indoor conditions were found across the house with the
average minimum temperature being 6 to 7 K higher than the one of the base model. This is
not only in the living room, which is the only space that is heated, but also in areas with no
heating supply, e.g. the main bedroom and corridor, where the mean operative temperature
remained above 16 °C (see Fig. 8.10). The temperature swing remained within the range of 3-
3.5 K and 0.5-1.0 K in the heated and unheated areas respectively. And on top of that, the
amount of energy required for heating dropped by 82% (from 4462 kWh to 833 kWh), a figure
that is equivalent to a 43 kWh/m?2.yr reduction in the total energy consumption. In total, with
the physical interventions introduced in this scenario, the potential energy saving in this
residential unitis predicted to reach up to 7556 kWh per year, which is equivalent to a reduction

of 4.9 tonnes of CO2 emissions if one considers kerosene as the main heating fuel.
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Figure 8.91 The impact of physical interventions proposed in Scenario 3 on indoor operative temperature across
different spaces during wintertime (author)

8.4.2.4 Scenario 4

In the fourth scenario where the selected fabric interventions are based on Passivhaus fabric
requirements, the overall performance was predicted to be even better. Although the indoor
thermal conditions over the cooling season appeared to be very close to those of the previous
scenario where almost a 5.0-6.0 K reduction in the average maximum temperature was
recorded, the annual energy consumption for cooling continued to fall. With the same
operation schedules of AC units, interestingly, the model needed only 1685 kWh, a figure that
is equivalent to 27% of the amount required in the case base model (see Fig. 8.12). In addition,
the temperature swings that occur due to the AC units being run intermittently in the living
room and main bedroom were found to be slightly smaller than those of the previous scenario,
being within the range of 2.5-3.0 K (see Fig. 8.11). Similar to the previous scenario, indoor

thermal comfort across both the intermittently air-conditioned rooms was evident. Both spaces
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met the 90% and 80% acceptability limits of ASHRAE adaptive comfort criteria, with no indoor

operative temperatures in excess of 28 °C.
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Figure 8.92 The impact of physical interventions proposed in Scenario 4 on indoor operative temperature across
different spaces during summertime (author)

7000

6000

70

5000 60
4000 50
3000 40
2000 30
1000 20
10

0

Annual energy consumption for cooling (kWh) 0

Annual energy consumption for cooling (kWh/m2)
W Base model W Scenario 4 W Base model W Scenario 4

4500 60
4000
50
3500
3000 40
2500
30
2000
1500 20
1000
10
500
0 I 0 I
Annual energy consumption for heating (kWh) Annual energy consumption for heating (kWh/m2)
M Base model B Scenario 4 M Base model B Scenario 4

Figure 8.93 The impact of the entire building envelop upgrade proposed in Scenario 4 on annual cooling and
heating energy use (author)
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The measures applied in this scenario continued in enhancing the performance even during the
heating season. Their contribution in providing comfortable thermal conditions can be clearly
noted especially in areas that had no access to heating, e.g. the main bedroom and corridor,
where the mean daily temperature remained within the range of 18 to 19 °C and 21 to 22 °C
respectively. Also in the living room when heating was turned off during sleeping hours, indoor
operative temperatures remained around 20 °C, which is just one degree lower than what was
normally there when heating was supplied (see Fig. 8.13). And despite all these extraordinary
outcomes, an enormous drop in the annual heating energy use was found where the house
needed just 182 kWh for the entire heating season to provide such comfortable indoor
conditions (see Fig. 8.12). And this is equivalent to 4% of the consumption shown by the case
base model, i.e. 4462 kWh. Overall, with the fabric interventions introduced in this scenario,
based on these simulated data, the house would require 23 kWh/m2.yr for both cooling and
heating, achieving savings of 8816 kWh per year. This is equivalent to a 5.9 tonnes reduction in
CO; emissions if one considers that the household would entirely rely on kerosene for heating

rather than electricity. If not, the reduction would be even greater.
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Figure 8.94 The impact of physical interventions proposed in Scenario 4 on indoor operative temperature across
different spaces during wintertime (author)

Figure 8.14 and 8.15 alongside table 8.6 bring the outcome of all the scenarios together and
illustrate the potential influence that each one of them can have on the energy and thermal
performance of this residential unit. It is clear that the fourth scenario followed by the third one
resulted in the highest improvement in thermal comfort levels and the highest reduction in
energy consumption, carbon dioxide (CO2) emissions, and of course energy bills. This is thanks
to the strictly controlled airflow and solar gains, high level of insulation throughout the fabric,
and quality windows. In terms of space heating and cooling demand, the former scenario as
indicated earlier needed almost 23 kWh/m?yr, a figure that completely complies with
Passivhaus standard that allows consuming up to 30 kWh/m2yr for cooling and heating
together. Meanwhile, the latter scenario exceeded the allowed limit by almost nine kWh/m?2.yr,

yet it still met the EnerPHit standard, which allows retrofitted buildings to perform at a slightly
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lower level of energy efficiency due to the more complicated nature of such buildings compared

to the new build ones.
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Figure 8.95 The impact of physical interventions proposed in all modelling scenarios on indoor operative
temperature across different spaces during summertime (author)
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Figure 8.96 The impact of physical interventions proposed in all modelling scenarios on indoor operative
temperature across different spaces during wintertime (author)
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Table 8.19 The simulated heating and cooling energy use of all the scenarios compared to the case base model
(Note: kerosene is considered as the main heating fuel in the calculations of heating costs and the related carbon

footprint)

: . Total Total
Heating Heating Cooling Cooling . . heating/cooling
Consumption Consumption Consumption Consumption heatlng/coc')lmg Consumption

(END USE) (per m2) (END USE) (per m2) Consumption p

(END USE) (per m2)

kg kg
kWh | kg CO2 | USD |kWh [ kg CO2 | USD | kWh |kg CO2 [ USD | kWh | kg CO, | USD [kWh USD |kwh uSD

co2 co2

Base

model |4462| 1160 |260| 53 | 13.8 | 3.1 |6221| 5105 |1555| 74 | 60.7 |18.5(10683 |6265| 1815 | 127 745|216
Scenario 1144651 1160 | 260 | 53 | 13.8 | 3.1 |4788| 3929 |1197| 56 | 46 | 14 |9250 |5089|1457 | 109 |59.8]17.1
Scenario 2| 10751 1060 | 238 | 48 | 12.5 | 2.8 |4206| 3451 |1052| 50 | 41 |12.5|8284 |4511|1290| 98 |53.5[15.3
Scenario 3| 933 | 217 | 48 | 10 | 2.6 | 0.6 |2294| 1882 | 573 [29.3| 24 | 7.3 {3127 |2099| 621 |39.3|26.6] 7.9
Scenario 4 | 182 | 47.32 [10.5| 2.2 | 0.6 |0.13|1685| 1383 | 345 | 22 | 18 | 5.5 |1867 |1430|355.5|24.4|18.6| 5.6

Despite meeting those standards in terms of energy use, it is worth noting that in both
scenarios, i.e. 3 and 4, the entire house was not fully granted comfortable indoor temperatures.
There were some indications of thermal discomfort mostly during the cooling season, especially
in the free-running areas such as the kitchen and rear bedroom that was left unoccupied all the
time. Introducing some behavioural and technological interventions that aim to provide ideal
indoor thermal conditions was therefore necessary. This is to find out how far the heating and
cooling energy use could exceed the allowed limits in the case base model as well as the best
two scenarios if thermal discomfort is to be avoided across the entire home during the occupied
hours. The changes as indicated earlier included providing all the habitable rooms (including
the rear bedroom) with heating/cooling during occupied hours at a level that meets CIBSE static
criteria. This is besides avoiding temperatures above 28 °C and below 15 °C in the kitchen and
corridor. This is something that one should bear in mind as such building efficiency upgrades
would likely raise the household's comfort expectations. The results are presented in the next

section.

8.4.3 Simulation results — the model under physical, behavioural and technological

interventions
Maintaining comfortable temperatures across the house during both cooling and heating
seasons led to a dramatic increase in the energy consumption in the case base model, recording
an increase of 8900 kWh in the total energy consumption (see Table 8.7). This is equivalent to
an increase of 4.5 tonnes of CO, emissions. The annual heating energy use increased by
approximately 110% (from 53 kWh/m?2.yr to 111 kWh/m?2.yr), and the expected increase in the
annual cooling energy use was found to be around 64% (from 74 kWh/mZ2.yr to 121 kWh/m?Z2.yr).
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Such increases in space heating and cooling energy use would very likely require the family to
spend around $3100 on energy to stay thermally comfortable throughout the year. And this is
something that is beyond their means as this amount of money represents almost 74% of their
annual income (regardless of the donations they occasionally receive).

Table 8.20 The predicted heating and cooling energy use of the third and fourth scenario and the case base model
when comfortable temperatures are maintained all year round across the house (author)

5 ) Total Total
Heating Heating Cooling Cooling . . heating/cooling
Consumption Consumption Consumption Consumption heatmg/coc.ﬂmg Consumption

(END USE) (per m2) (END USE) (per m2) Consumption P

(END USE) (per m2)

kg kg
kWh | kg CO2 | USD [kWh | kg CO2 | USD | kWh | kg CO>| USD | kWh | kg CO, [ USD |kWh USD | kWh usD

C02 C02

Base 9369 | 2436 | 543|111 | 28.9 | 6.4 [L0210| 8378 |2553| 121 99 |30.3|1957910814{ 3096 | 232 | 128 | 36.7
model

Scenario 3 (1317 | 342 | 76 (16.8| 4.4 1 (2651 2175 | 662 |33.8| 27.7 | 8.5|3968 |2517| 738 |50.6|32.1| 9.5

Scenario 4| 266 | 69 15 | 3.5| 0.9 | 0.2 |2050( 1682 | 512 | 27 | 22.2 | 6.8 |2316 [1751| 527 |30.5|23.1| 7
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Figure 8.97 The predicted heating and cooling energy use of the third and fourth scenario and the case base model
compared to Passivhaus and EnerPHit standards (note: comfortable temperatures are maintained all year round
within the predictions)

On the other hand, the results that emerged from the fourth and third scenario were
significantly lower, underlining the increased efficiency and effectiveness of their proposed
building envelopes. Interestingly, the former scenario showed the lowest increase in the total
energy, requiring just an extra 449 kWh (i.e. 6 kWh/m2.yr). This means that in total the house
with Passivhaus-based fabric interventions will just need 2316 kWh (i.e. 30.5 kWh/mZ2.yr) to
maintain comfortable temperatures all year round. This is equivalent to 12% of the expected

amount required for the case base model (i.e. 232 kWh/m?2.yr), and it is just 0.5 kWh/mZ2.yr
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above the allowed limit by Passivhaus standard (see Fig. 8.16). Among those 2316 kilowatt-
hours, only 266 kWh (i.e. 3.5 kWh/m?.yr) were used for heating throughout a year, an amount
that will annually cost the family somewhere around $15 if kerosene is to be used as the heating
fuel. This means that with this Passivhaus-based scenario the household would no longer need
to go through all the difficulties that they experience over the winter period to cope with the
harsh indoor thermal conditions. With no doubt, such a highly efficient performance is mainly
attributed to the high levels of insulation and airtightness applied across the building envelop

as well as the use of highly efficient window openings.

With the third scenario, meanwhile, the increase in the total energy consumption was relatively
higher reaching up to 841 kWh (i.e. 11 kWh/mZ2.yr). And this is understandable given the
efficiency differences of the physical interventions of both scenarios. The stringent Passivhaus
standard could not be achieved with this scenario, but still the resulting consumption was
significant. It was indeed very close to meeting the EnerPHit standard, a slightly relaxed
standard allowing consumption of up to 50 kWh/m?.yr for cooling and heating together. In total,
the house needed 3968 kWh (i.e. 50.6 kWh/m?2.yr) to maintain comfortable temperatures all
year round, an amount that accounts for one-fifth of the expected amount required for the case
base model. From this amount, one third which is 1317 kWh (i.e. 17 kWh/m?.yr) was used for
heating throughout a year, costing the family somewhere around $76 if they rely on kerosene.
Similar to the Passivhaus fabric-based scenario, one could argue that with this scenario the
family would no longer need to go through all the difficulties that they experience over the

winter period to cope with the harsh indoor thermal conditions.

8.5 Case study 4
8.5.1 Modelling scenarios

Following the validation process, as with the previous case study, three upgrading scenarios
were examined for case study 4 which took into account the different socio-economic context
the case study has. In the first scenario, the researcher replaces the pitched corrugated steel
roof. This is an element that receives sunrays during the day, leads the attic to be a heat trap,
and increases the heat gains which in turn cause an unfortunate impact on indoor thermal
conditions, mainly in the first-floor rooms. Inspired by western architecture, in fact, this
imported building element has been increasingly adopted in recent years as an aesthetic
element all over the region, especially in the newly built housing estates. It is placed right above
the flat roof almost like a hat to give a house a sort of western identity. This is without
considering the potential contribution that such an element makes in raising the indoor
temperatures and increasing the cooling loads that in turn lead to high electricity bills and

CO2 emissions. Bearing in mind the aesthetic reasons for using such an element in the English
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village where the case study is located, instead, the researcher proposes a pitched roof pergola.
This is to shade the concrete flat roof, allow better airflow and avoid heat being trapped above
it while giving the building a similar visual appeal to that of the corrugated gable roof (see Fig.
8.17). With such a physical intervention, most likely, the household will no longer need to run
evaporative air cooler the whole day to mitigate the impact of heat trapping. Despite the
family's wealth enabling them to afford more complicated and advanced energy efficiency
improvements, this upgrading scenario is mainly developed to evaluate how far the corrugated
roof influences the building’s thermal and energy performance during the cooling season. For
this, changes are made to the case base model in DesignBuilder for simulation and assessment.
As with the previous case study, the author is not expecting this scenario to have a notable

impact during the heating season.

Figure 8.98 Showing the proposed gabled roof (author)

Moving to the second scenario, as with the third scenario of the previous case study, emphasis
is placed on the entire building envelope using locally available construction materials,
components and techniques. Besides the replacement of the pitched corrugated steel roof,
notable reductions in the U-value of the window openings, exterior doors and walls, floor, and
roof are applied. The existing double-pane window openings are replaced with low-E argon-
filled ones resulting in a 1.1 W/m2.K reduction in their U-value (i.e. from 2.6 W/m%K to 1.5
W/m?.K). Bearing in mind thermal bridging, moreover, a 50 mm thick straw-based insulation
board and a layer of compressed earth-based bricks are added to the external brick walls
leading to a 1.15 W/m?2.K reduction in their U-value (i.e. from 1.5 W/m2.K to 0.35 W/m?.K). Due
to the village's rules with regard to changes affecting the external appearance of the houses,
the limestone cladding should stay in place, something that would technically cause some
difficulties in reality while upgrading the walls. Furthermore, the U-value of the flat roof is
reduced from 2 W/m?2K to 0.28 W/m? K through using a certain roof construction type. It is
composed of: a suspended ceiling as an innermost layer, air gap, 50 mm thick straw-based
insulation board, the existing 200 mm thick concrete slab, vapour control layer, 50 mm thick
straw-based insulation board, 50 mm thick screed, and a waterproofing layer as an outermost
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layer. On top of that, the pitched roof pergola comes to shade the flat roof. Insulation upgrades
are also applied to the floor in contact with the ground causing a 1.9 W/m?2.K reduction in its U-
value (i.e. from 2.4 W/m?2.K to 0.5 W/m?2.K). It is noteworthy that all these targeted figures are
in line with what is recommended by the Building Control Regime developed by UNDP-Iraq.
These changes are applied to the case base model in DesignBuilder where assessments are

carried out.

Aiming to meet the Passivhaus requirements in the third scenario, as with the fourth scenario
of the previous case study, the building fabric is upgraded further. Attention is given to the
quality of windows, insulation, and airtightness along with keeping the pitched roof pergola in
place. The U-value of all the fabric elements including exterior doors, windows, walls, roof and
floor are significantly reduced to a level lower than what is allowed by the PH standard. Starting
with the window openings, triple glazed and argon filled ones that normally come with a U-
value lower than 0.8 W/m?2.K are used. As these windows are commercially available in the
capital Erbil where the English village is located, transportation fees will not be an issue for this
case. Moreover, the U-value of the external walls, roof, and floor in contact with the ground is
reduced to 0.12, 0.13, 0.13 W/m?2.K respectively. These values are achieved using the same
construction layers applied in the previous scenario with only one change concerning the
thickness of straw-based insulation layer. Instead of the 50 mm thick insulation layer applied in
the previous scenario, a 250 mm thick one is used for the walls and floor and two 120 mm thick
layers are used for the roof. Apart from increasing the level of insulation across the building
envelope, emphasis is also placed on the level of airtightness. The model’s air infiltration rate
at 50 Pa in DesignBuilder is set to 0.6 air changes per hour, a figure that needs to be achieved

in PH buildings. Table 8.8 shows briefly the differences between the three upgrading scenarios.

Table 8.21 The differences between the upgrading scenarios (author)

Upgrading Ext windows Ext. walls Roof
scenarios Roof covering U-value U-value U-value
Base model Y (pitched metal roof) 2.6 W/m2.K 1.5 W/m?.K 2 W/m?2.K
Scenario 1 Y (wooden roof pergola) 2.6 W/m2.K 1.5 W/m2.K 2 W/m2K
Scenario 2 Y (wooden roof pergola) 1.5 W/m?.K 0.35 W/m2.K 0.28 W/m?2.K
Scenario 3 Y (wooden roof pergola) 0.78 W/m2.K 0.12 W/m2.K 0.13 W/m2.K

All these scenarios are simulated individually along with the case base model to see how
effective they are in reducing heating/cooling loads and providing indoor thermal comfort. In
this case study, unlike the previous one, no heating and/or cooling equipment are added to the

habitable rooms as they are all originally fitted with air-conditioning units. And as the family's
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economic status enables them to operate the units and keep the home at the right
temperature, only one set of simulations is undertaken considering all the scenarios as well as
the case base model to be providing ideal indoor conditions during the occupied hours. These
are Saturday to Thursday (9 amto 3 pm, 5 pmto 11 pm) and (3 pmto 5 pm, 11 pm to 8 am) for
the living room and bedrooms respectively. During these hours, accordingly, the same cooling
and heating setpoint temperatures are used in all different scenarios in a way that meets CIBSE
static criteria. The former is set at 24 °C for both the living room and bedrooms, while the latter
is setat 22 °C and 20 °C for the living room and bedrooms respectively. The kitchen and corridor
are also provided with cooling and heating through setting setback temperatures allowing them
to avoid temperatures above 28 °C and below 15 °C during the occupied hours. It is worth
mentioning that three out of four bedrooms on the first floor are unoccupied and thereby are

not included in the calculations and total floor area.

8.5.2 Simulation results

The next sub-sections show the predicted impact of each upgrading scenario on the

performance of the house.

8.5.2.1 Scenario 1

Starting from the outcome of the first one, the contribution that replacing the pitched
corrugated steel roof with the pergola one does to the optimisation of the building’s
performance appeared to be quite humble. As figure 8.18 illustrates, only a 0.5 to 0.7 K
reduction in the summertime average maximum temperature of the upper floor's rooms was
predicted. Although the annual cooling energy use dropped by 547 kWh, which is equivalent to
2.7 kWh/m2.yr reduction in the total energy consumption, the amount of energy required for
heating increased from 7305 kWh to 8250 kWh (see Fig. 8.19). Perhaps this indicates the role

the corrugated steel roof and the air gap beneath play in lowering heat losses through the flat

roof.
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Figure 8.99 The impact of the intervention proposed in the first scenario on indoor operative temperature across
upper floor's spaces during summertime (author)
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Figure 8.100 The impact of the intervention proposed in the first scenario on the annual cooling and heating energy
use (author)

8.5.2.2 Scenario 2

The building efficiency in the second scenario where the entire building envelope was upgraded
was found to have significantly improved using the same cooling and heating setpoint
temperatures. This is evident from both energy-saving and thermal comfort perspectives.
During the heating season as figure 8.20 illustrates, for example, the average minimum
temperature was found to be 3 to 5 K higher than the one of the base model. The temperature
swing remained within the range of 3 to 3.5 K in the habitable rooms where heating is available
and 0.5 to 1.0 K in the kitchen and corridor where heating is only supplied when the operative
temperature falls below 15 °C. And despite all of that, as figure 8.22 shows, the annual heating
energy consumption fell considerably by approximately 78% (from 7305 kWh to 1615 kWh).

This is equivalent to a 28 kWh/m?2.yr reduction in the total energy consumption.

Over the cooling season, a 4 to 5 K reduction in the average maximum temperature was noted
in the upper floor spaces (see Fig. 8.21). In fact, the role of the proposed building fabric upgrade
in delaying the heat transfer is unquestionable as on average the temperature swing remained
within the range of 3-4 K. And despite that, the amount of energy required for cooling dropped
by 47% (from 9354 kWh to 4982 kWh), a figure that is equivalent to a 20 kWh/mZ.yr reduction
in the total energy consumption. In total, with the physical interventions introduced in this
scenario, the potential energy saving in this house is predicted to reach up to 10062 kWh per
year. This is equivalent to a reduction of approximately 5.1 tonnes of CO2 emissions if one

considers kerosene as the main heating fuel.
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Figure 8.101 The impact of the physical interventions proposed in Scenario 2 on indoor operative temperature
across different spaces during wintertime (author)
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Figure 8.102 The impact of the physical interventions proposed in Scenario 2 on indoor operative temperature
across different spaces during summertime (author)
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Figure 8.103 The impact of the physical interventions proposed in Scenario 2 on the annual cooling and heating
energy use (author)

8.5.2.3 Scenario 3

Moving to the third and last scenario where the selected fabric interventions are based on
Passivhaus requirements, the building efficiency was predicted to be even further increased.
Starting with the cooling season, even though the simulated indoor operative temperatures
appeared to be very close to those of the previous scenario with slightly smaller temperature
swings (see Fig. 8.23), further reductions in annual cooling demand were expected. As figure
8.25 demonstrates, the amount required was found to be around 4322 kWh, which is about
46% of the cooling demand in the case base model. This is despite using the same cooling
setpoint temperatures and operation schedules for the air conditioning. In addition, the
measures applied in this scenario offered further improvements to the building performance.
As shown in figure 8.25, the simulations predicted a significant drop in the heating demand
showing that the dwelling would just need around 2.1 kWh/m?Z.yr, and this equals 19% of the
base model consumption. During the wintertime occupied hours, however, the results show a
possibility for both the living room and upper floor bedroom to experience temperatures in
excess of 25 °C (see Fig. 8.24), a fixed threshold that indoor operative temperatures of a
Passivhaus building should not exceed for more than 10% of the occupied hours per year. These
indoor thermal conditions are most likely driven by the high levels of airtightness and insulation
that the building fabric provides. If such higher temperatures are to be avoided, the occupant
would need to open the windows from time to time to let fresh air in and slightly cool down the

indoor environment. If this were the case, then overall, the house would presumably need
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Figure 8.104 The impact of the physical interventions proposed in Scenario 3 on indoor operative temperature
across different spaces during summertime (author)
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Figure 8.105 The impact of the physical interventions proposed in Scenario 3 on indoor operative temperature
across different spaces during wintertime (author)
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around 27 kWh/m2.yr for both cooling and heating. However, if that was not the case and the
occupants relied on air conditioning instead of opening windows to avoid temperatures in
excess of 25 °C during wintertime occupied hours, the annual cooling energy use would likely
increase from 4322 kWh to 5170 kWh (i.e. from 24.6 to 28.8 kWh/mZ.yr). Accordingly, the total
annual energy use for both cooling and heating would jump to around 31 kWh/mZ2.yr. In any
case, however, the house with Passivhaus-based fabric interventions would save around 11-12
MWh. This in turn will reduce CO; emissions by 5.2 to 6 tonnes if one considers that the

household would entirely rely on kerosene for heating rather than electricity.
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Figure 8.106 The impact of the physical interventions proposed in Scenario 3 on the annual cooling and heating
energy use (author)

Table 8.9 presents the outcome of all those three upgrading scenarios together and shows the
expected reductions that the house can achieve in space heating and cooling demand, carbon
dioxide (CO2) emissions, and energy bills with the measures applied in each scenario. From the
table, as with the previous case study, it is clear that the building fabric developed in the third
scenario is the one leading the house to be most efficient where the Passivhaus standard with
respect to annual cooling and heating demand is met. As can be noted from the table and figure
8.26, the second scenario is also close to that level with only 5.6 kWh/m2.yr in excess of what

the standard allows, i.e. < 30 kWh/m?2.yr.
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Table 8.22 The simulated heating and cooling energy use of all the scenarios compared to the case base model
(Note: kerosene is considered as the main heating fuel in the calculations of heating costs and the related carbon

footprint)
; ; Total Total
Heating Heating Cooling Cooling . . heating/cooling
Consumption Consumption Consumption Consumption heatlng/cot?lmg Consumption
(END USE) (per m2) (END USE) (per m2) Consumption p
(END USE) (per m2)
kg kg
kWh | kg CO2 [ USD [kWh kg CO2 | USD | kWh [ kg CO2| USD | kWh | kg CO>|USD | kWh UsD | kWh usb
C02 C02
Base
model 7305| 1900 | 425 (36.7| 9.5 |[2.13|9354| 7676 (2339|47.2| 38.7 [11.8|16659 (9576|2764 | 83.9 (48.2| 14

Scenario 11 g,50| 2146 | 480 |41.7| 10.8 | 2.4 |8807| 7227 |2202|44.5| 36.5 |11.1|17057 |9373| 2682 | 86.2 |47.3[ 135

Scenario 2| 10451 420 | 94 | 87| 2.3 |05 |4982| 4088 |1245(26.9| 22 | 6.7 |6597 |4508| 1339 |35.6(24.3| 7.2

Scenario 3| 378 | 98 22 |2.15| 0.5 |0.13|4322| 3546 (1080(24.6| 20.2 | 6.1 {4700 |3644| 1102 | 26.8 [20.7| 6.2
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Figure 8.107 The predicted heating and cooling energy use of the second and third scenario and the case base
model compared to Passivhaus and EnerPHit standards (author)

8.6 Conclusion

Using dynamic building simulation, parametric analysis has been performed on energy saving
potential and thermal comfort provision in two residential units marked by different
architectural styles and building characteristics and occupied by two socioeconomically distinct
households. A number of energy-saving measures ranging from simple to ones that are more
complicated has been tested under the climate conditions of Iraqi Kurdistan with a primary

focus on the efficiency of building fabric.
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What emerged from the analysis is that when a single physical intervention, such as roof
shading or windows replacement, is applied individually, the degree of improvement in the
building performance remains insignificant. Whereas when the entire building envelope,
whether through applying the Passivhaus-based approach or the slightly relaxed proposal, is
upgraded, the outcome appears to be very encouraging and presents exceptional potential in
boosting the building efficiency. It alone does not guarantee to keep indoor spaces at
comfortable temperatures all year round in such a climate region, but indeed, it leads to a
massive reduction in annual space cooling and heating demand while keeping the diurnal

temperature variations very low.

With applying the PH-based scenario, for instance, the demand (heating and cooling together)
can be kept around 30 kWh/m2.yr while ideal indoor thermal comfort conditions are provided
during the occupied hours. This amount represents somewhere between 12 to 28% of what
would normally be consumed by the case base dwellings when similar indoor conditions are
provided. This percentage varies to some extent from a house to another depending on the size
and quality of the existing building, and of course comfort expectations of its occupants. Despite
such an exceptional achievement, the findings suggest that the likelihood of annual cooling
demand exceeding 15 kWh/m2.yr under such hot climate conditions is inevitable. This is
consistent with what Schnieders et al. (2015) and Abu-Hijleh and Jaheen (2019) found when
conducted assessments on the effectiveness of applying the PH approach in Abu Dhabi and
Dubai. Also given the high levels of airtightness and insulation that this fabric first approach
provides, as previous researches indicated (see chapter 2), the findings reveal a possibility for
indoor temperatures to exceed 25 °C during the heating season when cooling is no longer
provided. Opening windows is therefore important from time to time to promote natural

ventilation and avoid such a phenomenon and any potential increase in cooling loads.

While with the slightly relaxed scenario of building envelope upgrade, the demand represents
somewhere between 20 to 38% of what would normally be consumed by the case base
dwellings when similar indoor conditions are provided. Again, the variation in this percentage
is likely contingent on the size and quality of the existing building as well as the comfort

expectations of its occupants.

The findings also suggest that both upgrading scenarios are most effective during the heating
season where 2 to 3.5 kWh/m2.yr are found to be enough to keep the homes at the right
temperatures despite the cold weather conditions that the region faces during the wintertime.
This indicates that households, especially those classed as fuel poor, would no longer need to
go through all the difficulties that they experience over the winter period to cope with the harsh

indoor thermal conditions if one of those upgrading scenarios is to be applied. Given the more
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challenging nature of the PH-based scenario in terms of technical complexity and cost-
implications involved, however, one may prefer the slightly relaxed proposal to the PH-based
approach, especially when it comes to retrofit projects or projects with limited budgets. This is
because the differences in their energy efficiency and thermal comfort outcomes are not so

significant.
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Chapter 9

Conclusions and final remarks

8.1 Overview

In this chapter, the author concludes the research and provides a summary of the main findings

followed by suggestions for future work.

The research aimed to investigate the application of the fabric first approach to design and
construction within the residential context of Iraqgi Kurdistan (KRI) and explore how important
it could be in freeing people from the increased reliance on energy to maintain a reasonable
standard of thermal comfort. The study attempted to revisit the Passivhaus principles to
develop a realistic model to upgrade buildings in a way that is appropriate and feasible for that

part of the world across the socio-economic spectrum.

As outlined in Chapter 2, the core concept of this construction line of creating environmentally
optimised buildings lies in prioritising the performance of the building envelope over the use of
mechanical means of heating and cooling. It gives the components and materials that make up
the envelope careful consideration, maximises the level of insulation and airtightness across
the building fabric, and avoids thermal bridges to minimise the amount of energy required to
maintain thermal comfort. One of the very advanced and ambitious versions of fabric first
approach is the Passivhaus standard developed by Wolfgang Feist in the early 1990s in
Germany. In reliance on such a set of principles, the standard aims to keep the primary energy
demand considerably low, i.e. <120 kWh/m2yr, while providing comfortable thermal
conditions all year round. The interest in this standard grows as concerns about climate change
increase. Across European countries and beyond, in fact, building in accordance to Feist’s
approach is on the rise. As of June 2021, there were over 65000 certified PH buildings all around
the world. The vast majority are located in Scandinavia and German-speaking states
experiencing lower temperatures most of the year, countries that are highly advanced in terms

of building technology.
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In this thesis, however, the researcher attempted to understand the general principles and
apply them to a sample of existing buildings in Iraqi Kurdistan to explore how far one can push
the performance in a less intrusive way. This is in a completely different climate context where
thereis a high demand for both cooling and heating. The author also explored their applicability
in the light of limited economic resources, locally available skills, construction methods and

materials across the region.

In the first part of this thesis, a questionnaire survey followed up by in-depth interviews with
key stakeholders engaged in the building industry were conducted. This was to understand the
context and get an in-depth insight into the mainstream construction culture in the KRl and the
possible problems that are faced there. This helped defining the underlying factors that would
determine the nature of the fabric first approach in the region in terms of the materials used,
skills and technical solutions needed, etc. Then summertime and wintertime investigations
were carried out on a sample of dwellings occupied by socio-economically distinct households.
This aimed to get an in-depth insight into their energy and thermal performance, the nature of
the architectural fabric, the role of technology and behavioural factors for the development of

computer-based models and building fabric upgrading scenarios that are culturally embedded.

Following that, the author developed a range of hypothetical scenarios firmly guided by the
principles of fabric first and the understanding of the cultural context and the socio-economic
considerations that had impacted the people’s lives in the case studies. Then modelling through
DesignBuilder was undertaken to test the propositions, i.e. upgrading scenarios, and explore
the potentiality they have in terms of increasing thermal comfort, reducing energy consumption

and CO; emissions, and meeting Passivhaus criteria.

8.2 Key findings

From the findings of this thesis, some fundamental conclusions and observations can be drawn

as follow:

e Contrary to expectations that one would normally have about energy demand in hot
climate regions, in the KRI, both space cooling and space heating contribute almost
equally to the rising demand for energy. This is evident across the case study houses
presented in Chapter 7. The region, in fact, experiences both hot summers and cold
winters although the latter do not normally receive enough attention when addressing
questions of energy and thermal comfort. Designing in such an environment must

therefore give careful consideration to both seasons and maximising heat retention
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must be at the top of designers’ agenda when dealing with the high demand of keeping

the buildings warm.

Envelope-wise, as demonstrated in Chapters 6 and 7, poor thermal efficiency seems to
be a common feature that residential buildings are generally characterised by in the
region. Thermal bridges, air infiltration, and lack of thermal insulation are amongst the
common weaknesses associated with the building fabric. No matter how wealthy or
poor the households are or how new or old the dwellings are, normally, U-values of
building envelope elements are very high in comparison to what is required by modern-
day energy-efficient standards. Those of opaque elements, for instance, often exceed
3 W/m?.K. This affects the indoor thermal conditions and the way building occupants
interact with their immediate environment and opens the road for excessive use of
heating and cooling technologies to make the buildings inhabitable. Getting anywhere
near meeting a reasonable standard of thermal comfort all year round across the entire
house, in fact, becomes an energy-intensive task. It leads to an increased rise in energy
demand and puts an extreme strain on the capacities of the energy sector in northern
Iraq. This is where load-shedding is a common daily practice, especially at peak periods
when demand is high. When access to cooling and heating becomes limited,
experiencing poor indoor thermal conditions becomes inevitable. In dwellings with
more than one floor, in particular, migration pattern becomes an integral part of
occupants’ adaptive behaviour. As a result of roof’s prolonged exposure to high solar
radiation and temperatures during summertime and its failure in delaying heat transfer,
the top floor is often left unoccupied throughout the daytime, especially when
occupants cannot afford the constant use of mechanical controls. In such cases when
affordability becomes an issue, the element of human behaviour becomes much more
engaged in controlling the indoor environment, something that is clearly observed with

low-income households.

The rise in energy consumption associated with the use of heating and cooling
technologies can be addressed by shifting the focus towards the efficiency of the fabric,
something which has been forgotten. With upgrading the efficiency of the entire

building envelope following the principles of fabric first, one can create a situation where
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the level of indoor thermal comfort is necessarily improved with a significant reduction
in cooling and heating demand and CO; emissions. People would still need to use heating
and cooling technologies to maintain thermal comfort but in a much more efficient way.
This is evident in Chapter 8 where the upgrading propositions were tested using dynamic

building simulation.

e In a full assessment of two upgrading scenarios, improving the level of airtightness
across the building fabric and reducing the U-values of its elements demonstrated some
great potential. Despite being a highly ambitious target, the investigations showed the
possibility of meeting even western standards of thermal comfort, e.g. ASHRAE and
CIBSE standards, in the climate context of Iragi Kurdistan. This is while achieving
somewhere between 60 to 86% reduction in annual space cooling and heating demand.
Such a range depends mainly on the level of upgrade and the size and quality of the
existing building. As outlined in Chapter 8, the physical interventions of one scenario
were fully guided by Passivhaus requirements where the U-value of opaque building
components (i.e. external walls, floor, and roof) and the one of windows should not be
greater than 0.15 and 0.8 W/m?2.K respectively. The other proposition was simply a
slightly relaxed version of the PH-based one allowing slightly higher U-values. With the
PH-based scenario, the simulation results showed the possibility of keeping space
annual cooling and heating demand around 30 kWh/m2.yr, while with the slightly
relaxed one there is a possibility to keep the demand around 50 kWh/m?2.yr or even
slightly lower. With such upgrading propositions, interestingly, the space heating
demand drops dramatically where the former scenario requires no more than 3.5
kWh/m?2.yr to keep the homes at the right temperatures during the heating season
while the latter scenario requires no more than 17 kWh/m?2.yr. Such resulting figures
are significant when compared to the amount of energy consumed by the real buildings

for the same purpose.

¢ Moving to a much larger scale, if the proposed fabric first-based upgrading scenarios
were to be applied across the KRI’'s existing housing stock, which is the largest
contributor to energy consumption (responsible for 41% of the KRI's energy use), the

benefits are expected to be remarkable. As of 2015, the total number of dwellings in
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northern Iraq was 1,140,309. Around 319,286 units of them were estimated to have
similar conditions to those of case study 1, i.e. the one occupied by the low-income
household. Applying the slightly relaxed building fabric upgrading proposition across
this group of dwellings could lead to substantial energy savings, somewhere around 5
million megawatt-hours (i.e. 27% of the amount consumed by the KRI's residential
buildings in 2015). This is while improving the thermal environment and perhaps
minimising the level of adaptive behaviour. Such a substantial energy saving will surely
help the region to tackle the growing energy shortage and reduce fuel poverty. This is
besides lowering the use of private generators which according to government data
(see Kassamani, 2018) cause too much damage to the KRI’s environment and people’s

health as a result of the amount of pollution they produce.

If the abovementioned level of reduction in space heating demand could be achieved,
furthermore, such an application across the housing stock will significantly limit the
increased use of kerosene, the main heating fuel in northern Irag. Taking the low-
income group as an example, again, applying the slightly relaxed upgrading proposition
across their dwellings could result in a substantial saving in kerosene use (up to 248
million litres). This will help the region to limit the potential risks attributable to the
inefficient use of kerosene and their associated costs. These include fire hazards and
carbon monoxide poisoning which give rise to serious health problems (e.g. shortness
of breath and loss of consciousness) that cost the KRI’s health service a lot and lead to

innumerable tragedies.

In terms of climate change mitigation, promoting the building fabric following the
abovementioned propositions can contribute in a substantial reduction in CO,
emissions. This is something that Iraq, a country that is responsible for almost 0.6
percent of global GHG emissions, agreed to fulfil in the Paris Agreement. Back then, the
country set a target to accomplish a 15% reduction in greenhouse gas emissions by
2035. This could arguably be considered as a humble target when compared to what
the European Union set to achieve. KRI, meanwhile, set a more ambitious target and
promised to achieve through implementing sustainable energy action plans at least

40% reduction in GHG emissions by 2030 (Kassamani, 2018). Nevertheless, such
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initiatives and promises have remained on paper and have not received the necessary
political support as a result of the harsh political landscape in the country. No legislation
whatsoever has been in place to regard climate change consistent with the agreed
target, one of the key reasons why the country’s annual CO; emissions are still rising. In
fact, Iraq is identified as one of the countries that are severely impacted by climate
change. Sand and dust storms, deficiency of precipitation, and rising temperatures are
among the challenges facing the country. In the KRI, according to government data, the
residential sector is the largest contributor to carbon emissions (Kassamani, 2018). It is
responsible for almost 54% of the region’s annual CO, emissions. Accordingly,
upgrading the building envelope across the existing housing stock in Iragi Kurdistan
could strongly help the region to achieve the climate targets that the government is
committed to and reduce their carbon footprint. Taking the low-income group as an
example, again, applying the slightly relaxed upgrading proposition across their
dwellings could result in a remarkable reduction in CO, emissions (somewhere around
2.65 million tonnes of CO, emissions). This is equivalent to 24% of CO; emissions

produced by the KRI’s residential buildings in 2015.

e Given the socio-economic and socio-technical conditions in northern lIraq, as
thoroughly discussed in Chapter 5, one should accept that this fabric transition across
the existing building stock is a challenging task despite all the aforementioned
encouraging benefits. The process will likely be hamstrung by a set of political,
economic, and technical barriers in which their impact on the degree of success and
speed of transition is unquestionable. Starting from the political landscape, the
research found that the existing legislative environment shows generally a very modest
interest in energy saving. There is still no Energy Conservation Building Code and
regulation in which homebuilders, design professionals and real estate developers
comply with. This generally leaves design and construction practices across the region
not to be subjected to any obligatory requirements that concern sustainability and
energy efficiency. With the absence of such regulatory support, in fact, triggering the
public to invest in this fabric transition will not be a five-finger exercise, especially in a

region that is increasingly susceptible to political instability.
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Economic-wise, upgrading the building envelope following the principles of fabric first
requires special construction techniques, components and materials (such as energy
efficient windows and appliances, super thermal insulation, etc.), and more time. These
tend to add extra direct costs to the total construction cost. In an environment marked
by an economic downturn and increased levels of poverty and inequality, those

associated costs become anissue, especially for those with limited investment capacity.

Moving to the technical side of this transition, applying fabric first interventions
requires a different knowledge base from what the majority of the workforce possess.
It requires greater attention to be paid to things like solar gain, insulation, air leakages,
thermal bridges, etc. This in turn presents another challenge which can slow down the
transition process given the skills shortage and the fact that the region is still at quite
an early stage of introducing the concept of energy efficiency to the construction

sector.

Considering those challenges, introducing the full Passivhaus fabric requirements as a
model to upgrade the housing stock might not be realistic and realisable within the
context of KRI at the current time, mainly for low-income people. However, the
principles could still be applied but they need to be slightly relaxed in order to be
economically and technically viable for all socio-economic groups. However, the
guestion would still remain as whether such relaxation would make it a leading trend
across the industry. In this regard, introducing financial aid mechanisims and support
programmes in the form of subsidies or loans by the KRG would be central especially

for those with limited investment capacity.

In the early stages, it is important to introduce the principles in a form of voluntary
standard to build up the capacity and skills over time in a way that becomes a learning
process for the whole industry. At this stage, establishing the necessary training
programs by educational institutions and changing the curriculum in a way that

introduces and focuses on energy-efficient techniques would be necessary.
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8.3 Future work

Further investigations need to be carried out within the KRI’s context to estimate the additional
costs associated with the application of fabric first principles. This is to explore how significant
they are in comparison to the long-term economic and environmental benefits those
interventions generate over the building’s life cycle e.g. the savings that result from the
reduction in energy consumption and lower maintenance, and improved indoor comfort level
and quality of life. As the predicted benefits are based on simulations, it is also of paramount
importance to evaluate the performance of the real building(s) built based on fabric first
principles to see how they perfrorm in reality under the harsh climate conditions of the KRI. For
this, as a follow-up for the findings of this research, the author is aiming to carry out
summertime and wintertime investigations on the performance of the two-storey house he
designed based on fabric first principles in the City of Duhok (see Appendix E). This is to provide
a full assessment of its energy and thermal performance in comparison with the predictions

made through simulations.
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Appendices

Appendix A. Energy efficiency and the built environment: A Survey Questionnaire

A.1. English version

Survey Questionnaire

Towards low-energy buildings

Dear Participants,

You are asked to take part in a survey questionnaire distributed to professionals engaged in the
construction sector in the region to collect data about the current status of energy efficiency in
buildings. The results of the survey will be used to develop a framework for applying building
energy efficiency standards, which help improving building's indoor comfort and reducing its
energy consumption for cooling, lighting, heating and etc.

The survey is conducted by a PhD student at University of Kent. The details about the researcher
are available at https://www.kent.ac.uk/architecture/people/profiles/abdulkareem-haval.html

Your time and effort that you will make in completing this survey questionnaire is highly
appreciated. Please take some time to read through the following information before you start
filling the form. If at any point you have any questions, please do not hesitate to ask the
researcher, Haval Abdulkareem, or contact him at any time at: ha387@kent.ac.uk

Overview

During the last decade, Kurdistan has experienced a construction boom leading to a rapid
expansion in the size of cities owing to factors like growing population, economic growth, refugee
crises and urbanization. Data shows that most of the projects being undertaken are residential
buildings in order to meet a rapid growth in housing demand. However, buildings in the region are
characterized with severe excess of electrical usage due to their quality deficiency, and air-
conditioning is the key component of such consumption to ensure the thermal comfort of the
indoor environment. This has put an extreme strain on the capacities of energy sector. Electricity
supply from all sources was reported to be 12-16 hours per day, and many existing dwellings
experience both overheating and overcooling throughout the year. Accordingly, the level of indoor
thermal discomfort and high rates of energy consumption will continue unless the way that
buildings are constructed is changed.

The aim of this study

This study aims to develop a framework for applying building energy efficiency standards to
housing sector in Kurdistan. Practitioners engaged in the construction are invited to take part in
the study to explore a broad set of factors concerning the adoption of low-energy buildings.

Please move to the next page to start answering the questions.
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Please answer the questions by putting an “x” in the box for the answer or answers that come
closest to your opinion, or by writing your answer in your own words.

1- Please indicate your degree level and the country in which you obtained it (tick all that apply)

[ Bachelor, please specify the country

[ Diploma, please specify the country

[J Masters, please specify the country

Doctorate/ PhD, please specify the country UK

[ other, please specify

2- How long is your experience in the construction sector?

[ Lessthan 5 years [J5-10years [<10-15years [115-20years [ More than 20 years

3- Please specify the type of firm you are representing:
[ Architecture Civil Engineering [J Project Management [J Contractor

[ Other, please specify

4- Are you aware of the environment-friendly construction practices strategy set by Kurdistan
regional government in 2012?

[1 Yes. Please specify which one briefly,

No. Please explain the reason briefly,

This is due to the lack of advertising and even the local government was not serious of applying
that strategy in the ground. Furthermore, the penalty of not applying that strategy by the
contractors is nothing.

5- How do you rate the level of desire amongst your clients for energy-efficient buildings?

[Energy-efficient buildings: buildings that use relatively little energy to provide comfortable indoor conditions]

[ Very high [ High (] Medium O Low O Very low

Please explain the reason briefly,

This is belonging to the cost of the materials used for building because the energy-efficient
construction needs more cost compare to conventional. Furthermore, there is no support or
even rules from the government to implement or use the energy efficient techniques
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6- Does your firm use energy efficiency methods and techniques?

[For instance, insulating a building which allows its users to consume less energy for cooling or heating]

Xl No [ Plan to use [ Yes [ Other, please specify

7- If yes. For which building type does your firm use energy efficiency methods and techniques?
(tick all that apply)

[JResidential [ICommercial [JEducational [Offices [lother, please specify

8- If your answer is yes for question 6, what kind of methods and techniques does your firm use?

Please specify briefly,

9- Which factor do you consider most important when choosing building materials for a project?

[ Recycled materials Initial cost B Durability [0 Aesthetic [ locally manufactured
[ Thermal properties of the material [ Workforce capacity (the labourers' skills)

[] Other, please specify

Please explain the reason briefly,

This attributed to the mentality here or the culture because the people or even the government
seek to achieve the selected factors or these are the benchmark for comparison between any
two constructions in Kurdistan

10- Please indicate the importance of the following factors when you choose building materials

Factor Least important Somewhat Neutral | Important | VeryImportant
important

Thermal properties X
Initial cost X
Durability =
Aesthetic =

Recycled materials =

Locally manufactured =
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11- Do you use computer-based modeling to estimate building's energy and thermal performance at
the design stage?

[Computer-based model is a computer program that is designed to help engineers and designers to predict the
energy and thermal performance of any project in addition to other measurements such as CO2 emissions]

[ Yes No. Please explain the reason briefly,

Because that simulation needs extra cost and the customer or even the government (in the
contractions) are not ready to pay that fees to the designer or to the engineer. On the other
hand, there is a lack of scientific research illustrating important of that simulation and how this

step will save money to people and to the government

12- If yes. What modelling programme do you use? Please specify

13- Do you think it is time for the housing sector in the region to apply energy efficiency standards?
Yes [ No

Please explain the reason briefly,

Due to the increasing of population and also the lack of electricity in Kurdistan

14- Please identify the main drivers for applying building energy efficiency standards (tick all that

apply)

[|Reduce energy consumption [ Improve indoor comfort O Improve health and safety
Satisfy inhabitants' needs B Reduce operating cost/ lower energy bill (cost benefits)

[ No benefits Reduce carbon footprint (protect environment)

[1 Other, please specify

15- Please identify the main barriers in adopting energy-efficient buildings in Kurdistan (tick all that

apply)

4 Lack of public awareness (lack of client demand) Bd Lack of government initiatives
Lack of technical knowledge and skills Initial cost investment

[ Too complex to implement [ Available construction materials

[ other, please specify

There is no Bank (private or public) supports energy efficient building. However, the
government gives the people the money as a debit but without any privilege of one who is
implementing the energy-efficient construction and the one who is not considering the

aforementioned feature
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16- Introducing energy efficiency standards might require new skills which might be a challenge for
the current construction laborers who haven't learned those skills. Do you think that this could
be an issue in adopting energy-efficient buildings in the region?

[ Yes [<INo

Please explain the reason briefly,

The people here are keen to learn new things if there is an agency or body deliver the training
course regarding the skills related to energy efficiency and an example of supporting my point
view is the diversity of material and designs of buildings in Kurdistan in which different design
here differ from the material used in building to the different kinds of techniques used in

construction.

17- What are the key actions that have to be done to increase the adoption of energy-efficient
buildings? (tick all that apply)

[ Establishing standards [ Introducing new or improved materials and components
raising public awareness Providing financial support
[J Increasing cost effectiveness [0 Education and training

[] providing demonstration projects [Projects built to prove the viability of energy-efficient buildings]

[] Other, please specify

Thank you very much for taking the time to complete this questionnaire. If you are prepared to
take part in an interview with the researcher, please leave your contact details below

Email:  sES =0 m A s

Mobile: g xR INIE
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A.2. Arabic version

(el 2 ABLhl) BeliS Jga hatinal

Lt elaly Gnp sk |l Gl o Uall U b Cpalelall 0 a1y (G )y il Gl AN 8 AN
A Okl 13 pde B a3l Cagu (o3 agadly il e A8 588 G 8 g At 8 slial Gl el () el
b G jall sagh (U ity U0 e g Fal Bany L) s ede o oia g oSliial o o1 e g G 0 5

LS 8 Tl (55 o Ul e

o A8l Be ST sl aum gl Jn ULl aend adBY1 3 el pUad G cpliball el o luial 13s )60 a5
e ol Lew caalf) 3 S0 Ll B AE 8o LS pulae GBadatl el g gl L] 0 alasiil st L)
s e 5 A58 g Be Lzatl 5 oy piill vl A8USTT A4S Juli 5 el ATafall Aa I s

(AU a8l By (o e aldl Jga w3l A8 jadd y o(Kent) fasls (B ol )iy callla J e Bl pall o3 el jal AL
https://www.kent.ac.uk/architecture/people/profiles/abdulkareem-haval.html

ool el IS 13 5 Sl dmaeall Bl Al AT e TG eaall (L SLIEN il gla )l Bel i il Ailan (e s
RITR~p{IRPV PR PP U WO (UYCT RUPp TRUPSI TPy INGEN I g [ W IR LR PR g I W
ha387@kent.ac.uk

dale 3 a3

S il Jie el ge o Gaal ans 8w el aee gill ) ool el 85 ik Glisd S adli agl Ll vall D
Cre A0Sl a1 s L a8 ) m L) abaa T ) ClLL ity sl BT Ol 3l gl gl
JEYCRSTYREILL A SN PSP 8 S PR i O V%P VORI WSO P . g N
Al T el 3 g2 5 pac y Sl Jady (Mg G o lsell iy (gl padl Joadly sl ¥l e Ji Sl BeliS 5 8350 B
Tl Anyll g a AT 38 b ol T Celall (RSl 3 5 8 en) olsll A pinty S ye
e (e sl Sl Dlalag) Of sle bl julis g A8 glad o nal badia acay A gofp Lee Abndl B3lalall 2000
ol e e aydly el e et TAEN ELe e gyl 8 GBT ¢ agll BAele VT VY Gu o gl T aladl
ol i Al Lo et Chpa B8N DY Slladl ¥anall y Sl Jaly o0 pall zle 3V (6 siae Gl ¢ Gl Lag
bl 20 ey o A

LAlJ-‘-J'I (ya dda-'ﬂ

Callall gl 3 500w Gl K il 8 GISUYT g U8 8 SEUY el julae Gudatl jUal skt ) Al 5l sde Ciags
AL Amiate e alde b A3kl el gall (e a5 Ao pene LIBRL A jall 22 338 LA ol s B

il il

Ay My gl U GLE B aadied il sl AU e 8 gie S Geaadl il BT 3 b gall lsadl
Ll O Bam Bl a3 gaa 3la B i e le (D) 1A Qi e B el iy ullaf e slde Yl Aay ye
Bl e 5 ol sel oyl e JNA (ol 5 han jlall 5 Flalal

s(Rbendl cile a1 Jala) Sdamd Gy 5l padl Sl Jedy Sl dpdill 5 Spanall Sal I OLaiYl el g 1A Al As) )
Landl elgell 3500n daon ooall Y by Aalidl Jpadly G5 jeally puiall Gila sa s Cilis
A sy g piall BUI apda g a1 g 515 Ao lad Y18 ) pall Jas gy 5l sell A8 p Fpsaaill 4y 5l 1

Sacbual fesas jigs =l ;(Computer-based modelling and simulation tools) sistsall za)
g SAL gl aul e 5A0 Sluld ) SASYL ) cle b dala goladl ooV anEl Geesadl 5 Gaudieal)
Al e 5 O S sl S el

210|Page



GBI, alilal Ly S ¢ ol ot cllayl 5 el sl B U Sl g ALY e B sl

Aalall
(Gl (K o Adle an) dgh Lgale cluaa (o) AL <3 aa lgale cluan 3 gl ¢ Sagadl )5 Ly e )

RS [ R[N PRENSUITPTERA L 1

._\L\]I..\&.\:.I\(ﬁﬁ s‘;l.'n_h ‘ajlj.:.h O

TR VA [RETCEN DUV N DN [

L s alill apsli o el Bl [

sl s e A1 [

Oslial gl A i )3 3aa b oS oY
v e 6T O G Yeto € e veye [ Sl Yoo [ Cilgha ek e B [
i Al A8yl ) ciiCall £ g a2y Y

sl s peepal 0 @Vslie ) aplies ) [0 4w dwan[d dples [

Yy ale Gl 8 aull) Aa g Ltaida g AN Al AR aall s U Cl jlas Al Gy ale o ol o -t

e JS s S a aed [

e JC sl g Y X

O R S e Lgagant S

Eelifly) J8 (e 48Ul 5 8 pall ol o bl g &8 1 ¢ gl i S -2
la B O dE O Luy X e O nJde O
ealis SR ol a5 on

gL AL Al ¢ RaK 6 g gl 13 adinll o 01D Lgarl Sane Jelge

211 |Page



PABUAY Mg o aall Uil b iy Cullad 6k adiud J4 N

il e yegpai 0 w0 diiedl bleadsdinl g8 5 ¥ O
(Baday L (K e "% Sdle aum) febaiill gl el i€ b a85ud lsall G £ 8 Y L (pd) @ Cgla 1M Y

andl a0 30 Gukd [0 Gybd 0 Lk

£t gariiod U1 Ly bt 8 L o) O pesdl pad dfilaf S 1 -A

et S0l 83

Celld) o pal ¢ LOA) Sis Aani fiSh syl oM Jalal) ga La -4
Ladidctiall O el dalll O sl O LK ® La 538 aladl ol gall [

il s e AT T (Dl @l lea) Alladl il @l 38 B ol 4y ) ailadll [

reaie Ly ol i 8 o

plane B Lovind olaily by Leae Jalaill Simiad el By 3001 36 LN 5 g g 2o O W1 CILER 5 ol gall (e aaall a3 g
paae LE £ g il BTy o 681 IS H0 8 Y RIS 5l gl e i S ae ¢ SR T 3Ll e !
LY sdal Jalgadl 530 380 (e ¥ ag shdiall Aeeadll S AT () aie | il Sgadl 8 (e 4o (3dian

(&0 Awaily Jdle (K dparida o o %" Adle pun) slill 3 gal ¢ LEA) dio 40N Jal galt Asarl )3 LAY 2 -0
a3 pgas e gha | Laa e | Al g Jal gall
% salll 4y 51l paileaddl
x Al g1 2aKY)
x PR
x ST G [ I |
x La y g alaafl ol gl
x b deliall

Tasaaill Ala o B taall (5 ) all £l Bl S1SLa el gral p atdiind Ja -0 )
el pll o2s Jgn raia il (e w3l (ToY 1 Aniiall 6 il il o  rddaa Dl

)@&J@Wﬂlad@ﬂolmT?mwﬂﬁaﬁﬁyE ?a_!D

?1)_)]13;‘@ Pl.ﬁuldaa‘.a_hs;;uul )gué§)1)g1clamtj)£dluﬂsw1@1dégﬂ)*S(.Lq.”wus;;?ao
Goas g peiae LEE g il 2ty o 81 IS 36 a0 G JE0 IS0 ) Lo ! ST MY ae ¢ G 52 Bl
o ST Bl pall 3 3R e ¥ ay il Teeia I IS AT () Sfie | il Aeall (B e 4k

212 |Page



Lgadiiind ) gl gh zal ) ad S0 o p cand 13120 ¥
¢ oyt b sy pUal B AGUal SeliS pulaa gubidd Gla a8 gl O S Ja -V Y
¥y O e X

e Sy Cll i

BN LAl g da il bl g €8 gl e lan CHL prpamy 4013 an Bl TG @ gl TR o) Sagiiand]l

(Gl 08 o "x" Slle an) ABal SpU pulaa (gadatl ducsi 1 adlgall wans g0 £

bl g daall st [ ol Jaladal 5l (g e Gaund [ Bl Mgt (e anll [¥]
o 561 5 il s /il s (LS A Gl . e 13 [ Calall Clalgin] Al [
(Al Adea) Al 38000 Y1 G aally QS (X salh gl s s 0 ¥ [

s S5 a o agal O

LS 5 AN e e it Tl Al gall

(G e S Lo "%" Alle ) Ol )8 Bl (8 ALY 5 8 pall Slual) i B dpani ) (3 gall wand a0 0

;"!L‘uhalu nl;j%.a,s;\"_ﬂ).ﬂ_‘hdy_}j?.‘c |X| (cmlﬁmululuall).:ﬂ_\a]l s aM?LJW\chquaﬁle‘

?gﬂcéqdleW 1*}@;&”&1 [ (QLBJWLg}ﬂSJjA;JWS)ﬂW)@ﬂIQUL@.JI}QQ);.JWUAE|Z|
dalnldl cL'l:\jl Alge [ Jdﬂ:ﬁuw;-{h—dé@] sha [

L S5 a oAl O

Sa Ll gl sda | palaly al Cudll Spllall el Jlead Loas gl o8 Saan o lga A8l SpUS julaa Wi qllan 2821 Y
Caliy) B AEUY 5 5 pal) Slial) A5 B Al 058 O (R 1A O el
¥y O i (X

eaibe S0 Gl i i

il (b pin a0 13¢) i salae I8 (o sl 355 (S i Aliinn o LI

213 |Page



(G L (B Lo "x" e gum) TABIRL 3 pal) el dlaied 3ol 3 Lgs aLBN Guahy A A ) et a) A Lot Y

sl gy (6 coball (35l 8 Aane 5 sapan ol GBS 3l ge i 51 [X]
#1#‘,.‘.!]),}@;3 X Q@Wn&nl;ﬁ?u1¥;5]|é§)[z|
LRI S e el sy X el ade 340 2 € ALl o gill 5 (el Cu i 5 5 ()

(8N 5 50 gl Al (g g SLBY A5 s ] Bgaldi )] i faliny) asUie i [

s S5 2 wsal O

Ggn g (o Lpah haall adn alad lall g gy 01 W1, G5 3 all bl it 35 b S Gaala S 1.
Ko CRENTY (g b 3 33 (8 b O bl 538 U0 oo B0 (505 sty qin S0 51

AzBlLaT Cial) pa AldEa B AS JLiall irts i3S 13 (o) 10 JLaSiul 5 pailly oM sgati g gl o Ba 1S4
1S g bl oy Lualdl) Jaty) Jualis o s Jaitl) aSolea Ge pla 00 )2l sdgs ditta o Al Jualis

| EAE R E R R | D bl By
|=§>_<§_{xxx;_gx: i | g Ny i

214|Page



Appendix B. Mainstreaming energy-efficient building practices in Iraqgi Kurdistan: The
underlying issues — In-depth Interviews

B.1. Participant information sheet — English version

University of

PARTICIPANT INFORMATION SHEET
Student No: 17903976 Ken

Challenges and opportunities in applying Fabric First principles in regions of
the developing world: A case study based in the Kurdistan Region

Investigator: Haval A. Abdulkareem
Kent School of Architecture, University of Kent

Dear Participant,

You are invited to take part in a PhD research study exploring the challenges and opportunities
concerning the adoption of energy-efficient buildings in Kurdistan. Please take some time to read
through the following information before you decide if you wish to participate. If at any point you
have any questions, please do not hesitate to ask the researcher, Haval, or contact him at a later
date at: ha387@kent.ac.uk.

Overview

During the last decade, Kurdistan has experienced a construction boom leading to a rapid expansion
in the size of cities owing to factors like growing population, economic growth, refugee crises and
urbanization. Data shows that most of the projects being undertaken are residential buildings in
order to meet a rapid growth in housing demand. However, buildings in the region are characterized
with severe excess of electrical usage due to their quality deficiency, and air-conditioning is the key
component of such consumption to ensure the thermal comfort of the indoor environment. This has
put an extreme strain on the capacities of energy sector. Electricity supply from all sources was
reported to be 12-16 hours per day, and many existing dwellings experience both overheating and
overcooling throughout the year. Accordingly, the level of indoor thermal discomfort and high rates
of energy consumption will continue if the way that buildings are constructed is not changed.

This study aims to develop a framework for applying building energy efficiency standards to housing
sector in Kurdistan. Practitioners engaged in the construction sector as well as representatives from
government and education are invited to take part in the study to explore a broad set of political,
cultural, social and economic factors concerning the adoption of low-energy buildings to provide
input for such framework. Questions concerning your experiences in the field, the progress made to
date relating the implementation of energy efficiency interventions, the weaknesses and strengths
of the current building trades, the application of new building design, components and materials,
factors that might impede or facilitate the adoption of low-energy design including policy, societal
and technological factors and possible solutions to overcome socio-technical barriers will be asked

What you have been asked to do

You are asked to participate in a confidential and anonymous interview, lasting around 60 minutes.
This will be arranged for a time, date and location of your convenience, prior to the end of August
2018. You are not obliged to, but you might find it useful to have a think about issues related to the
study prior to the interview.

Your data

For the purposes of enhancing the accuracy of the qualitative analysis of the data from our interview
session, with your consent | will record the audio of the session. Also with your permission, | may
include selective quotes from the transcription to illustrate points in my thesis and any resulting
publications. These will be anonymised and great care taken to ensure that any quotes cannot be
attributed to you. Your interview responses will be confidential. Notes and recordings will be
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University of

PARTICIPANT INFORMATION SHEET
Student No: 17903976 Kent

anonymised and stored within an encrypted folder, accessible only to the researcher, Haval
Abdulkareem. Your identity will not be discussed with either of the researcher’s PhD supervisors,
Professor Marialena Nikolopoulou (Kent School of Architecture) and Dr Henrik Schoenefeldt (Kent
School of Architecture).

Your participation in this study is completely voluntary. You may choose not to answer any of the
pre-planned questions asked of you. You may withdraw your participation at any time during or
after the interview session up until any potential publication of the findings.

As a reminder, if you have questions, please do not hesitate to contact the researcher, Haval
Abdulkareem, on the contact details provided below.

Thank you for reading this information sheet and we hope to speak with you soon!

Haval A. Abdulkareem
Kent School of Architecture
University of Kent

Email: ha387@kent.ac.uk
h.a.a.abdulkareem@kent.ac.uk
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B.2. Participant information sheet — Arabic version
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B.3. A sample of Interview transcripts

Transcript 1: An interview with 2 architects working in the industry (coded as R.l. and S. Th.)
An overview about the participants

R. I. is known as the architect of low-income people as he mostly designs and constructs
residential buildings in low-income areas. He has a Bachelor degree in Architectural Engineering
and MSc in Healthy Buildings. In his early years of practicing architecture, he worked for the

municipality and was involved in designing and planning some of the new districts of the city.

S. Th. has a Bachelor degree in Architecture and MSc in Sustainable Environmental Design. He
has worked as an architect for a few well-recognised construction companies in the region and
has been involved in designing and constructing many residential, commercial, recreational

projects across the region.

Researcher: What are the key guidelines that you follow in designing and constructing projects?

And what are the factors affecting your design and construction decisions?

R. l.: well, as far as | know there are no regulations to follow. Architects are free to use whatever
materials, construction techniques, and rendering colours they desire. When you apply for a
Building Permit actually, it’s not required at all to show the use of certain materials or

techniques or to achieve a certain U-value. So we heavily rely on our experience.

S. Th.: Yeah he is right; it is highly dependent on our experience. But additionally to that, the
clients and their desires and ways of thinking | would say have a considerable impact on our
decisions. You tell the client what you think is right but sometimes they may not accept your
idea. For example, when a client comes with a north-facing plot, you know the problems with
such plots with respect to winter sun, so | tell them that instead of having a front garden or
front yard, we will do a backyard which will help to have south-facing windows so that you get
the desirable sunlight. But many reject the idea saying that the neighbouring houses haven't
done that so why would we do or saying that we can use an extra barrel of kerosene for heating
or an extra air-conditioning unit instead of that. You know it is really hard; people awareness of
energy-efficiency and environmental issues is way low, and you alone cannot change their

beliefs and ways of thinking. You try to convince them; they may agree and they may not.

But if let’s say municipality or the competent authorities imposed regulations, for instance,
saying that for the north-facing plots you should have a backyard instead of front-yard, then
everybody would obey the laws. This is why | think that the government needs to establish the
building regulations first and then impose them. This doesn’t mean that designers should not

listen to their clients and consider their requirements because at the end of the day they will

218 |Page



occupy that house or building so they need to meet their requirements. But designers can still

consider their requirements in accordance with the established regulations.

So | believe if there were regulations and enforcement then people will have no choice except
complying with these regulations because in this case if the design doesn't comply with the
established standards when you apply for the Building Permit then the application will be
rejected by the municipality and they will not allow you to build. But when the municipality
don’t have such requirements and don’t pay attention to energy-efficiency of the design, then
you as a designer cannot force your clients to spend more money on energy-efficiency

measures.

What | noticed recently after the increase in energy prices, clients have started asking about
the possible ways that would increase the energy efficiency of their buildings. They started to
use double or triple glazed windows instead of single glazed ones. Even the window frames,
people are looking for the types that have a thermal barrier to improve airtightness around

windows. All this been driven by the increase in energy prices.

R. L.: | agree the clients have a great influence on our decisions. We can't really neglect their
views and desires even if they are wrong, because generally speaking if you just do and impose
what you think is right and neglect their thoughts then maybe as an architect you are not going
to have clients anymore. So for instance they may tell you we want a design similar to
someone's house and even if you think that the house they referred to has lots of shortcomings
yet they may push you to do so. In such situations, what we do is trying our best to convince

them with the right decisions.

Especially in my case, as you know the vast majority of my clients are people on a limited
income, so the cost does matter a lot; | mean affordability is a key determinant. So it’s
something that | can’t neglect when designing. That is why you can notice from my buildings
that | always tried to avoid oversized spaces, and paid attention to low-cost construction

techniques.

Regarding Mr Saad’s point about enforcing energy efficiency standards, | think if we consider
the socio-economic context, you can’t force people living in poverty and slums to insulate their
shelters. It is something that is not within their priorities at all. So | would say that there must

be some exceptions.
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Researcher: In your opinions, what might be the driver behind the lack of desire towards

energy-efficient designs among clients?

R. L.: Well, | think cost plays a key role. For instance, they know that a significant amount of heat
comes in through the roof and they know that something like a green roof or insulating the roof
is important to avoid that heat. But they think of the initial cost of these measures without
taking the life cycle costing into account, so they just don't go for it. They think that if they
wanted to sell the house after some years nobody will appreciate these energy-efficiency

measures in their house and nobody will be ready to pay more money for such things.

Meanwhile, there are clients particularly those who have lived abroad in western countries
focusing a lot on the thermal efficiency of the building and comfort-related issues and even
sometimes they provide us with examples of techniques that they have seen in western

countries to be applied in the design of their house. So you have both groups.

S. Th.: Well, | was thinking that way too but having worked for wealthy people for years |
realised that it’s more about cultural awareness among people than cost barriers. I've had many
clients with no financial barriers at all, yet they were not giving importance to energy efficiency

and the demand for such measures was low.

I think having more concrete examples on the ground (e.g. energy-efficient projects which could
be built by whether stakeholders or maybe investors) demonstrating the significant benefits of
energy-efficiency measures in terms of increasing energy saving and lowering bills while
providing healthy and comfortable indoor thermal conditions will be one way of raising public
awareness and encouraging people to adopt these measures. However, this will not be effective
in a small scale | mean a scale of one or a few buildings. This should be done in a much larger
scale, a scale of housing developments for instance. And we have noticed this after the
emergence of some of the apartments that used insulation layers within their fabric with high
quality windows, e.g. Avro City. People started hearing from the residents of these apartments
that they use much less energy whether in winter or in summer than households living in
conventional residential units. And this was the main reason actually that attracted many

people to move to these apartments.

Also, the lack of know-how among practitioners and labourers in applying energy-efficiency
measures might also be a barrier. One way to overcome this is that by importing foreign
expertise and investing in local staff training. Also, it is crucial when making contracts with
international companies and contractors that the government force them to recruit and train

more local labourers and professionals when taking part in construction projects.
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R.l.: With respect to public awareness about energy efficiency, | think energy costs, being very
low in this country, were not supportive to drive people to think of energy-saving and cultivate
that awareness. | remember when | was studying in the UK | stayed for some days at a friend’s
house and one day my wife forgot to switch off the bathroom light and then immediately my
friend's daughter started shouting saying "turn off the light; turn off the light; it costs money."
So you see how her reaction was driven by energy cost, why? Simply because it is expensive.
But when you know it is very cheap then why would you think of saving. For instance, when you
know the difference in energy bill between consuming energy in an extravagant way and
consuming it in a thrifty way is a matter of let’s say 10 or 15 USD, then you would not be keen
to save. | think this is an important factor that drives people’s behaviour towards energy use,
and you can see its impact clearly across the region where you see how people placed exterior
lights extensively all over their dwellings. They are left ON for hours without being needed
showing how unconscious people are about energy use. You will be amazed by such attitudes.

You see restaurants with hundreds of exterior lights. It is unbelievable.

By increasing energy cost | think, people will be obliged to think of energy-saving, they will be
obliged to look for measures that reduce their consumption of energy. It will be important for
them to introduce sufficient daylight to avoid turning on artificial lights; it will be important for
them to insulate the fabric to reduce heating/cooling loads. They will not be behaving
unconsciously and leave the doors and windows open while Air conditioners are running. | think

this will cultivate their awareness towards energy efficiency.

S. Th.: | think the level of education also plays a role in promoting environmental awareness. |
mean as | said | have designed and built houses for many clients from upper-income class, and
| noticed with those who have not received much education that they don't really care about
thermal efficiency. What they most care about is oversized spaces, High-End Finishes and
Exquisite Decorations. But with educated people even if they have no idea about energy-
efficiency measures and their importance, but they are more open to understand and accept

such ideas.

R.l.: Well, there are people with a university degree, but still, they don't give importance to
these environmental aspects of design, and there are others who might not be well educated
but because they travelled abroad and may be stayed there for some time so they know about
these aspects and put emphasis on things like ventilation, daylighting and insulation. So | think
the level of education is not always a driver. But | could say that the majority of my clients have
no idea about energy efficiency, they know nothing about thermal insulation, air tightness and

etc. They often tend to mimic what they have seen in other buildings.
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S. Th.: Their past experiences also play a role. They often shed light on the design weaknesses
of their old places so that we avoid. You often hear things like "please reduce west-facing

windows, the space gets really hot," "avoid double-volume spaces, they are hard to be heated

or cooled," or "please keep the airshafts big so that we get sufficient ventilation and daylight."

R.l.: Yeah he is right. The demand for double-volume spaces has reduced over the last five years.
Some years ago, even people with limited income were pushing us to include the central
double-volume space in the design but now after knowing the consequences of such design in

terms of heating and cooling loads they don’t ask for it.

Researcher: Could you please talk about one of your buildings that you aimed to increase its
energy efficiency, and give little details about the techniques that you have used to achieve

that?

S. Th.: Yes, | will talk about one of my recent buildings. It is 1400 m? luxury house located at the
mountain side facing Duhok Lake. The place gets really cold in winter and like everywhere in
this region it becomes hot in summer. There were no financial restraints, so | was able to spend
money on energy efficiency measures. The client did not actually ask for and he was not aware
of these aspects. But to be honest | played a significant role in pushing him to do that. |
remember in my early discussions with him | asked him how he is going to feel when he moves
to the house and find that after spending lots and lots of money on the house, those luxury and
oversized spaces are hardly habitable because of extreme indoor thermal conditions. | told him
are you going to use three to four A/C units for every single space. Instead, why don't we
increase the efficiency of the building and lower your reliance on technology? So | started
explaining the significance of these measures, specifically with respect to the building fabric,
and indeed he was quite open to my ideas not because of energy bills but he thought that it is
a right thing to do. So | received the green light from him to increase the thermal efficiency of

the house where possible, so we focused a lot on the fabric.

The external walls are well insulated. They are built with hollow concrete blocks. From inside
there is a 50mm thick layer of Rockwool and a layer of gypsum board, and from outside there
is @ 80mm thick Styrofoam panel plastered with cement. All windows were made by a well-
known Turkish company. They are double glazed with a configuration of 6-12-6mm. All are
aluminium framed and made with thermal breaks. Some are provided with external shading
devices and some with shutters to avoid undesirable sunlight to come in. The concrete roof is
also insulated with Styrofoam panels from outside and then covered with a layer of lean
concrete and Tiles. For heating, the house relies entirely on radiant heating system (water
based). And for cooling, the client preferred to use A/C units. We also considered the landscape

design; deciduous trees were placed in a way that shades the outdoor sitting areas.
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A combination of local and foreign staffs is involved in the construction process. Most of the
work is done by local staffs, but things like high-quality windows and the cladding work are done
by Turkish companies. The good thing about the cladding work is that the company provided

an interesting workshop for us about the application of such technique.

| can say that like any project, we faced some technical challenges during the construction
process. Some labourers were not familiar with the design of the fabric and they were
complaining a lot. So | had to stay there most of the time to guide them. Not just for the
labourers to be honest, even for me there were some challenging moments. But we all have
learned a lot during the process. One of the problems that | remember was that after the
installation of Rockwool insulation and gypsum board, those were installing the radiant heating
system were unable to hang the radiators on plasterboard. So we had to remove the
plasterboard and Rock wool from the wall and then connect wall brackets with the blockwork
to support the radiator and then reinstall the insulation layer and plasterboard again. And this

took some of the time from us.
The project has not finished yet, but | believe the overall thermal efficiency will be quite good.

R.l.: My turn haha. My case | think will be different because most of the time my clients come
with a very limited budget, so you don’t have much space to go for things that Mr S.Th. talked
about. Generally, the techniques that | try to apply in construction are quite simple, for instance
using brickwork for external walls instead of concrete blocks or hollow concrete blocks instead
of solid ones. But shading is something that | highly focus on, whether through simple shading
devices or vegetation, like the grapevine trellis. Also, avoiding oversized spaces is one of my

design strategies.

Researcher: Considering these socio-economic challenges, in your opinion, what might be the
possible techniques that we can apply nowadays to increase the energy and thermal efficiency

of buildings while ensuring affordability?

S. Th.: | think this is an important question that architects and practitioners must start thinking
about. Thermal comfort is becoming an issue for low-income households; they are the people
who struggle to pay their energy bills; they need to have a proper environment to occupy with
paying less. So we need to develop affordable solutions that minimise energy consumption and
at the same time provide better indoor conditions. And this is not something impossible. We
generally have in the Middle East a rich history of affordable and environmental design
techniques. You can see the architecture of Hassan Fathy as an example which | think if you
compare it with some of our modern-day buildings, his buildings perform much better from an
environmental perspective. What so-called Earth architecture where you rely on raw-earth
materials like clay bricks has been a widely practised technique throughout history. Regardless
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of its effective role in providing thermal comfort, living in a mud house even helps to remove
negative energy from your mind; the texture of its surfaces looks really nice. It is doable
nowadays; materials are there you just need to incentify people and practitioners to restore
these traditional techniques. And it doesn’t have to be done in an old fashion just like village
houses; | know people give importance to the appearance of their shelters. So it can be

rendered with modern-day materials.

R.l.: It is a good idea and you can involve the community as well. However, building more than
one storey might be a bit challenging with rammed earth walls. Also given the modern lifestyle,

| think not many people would accept to live in mud houses.

S. Th.: Well, | don’t think that building more than a floor will be a problem. I've seen mud
buildings up to four storeys. And regarding your point about the modern lifestyle, | agree with
you. But as | said before, you don’t have to restore these techniques in an old fashion; you can

simply render the rammed earth walls with whatever materials they would like to have.

Researcher: But do we have the required technical skills nowadays for such traditional

construction techniques?

S.Th.: Well, when something becomes a trend then everybody will adapt to. You just need to
provide a couple of workshops and maybe building a couple of pilots where practitioners and
workers develop their skills and gain experience with the application of these techniques. This
even happens with us when a company introduces a new technique. This is why | think technical

skills will not be an issue.

R.l.: Well, traditional construction methods are still practised in Erbil; something like brickwork

is quite common there. So | believe they can provide good lessons to other areas if needed.

S. Th.: What Mr R.l. just said reminded me of something happened with us some years ago. |
had a design where | used brick walls, and we were struggling for some time to find a bricklayer

here in Duhok so we had to bring bricklayers from Erbil. But it was not a big deal.

Researcher: In your opinions, is the building industry ready to adopt energy efficiency

standards? And how quickly would the workforce respond to such standards?

S. Th.: Look, quick solutions are not always the best. This process will take some time depending
on how keen and committed the stakeholders are in adopting the standards. And obviously we
will face some challenges, especially at the beginning. But it is said that "A journey of a thousand
miles begins with a single step." So we need to start from somewhere and start addressing all

the challenges.
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| think the workforce will adapt to the new construction practices as long as they find them
relevant to their interest. You can see how advanced they become in the capital after the
construction boom that swept the region and the entry of foreign companies, contractors and
expertise. Of course the skill gap is bigger here in the city of Duhok than in the capital because
you know in the capital the level of development is significantly higher and most of the
international companies are based in there, so the local staffs there have more contact with the
imported expertise. But generally | believe the workforce can adapt. Maybe the first few
projects will be a bit challenging, but | am sure that day by day the skill gap will be minimised,
especially if we promoted training opportunities and invested in things like opening training
centres and setting up workshops that cover all the required skills. Maybe polytechnic schools

can provide all that.
R. I.: Yeah he is right. Not just polytechnic schools but even Universities can take a role in that.
S. Th.: Yeah. So you promote the education-industry collaboration.

Mr. R.L.: Given the contextual factors just to be more realistic, it might be difficult to train for
example all practitioners, builders, carpenters and etc. we can start with small groups, let’s say
30 to 40 people for each profession. And then for a long-term plan, the polytechnic schools can
update their curriculum in a way that covers buildings’ energy-efficiency related knowledge and
skills so that when people graduate they become ready for these construction practices. You
will need these people with such knowledge not only for construction but also for building

control bodies.

S. Th.: Yeah. And | think that will even provide many job opportunities for nationals across the
country because you will no longer need to import skilled labourers from other countries. So
you can say that shifting towards energy-efficient buildings will have many benefits for the

region.

Researcher: You talked about the idea of education-industry collaboration, so | would like to
discuss that further. Based on the questionnaire survey | carried out, the results indicate that a
large proportion of engineers are not that much aware of energy-efficiency measures, so |

wonder what might be the reason. Is it because Universities don’t provide that knowledge?

R. L.: Yes, our architects and engineers are not up to the required standard from a technical and
environmental angle. And | think there are a few factors here. It is first and foremost the
architecture and engineering curriculum. As far as | know that architecture and engineering
programs in our universities don’t really give importance to environmental issues. In
architecture departments, for instance, they focus more on aesthetics, theories of architecture,

history of architecture. They put little emphasis on the technical knowledge. So when you don't
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cultivate energy efficiency awareness in universities, and when there is no demand for
environmental design and energy-efficient buildings in the real world, don’t expect that
practitioners would go and acquire that knowledge and develop their skills. Even if they
acquired some of that knowledge during the university years, after some years of not practising
what they learned, that knowledge would just vanish. Just like when you learn a new language,

after some time if you don’t practice and use that language, you will forget it.

S. Th.: Look, students are not stupid. They look at the building industry and see what are the
things that are applied in the real world and what are the skills and knowledge that they gonna
need when they graduate, and so place the highest emphasis on that knowledge during their
study. When they find for instance that what generally matters for clients is aesthetics and
decorations, they go and focus on that. Even within design studios, when they find that design
tutors are not giving importance to environmental issues and within the assessment criteria
there is nothing to do with environmental considerations, then they are not going to pay
attention to environment-related subjects and incorporate that knowledge in their designs. But
if the student knew that his/her design will be downgraded if the design is not developed
environmentally no matter how architecturally good the design is, then he/she will definitely
take environmental aspects into account. Similarly, if students knew that energy-efficiency,
thermal comfort, functionality of building and these aspects are key requirements among
clients and construction companies, then they will surely give importance to it and develop their

energy-efficient design-related skills to be ready for the real world.

So back to your question, the role of education is quite significant. | could be an example; | had
worked for several years with a big construction company designing and constructing many
projects, some of them were huge projects like Family Mall [It is a well-known shopping centre
in the region]. And sadly all this had been without paying attention to their thermal and energy-
efficiency, why? It is because | and my team were not aware of these issues. But since | went
abroad and took some courses in sustainable architecture and environmental design, my design
approach has significantly changed. Now, | find myself guilty of not thinking of energy
performance of all those projects, especially the Family Mall one because energy consumption
there is considerably high. If we were aware of energy-efficiency measures and their

importance at that time, we would have surely developed a much better design.

Mr R.l.: Yeah, there are environment-related subjects taught in architecture schools but | think
the available tutors are not environmentally up to scratch to inspire students to incorporate

knowledge from those subjects.

226 |Page



Researcher: Alright! My last question just to conclude, in your opinions what are the best course

of actions that would lead to an energy-efficient built environment in the Kurdistan region?
R.l.:

1- We need to increase social equality and social justice. You might think that this is
irrelevant. But believe me without this, we are not going to have a remarkable outcome.
The established laws should be the same for everyone and everybody must be seen as
equal in the eyes of law, not forcing a certain group of people to comply with the
regulations while letting people in power to build in whatever way they want.

2- We need to raise public awareness with respect to energy efficiency through education.
This should start from primary schools teaching our kids the importance of sustainable
resource use and reducing unnecessary consumption.

3- You know conservation and avoiding consumption is at the core teachings of our
religion, so | believe it could make a significant influence on peoples' attitudes towards
energy consumption. So | think places of worship must take leadership in this matter
and push people towards an energy-efficient built environment.

4- Also, we need to develop architecture and construction education in our universities
and well prepare graduates. We need a real collaboration between universities and
industry.

5- Once you prepared the society and practitioners, you can start establishing regulations

that fit our context and that lead to an energy-efficient built environment.

S. Th.: | agree with all the points that he has made, and | would add a couple more. | think
stakeholders whether the government, developers or construction companies need to do more
in this matter. For instance, it is not going to work if the government enforce some certain
construction practices that are hardly applicable in the region. They first need to prepare the
market, prepare the workforce and practitioners and provide the required skills, products and

etc. and then start imposing energy-efficiency standards.

Transcript 2: An interview with an architect (coded as Z.Y.)

Researcher: What are the key guidelines that your firm follows in designing and constructing

projects?

Z.Y.: Unfortunately, we've been working for years in a complete absence of any sort of building
regulations. There have been only some zoning restrictions in terms of the height of buildings,
the number of storeys, and setbacks. And in recent years, they added a few more restrictions
for building within the area around Erbil Citadel which is inscribed on the World Heritage List.
They imposed some certain materials, e.g. bricks, to be used for external rendering in that zone.
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Other than that, there have been no building regulations to follow in designing and constructing
projects. This is why within a neighbourhood you see dwellings with different designs, different
materials, and different colours led to kind of visual pollution indeed. Another important thing
that we’re missing here in Kurdistan is Building Rating System which is widespread in developed

countries.

The region could have taken advantage from developed countries and adopt their regulations

with adjustments of course in a way that fits our context. But unfortunately we did not.

Researcher: Okay then in the absence of building regulations, what are the factors affecting

your design and construction decisions?

Z. Y.: The decisions are heavily influenced by our experience in the industry and the
requirements of clients and their desires. When designing a dwelling, for example, we always
try to have a detailed conversation with the household to understand what would be the things
that they like to have and what would be the things that they don't like to have. Also, we try to
know the shortcomings of their previous house and consider all that in the design. However,
their desires often tend to mimic others. Sometimes you have a client (a family of two), their
requirements are just like a family of ten. Even when you explain and try to convince them for
some environmental design ideas in terms of natural ventilation and using local building
materials for instance, they would still prefer something that they have seen on the ground and
a house that is similar to what others have built. So you could say that the issue is to some
extent related to their mentality and their awareness. Also, the local authority should have
enforced all those design considerations in fact and directed the construction practice towards

the right direction.

If you look at those old neighbourhoods around the citadel, there are some important
environmental strategies in the houses such as courtyards, shading elements, local materials,
the orientation of openings, the thickness of the external walls and others. But nowadays,
instead of recovering such environmental strategies, we simply neglected them. Even in the
General hospitals that were built by the Japanese in the 1980s all over Iraq, they have reused
most of these traditional environmental design elements. Whilst in nowadays hospitals you

don't find them.

The buildings nowadays are simply like radiators in the summer and freezers in winter thereby

demanding a lot of energy. This | would say is driven by two main factors:

- Practitioners on the ground who have not paid much attention to those environmental
issues

- The absence of building regulations and enforcement
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Researcher: In your opinion, what might be the driver behind the lack of desire towards energy-

efficient designs among clients?

Z.Y.: Well, they often follow the conventional route and pay more attention to aesthetics which
| would say has become more like a trend among people. This is beside the cost implications of
energy efficiency measures and uncertainty of the potential savings. In many cases, | had clients
who wanted to well insulate their houses but after knowing the cost implications of that they
change their mind either because they don’t have enough budget or they think it is not worth
it despite the fact that many of them spend too much money on decorations and expensive
finishing materials such as marble. This is why | think much more effort needs to be spent on
raising public awareness, introducing the benefits of energy-efficient buildings and the idea of

long-term investment to the community. And | think the Media could be quite effective in that.

Another problem is that they are highly influenced by the advice of non-professionals like
normal people, their friends and so on more than us. We have made designs for people with
different levels of education, and what | noticed with our clients that sometimes the level of
education influences their desires and requirements but | could say that those who were
interested in energy efficiency were generally limited. The majority follow the conventional
route of construction. Over the last decade, however, the desire for energy-efficiency measures
has increased among clients particularly after the construction of some relatively low-energy
buildings which were conducted by foreign companies in Erbil, but you could say that there is a
lack of trust in the sense that our construction labourers are not skilled enough to implement
such measures and again you have cost barriers associated with foreign and imported

workforce.
Researcher: In your opinion, what might be done to overcome those cost barriers?

Z.Y.: Learning from the past and recovering the traditional typologies with respect to the design
elements, construction techniques and etc. One of the examples that were used widely is the
grapevine trellis. With all the benefits that it has in terms of shading, aesthetic, growing grapes,
growing grape leaves for Dolma [It is a famous dish in the region where the leaves are stuffed
with rice], and etc. people no longer have them in their homes nowadays mainly due to the

fallen leaves and cleaning. This is weird. It doesn’t cost anything and has many benefits.

Also, people can avoid going over the budget while increasing energy efficiency by avoiding
additional costs that spent on expensive materials for rendering and avoiding building far more
floor area than they need. Then these savings can be sufficient to add energy efficiency
measures to the building. But this again could be done when you raise their awareness and

introduce the benefits of energy efficiency measures to them. We try to convince our clients to
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avoid having more floor area than their need and instead increase the green space within the

house for instance.

Researcher: What are the current construction techniques that are used in Erbil that have

potential for energy saving?

Z.Y.: Well in terms of building materials, people are starting to use bricks instead of concrete
blocks, Styrofoam insulation sheets are used for external walls and roof, double glazed

windows, suspended ceilings with air gap, and a few other techniques.

But | could say that not all the products available in the market are up to standard; you have to
be careful about the quality of materials and products that you use. Also, not everything that
you wish to apply in the construction is available in our market. Sometimes, you find some good
quality construction materials/products online that could be very effective in making the
building more efficient but unfortunately you don’t find them in the market. So either you have
to change or import them from a country like Turkey which again take us to the cost-related
issues as you know you have transportation costs and etc. And sometimes you cannot buy and
import a small quantity of a certain material for just one building because this will cost you a
lot. And given the political circumstances, we both know that importing something is not an
easy task in this country that everyone could do. So the government, mainly the competent

bodies, and entrepreneurs should take the leadership role in that.

Another point | would like to make is that temperatures here reach up to 50C sometimes, so
thermal insulation alone cannot protect the occupants from the extreme heat and provide
comfortable conditions. There are other environmental considerations that we, architects, have

to take them into account in the design.

And remember it is not just the construction techniques and design that make a building use
less energy, but the way occupants operate their buildings is also critical. Twenty years ago, you
know the majority of us used to sleep at the rooftop during summers without using air
conditioners or air coolers, but now you see that this has been changed. Most people rely on
cooling technologies causing much higher rates of energy consumption. But given this paradigm
shift in people's behaviour, we designers and builders must change the way we think of
designing and building. What we can do is to optimize the quality of building envelope to reduce
cooling and heating loads. | think the concrete roof slabs that we are using are one of the main

construction weaknesses that we must address.

Researcher: When a company introduces a new construction product or technique into the
market, how do they usually make practitioners and labourers aware of its specifications,

benefits and applications?
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Z. Y.: Of course, they want to increase sales. So despite advertisements, they provide all the
necessary instructions through catalogues and other forms, e.g. websites, where you can find
all the relevant information, video tutorials and so on online. But with the labourers who are
uneducated, these forms of providing instructions are not effective, which is why providing
workshops on the ground is important. This is not a problem | think because as | said they do

whatever is needed to increase sales.

Researcher: You also mentioned that temperatures in Erbil reach up to 50C, is there any
alternative to air-conditioners so that people can cool their houses down with less use of

energy”?

Z.Y.: Well, evaporative air coolers are used widely as an alternative, but | can say that they are
not always used correctly. They are either installed not in a shaded area or they are connected

to spaces with no air outlets which make them less effective.

For heating, you have various types of portable heaters, e.g. LPG gas, kerosene and electric
heaters. And in recent years, some people started to use radiant heating system (water-based)
being installed by some Iranian professional at the beginning but now there are local ones who
do the same job but all the necessary tools and components are imported from neighbouring

countries, mainly Turkey and Iran, they are not produced here.
Researcher: In your opinion, is building industry ready to adopt energy efficiency standards?

Z.Y.: Well, by adopting energy efficiency standards, we will surely face some challenges at the
beginning especially technical ones, e.g. skills gap. And | think the level will vary from a city to
another as in the capital for example you have much more advanced construction skills than

other areas.

The problem with skills gap is that we don't have vocational training centres or something like
Skills Certificate Scheme to make sure that those engaged in construction whether labourers or
professional cadres have the required skills. This is something that policymakers really need to
address because we architects and engineers struggle a lot with this issue. Many of them, for
example, are not educated and find it hard to read and understand the building drawings and
diagrams. When we pick and employ someone, e.g. a bricklayer, in a project, there is no such
certificate so that we know how experienced they are. So we rely on their reputation and the

works that they have done before.

But anyway back to your question, we will face some practical challenges, but | think this is
normal when you introduce a new idea/technique into an area. Again, the workforce and
professional cadres might not be able to respond immediately and perform correctly. But they

can adapt through a gradual process with of course having training programs. | can say based
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on my experience, our professional cadres and labourers have that desire to learn new
techniques so it will be just a matter of time to adapt. Especially if the related authorities
imposed the standards, then the workforce, construction companies, contractors and etc. will
have no choice other than learning the required skills and adapting to the introduced

construction methods.

Also, there are foreign staffs available who can take an important role in such an initiative. For
instance, you know because of the political instability in Syria there are many Syrian
practitioners and labourers working here in the construction sector. This is additionally to
Iranian and Turkish ones. They are very good and well experienced indeed, especially those who
have been involved in constructing mega projects. And | would say they are even more patient
than the local ones [This was stated in a funny way] and sometimes even cheaper. So you can

have a combination of local and foreign people.

And you can see how successful this combination has been in those housing developments and

mega projects that been built in recent years across the region.

Researcher: Talking about those housing developments, in your opinion, how successful they

have been in providing comfortable indoor conditions to users?

Z.Y.: Well, when you look at those housing estates from outside, | mean aesthetically, they look
good. But when you go inside and look at some of the details, there are shortcomings. In terms
of open spaces and ventilation, | can say that some of the projects are well designed. But in
terms of the building envelope and construction materials, they have similar issues to
conventional residential units. The external walls and roof, for instance, are made of concrete

with no insulation. So you can say that heat gains or heat loses issues are there.

| believe that they could have been designed in a more efficient way. But the problem is that in
the early stages when the design is reviewed by the related authorities and municipality for
approval, they don't pay attention to energy and thermal comfort-related matters. One reason
is that there are no regulations in that regard to be enforced. Also, those who review and
approve designs often lack such knowledge, and this happens when the government employ ill-
prepared people, e.g. new graduates with no or little experience, in such critical posts. It is
nonsense. Just a few simple questions: does it make sense having the exterior of many of those
buildings coated with dark coloured materials, e.g. black marble, which absorb heat in the light
of the strong sunlight that we have? Does it make sense having north-facing windows with
shading devices and south or east-facing windows without shading devices? These indicate the
lack of awareness among designers and those reviewing and approving designs. So | think the

government needs to restructure these bodies and resolve this issue or at least train these
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people through workshops and so on, and also involve those who are specialised in energy-

efficient buildings in the review and approval process.

Transcript 3: An interview with a regional planner (coded as H.J.)

Researcher: In your opinion, what are the key challenges in shifting towards energy-efficient

buildings?

H.J: Shifting towards energy-efficient buildings is quite doable. But let me make it simple for
you, the transforming process needs a political will and campaigns that seek to raise public
awareness. KRG should take the leadership role in that and start with the necessary steps to
promote this shifting within the building sector. The government needs to invest in energy
efficiency, incentify people, and introduce subsidies to remove financial barriers. For instance,
they could financially support people to insulate their houses to scale up energy efficiency and
short up energy demand or to go for renewable energy sources like what some of the European
countries are doing. For example, my brother lives in Sweden, the government there introduced
subsidies to encourage households to install heat pumps in their dwellings which, in a long-term
run, is something quite useful for both parties. So similarly to that, in the light of the strong
sunlight that we have here in Kurdistan, the government could invest in solar energy as part of
a national energy strategy. You know here normally the demand for energy is at its highest in
summer due to increased air temperatures, so the government could incentify households to
install PV panels on the top of their houses through subsidies programs to produce some of the
electricity they need for cooling purposes. This will substantially reduce the burden on the
energy sector and reduce all the pollution that is caused by private generators and thereby
reducing their harmful effects on human health (e.g. respiratory diseases that people widely
suffer from) and the environment that we live in. In this way, you also raise the level of
satisfaction among people who have been struggling with the constant power shortages for
decades and improve their living conditions and their trust in government. The required tools
and materials are available in the market but there is no encouragement to install such a
system. And most people are not aware of its benefits over the lifecycle of the building to invest

in.
There are two key challenges that | would like to shed light on:

The first one is related to the way people think and plan. People generally are not long term
thinkers and this is mainly attributed to the political instability and uncertainty that we've been
going through throughout history [..... here the interviewee is mentioning some of the wars that
took place in the region]. No one would build a house to be efficient for, let's say, the next 20

years because they think that the region is vulnerable to external threats from their neighbours
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at any moment. So you could say that psychologically and also culturally people are not
prepared for long-term thinking and | believe shifting to energy-efficient buildings surely needs

long-term thinkers.

The second one is political immaturity, especially at the government level. This is in terms of
the relative absence of state institutions and political will for long-term planning. We don't have
this. If you look at some of the western countries, there are certain boards which are
responsible for setting up the detailed strategic plans for things like economic development,
infrastructure, social planning, and so on. Whilst in our country, people in power could change
the direction the way they wish with no robust and long-term plan in hand leading to sort of
chaos (having thousands of newly built housing units unoccupied across the capital is one of
the outcomes). The one that we have is the KRG's Regional Strategic Development Vision for
2020 which was set by the Ministry of Planning in association with UN organisations and | can

say that people have no idea about such plan at all.

So | would say if there is political will, then they could do a long-term strategic plan and provide
the appropriate tools to apply it. One area that really needs to be developed in the first place is
the quality of education in our universities and institutes as it has progressively deteriorated.
Most of the graduates | would say are not well-prepared for the real-world workplace. Another
thing that we really need to work on is the rules of professional practice and the union of

engineers (the syndicate).

Researcher: Can you talk about the nature of the project that you’ve been working on with the
government regarding establishing Building Regulations? At which stage are you at the moment

and what are the key contents?

H.J: Yes sure. For three years with UN-Habitat, We (a team of local and international experts in
association with an Italian university) been working on a project aimed to establish building
control regime in Kurdistan region which covers everything related to building. The work was
being observed by a board of 17 members who were representing different ministries and
related bodies. We first started with analysing the current nature of construction in the region
addressing eight different building-related aspects including the building permit procedures,
government oversight of the construction process, the way engineering firms and construction
companies work, health and safety in construction practice, and other aspects which you can
find in the draft [The interviewee provided all the necessary documents regarding this project].
We studied and assessed the current situation of each aspect and then provided

recommendations.

One of the early points that we realised was the absence of the Building Act which is the main
legislation under which the building codes are made. So we reviewed some of the European
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building regulations, but you know you can't just adopt them as they are because they might
not be appropriate to our context. We also reviewed those been developed by the Iraqi
government recently, | think they are around 13 to 14 building codes which were inspired by
the national building codes of Jordan. But based on the evaluations that we carried out to the
Iragi ones, we found some sort of immaturity and lack of appropriateness to the context of
Kurdistan region especially from technical aspects. So we decided to develop our own Codes;
we suggested 25 Building Codes to be established. Out of these, as an initial stage we developed
six of them including regulations related to energy efficiency, fire safety, and so on [all are
available within the given documents]. Of course, it was an early draft which needed to be
developed further. So we conducted focus groups where there were some key stakeholders
such as the ministers of Planning, Housing, municipalities and public services and the governors
for possible feedback to develop the draft further. So you could say that there have been
persistent interventions from the involved bodies and that the draft has been under progress
for almost 2 to 3 years. But still if you compare our codes with the international standards, |

would say they are not as developed as they should be.

Alongside that, upon the request of the minister of Planning, we (in association with a Dutch
expert) even developed a detailed plan for the enforcement of the codes. However, the
government has not reviewed the final draft yet. And the approval process could take some
time because one should not forget that Kurdistan is not an independent country and it is still
part of Iraq, so it is not that easy to put in place such legislations the way we wish which could

lead to conflicts with the federal government.

Researcher: You mentioned that the draft is not developed as it should be, can you elaborate

on that please?

H.J: You know it is still a proposal or you may call it an initial effort and | can say that they [the
proposed codes] are not mature enough and surely need further development. But you have to
remember that we are in an environment where we lack the enforcement of some of the basic
building regulations. Therefore, all bodies involved agreed at the beginning that for this stage
the codes must be developed to a degree that remain applicable in our context taking into
account all the constraints, all the socio-economic and socio-technical challenges that we have
in order to achieve successful enforcement. And this could be a crucial starting point but | think
periodical updates will be necessary to allow adjustments to take place and ramp up the

policies.

| said that and | am sure you will also realise that when you compare the proposed codes with
the European ones for example. | am personally not that much aware of all the international

standards, but | have good background knowledge about the building regulations in the
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Netherlands as | worked there for almost two decades. In the Netherlands and | think across
Europe, when you apply for building permit there are certain requirements in relation to the
energy efficiency of the building. It says, for instance, energy use per square meter of floor area
should not exceed a certain number of kWh. So design professionals take all the requirements
into account when they design, and within the team there are technical experts who are
experienced in building physics. They do all the necessary evaluations for the design, and if the
predicted energy consumption is higher than the standard then they improve the design and
minimize it. But we cannot have the same procedure here at this stage; we lack technical
experts indeed who can do assessments for things like thermal performance of the building and
so on. Our professionals, the majority of them, lack this knowledge. They are not always aware
of the energy measure. So given these technical constraints besides other political and financial
challenges that we discussed, you can't be too ambitious and adopt those developed
regulations as they are. They should be at a level that fits our context and then through a

gradual process, they could be updated and developed further and further within a timeframe.

In our proposal, in relation to energy efficiency regulations, we focused mainly on the building
fabric, e.g. the insulation of the roof and walls, glazing type and some other basic things that
you can find in the draft. This is a bit anecdotal, but one of the things that we were advised by
one of the involved bodies regarding the U-value is that not too many understand the U-value,
so instead, they suggested to specify certain insulation types with certain thicknesses to be
installed. And this is frustrating when you see how design professionals nowadays in this
country are lacking some basic technical knowledge which architecture students were being
taught in universities in the 1970s and 1980s. | remember when | was at the undergraduate
level in the 1980s, we had courses regarding 'professional practice' where we studied things
like building regulations, British Standard Codes of Practice and so on. But it seems to me that
technical knowledge is paid no attention to at our universities nowadays. So this takes us again
to the point | mentioned earlier which is the quality of architecture and construction education
and its crucial role in preparing graduates for successful adoption of energy efficiency
standards. This is why at some point we tried to engage the architecture schools and as far as |
remember we carried out workshops at five universities across the region to get them involved

and encourage them to pay more attention to these issues in their curriculum

So back to your question, yes | would say the proposed codes are not as developed as they

should be, but | believe this is a good starting.
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Appendix C. A sample of semi-structured interviews for post-occupancy evaluation in case

studies

SECTION A: Background Information

A N

Gender: Female

Age: 62 years

Marital status: Widow

Employment status: Unemployed (housewife)

Socio-economic status: Low-income (the average monthly income is around 300-350
usD)

Highest level of education: Literacy school (level-6)

Tenure category: Owner occupier

How many people live here? Just me and my son, who goes to work every day from
early morning till late afternoon. (2 people)

How long have you been living in this house? We moved to this house in 1985, and |
have been living here since that time. But the house was built in 1970s, but | am not

sure in which year exactly was built.

SECTION B: Building attributes/ energy consumption

10.
11.

12.

13.

House type: Single-family dwelling

Number of bedrooms: There are two bedrooms, but we no longer use one of them as
a bedroom because it is thermally inappropriate. | mean it gets very cold in winter and
very hot in summer, so we use it like a storage area storing our clothes and some other
stuff, and that is why its door is always closed. In fact, nothing differentiates the other
spaces from that room [she means here the unusable bedroom], | mean in terms of their
construction details, except that that room is more exposed to direct sunlight in

summer.

Where do you sleep then?

| sleep in the living room, and my son sleeps in the other bed room.

The best building attribute: There is nothing really to highlight but | can say that the
best thing is that it is close to city centre. (Its location)

The worst building attribute: There are many which | am sure that you [she means the
researcher] have already observed, but the worst one is air infiltration especially

through windows. Sometimes, you can clearly hear the sounds of air infiltration from
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outside especially during windy conditions. And as you [she means the researcher] see,

| used sealing tape (adhesive tape) to prevent that, but it is not very effective.

14. Your average monthly electricity bill from the national grid (public network): Around

10 to 15 USD

15. Your alternative source of electricity supply: It is a shared generator operating at

neighbourhood level which provides us with 3 amps.

16. Your average monthly electricity bill from your alternative source of electricity

supply: 30 USD.

SECTION C: Indoor thermal conditions

17. What are you using to keep yourself comfortable?

Space/ Open Open Ceiling Split Air Roof-top water Floor water Wearing wet
Control Windows | Doors fan A/C cooler sprinkling sprinkling clothes
Living room / / o o o /
Bedroom / / / /

Kitchen / / o o /

18. How often do you use them?

Well, let me explain it in two different cases: a. when electricity is supplied from the
national grid and b. in the absence of electricity from the national grid. In the first case,
| often leave both air-conditioners On, and close the doors of the living room and use
some thick fabric sheets as a door bottom seal to keep cool air in. Sometimes, | leave
bedroom's door open to cool the hallway, but the size of the unit that runs in the bed
room is small, so it does not make a significant change in the hallway. In fact, nobody is
using the bedroom over the day, but the reason why | leave it On is that | store some
food there, and the power supply from the national grid has been cheap by far, so |
prefer to leave it On. Especially, the electricity supply from the national grid during this
summer is better than last years, | mean in terms of electricity shortage. And this is
apparently because of the general elections that will be held on September 30. [Then
she said in a funny way that the ruling party is trying to make some reputation].

In the second case and as soon as the air-conditioner stops running, the indoor
environment changes rapidly, | mean it becomes warm causing discomfort. So | open
the doors, including the entrance door, and turn on the ceiling fan, and sometimes
especially in hot days | wear wet clothes and sometimes | dampen my clothes couple
times a day. And because | used sealing tape to prevent air infiltration through
windows, | can't open them especially in the living room.

Me: Why don’t you just leave air-conditioners on if the indoor environment gets

warm as you say?
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We cannot switch on A/C to adjust the thermal environment while we have electricity
from the neighbourhood generator because it costs a lot and we cannot spend most of
our income on that even though we want it.

Me: | see a platter full of plastic cups of frozen water here in the living room, may |
know why?

Since I drink cold water a lot during hot periods [when A/C goes off], | bring several cups
of ice water together from time to time to avoid going to the warm kitchen where the
refrigerator is located for as long as possible."

Me: What about water sprinkling that you mentioned earlier? Well, that depends on
the water supply, | can't say that | do wash the floor and sprinkle water on the roof-top
daily, but if not daily | can say few times a week. I'm used to take the water hose to the
roof-top before midday or in the morning sometimes and leave it for few hours to
remove heat from the roof. If you can visit us tomorrow, you will probably see that and
you can take pictures if you want to. My mom used to do the same at the time [....]
when | don't do that, we feel excessive heat coming down through the roof.

Me: | see two air coolers also around the house, but you did not mention them. Do
you use them? Actually, we no longer use them.

May | know the reason please? To be honest, we had used air coolers for years and
they were good enough, but most of the people around us, | mean our relatives, shifted
from using air coolers to using air-conditioners over the last years, and | don't know
how to explain this for you, but we were really hoping to follow them and have AC. So
you can say it was kind of social influence. And fortunately, a medical doctor donated
two new Split Air Conditioners for us which are the ones that we are using now. But the
problem is that we cannot run them while we have electricity from the neighbourhood
generator because it costs a lot and we cannot afford that.

Anything else you would like to add about thermal control? Yes, as you see | remove
the carpets at the beginning of hot season and leave the concrete floor exposed till the
beginning of winter.

[In the next questions she had difficulties to differentiate between some of the given
scales]

19. Thermal Sensation in the rooms:

When electricity is supplied Cold Cool Slightly Neutral Slightly Warm Hot
from the national grid cool warm

Summer daytime? e

Summer night? o
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20.

21.

22.

23.

In the absence of electricity Cold Cool Slightly Neutral Slightly Warm Hot

from the national grid cool warm

Summer daytime?

e
e

Summer night?

[Her choices for the summer night are based on the living room indoor environment as
she sleeps there].

Humidity in the rooms:

Very Dry Slightly | Neutral Slightly Humid Very
dry dry humid humid
Summer daytime? o
Summer night? o

[Again here she highlighted that she is used to dampen her dress in hot days]

Air movement in the rooms:

Very Little Slightly Neutral Slightly Much Very much

little little much

Summer daytime? o
—

Summer night?

[Here, she highlighted the role of ceiling fans]

Overall Indoor environment:

Very u fort Slightly Slightly Comfort Very
ncomforta omfort-
uncomforta uncomforta | Neutral comfort- comfort-
ble table
ble ble table table
Summer daytime? o
Summer night? o

[In this question she said that: if the electricity prices will be going up as we hear from
news, then we will probably be unable to run A/C, so the indoor environment will be
very uncomfortable]

Thermal preference:

Much
Much cooler | Slightly cooler | No change | Slightly warmer
warmer

Summer daytime?

o
Summer night? o

24. Your typical clothing at home: Kurdish dress [/t is a long dress]
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Appendix D. Monthly Energy Consumption Readings

K37 - fe
A B c D E F G H 1
1 English Village, Villa No. 98, power usage status
Smart meter Smart meter Electricity Electricity consumption
Generator | readings for the | readings for | Summation of | consumption kWh kWh through the Total
2 Date Reading Time Blance Generator National Grid | both readings through Generator National Grid Consumption
3 01-Aug-18 172 9782 36532 46314
4 02-Aug-18 161 9793 36574 46367 11 42 53
5 03-Aug-18 143 9811 36611 46422 18 37 35
5 04-Aug-18 129 08235 36636 46462 14 25 39
7 05-Aug-18 715 AM 106 0848 36688 46537 23 52 75
3 06-Aug-18 87 9867 36776 46644 19 38 107
9 07-Aug-18 6:00 PM 66 0888 36840 46729 21 64 85
10 08-Aug-1%8 444 0010 36922 46832 2 82 104
11| 09-Aug-18 0
12 10-Aug-18 4135 0939 37080 47020 29 158 187
13 11-Aug-18 5:00 PM 401 0053 37154 47107 14 4 88
14| 12-Aug-18
15 13-Aug-18 730 AM 373 9081 37238 47220 28 84 112
16 14-Aug-18 715 AM 353 10001 37207 47208 20 39 I
17 15-Aug-18
18 16-Aug-18 710 AM 320 10034 37403 47437 33 106 139
19 17-Aug-18 10:30 AM 310 10044 37482 47527 10 9 89
20 13-Aug-18 710 AM 200 10064 37546 47610 20 64 84
21 19-Aug-18 0:15 AM 231 10123 37597 47720 39 51 110
22| 20-Aug-18 0:15 AM 209 10145 37642 47788 2 45 67
23| 21-Aug-18
24| 22-Aug-18 195 10159 37742 47902 14 100 114
25 23-Aug-18 1835 10169 37773 47942 10 31 41
26| 24-Aug-18 167 10188 37814 48002 1 41 60
27 | 25-Aug-18 10:00 PM 111 10243 37837 48081 35 23 78
28| 26-Aug-18
29| 27-Aug-18 700 AM 83 10271 37920 48192 28 83 111
30 28-Aug-18 700 AM 68 10286 37967 48253 13 47 62
31 20-Aug-18 7:00 AM 49 10306 38006 48312 20 39 39
32 30-Aug-18 1:00 PM 33 10321 38079 48401 13 73 8
33 31-Aug-18 10:15 AM 23 10331 38131 48462 52 2
34
Total Consumed electricity during August 2018 for Generator &
35 National Power 549 1593 2148
Al
A B c D E F G H 1
1 English Village, Villa No. 98, power usage status
Smart meter Smart meter Electricity Electricity consumption
Generator | readings for the [ readings for of i kWh Kk'Wh through the Total
2 Date Reading Time Blance Generator National Grid | both readings | through Generator National Grid Consumed
4 01-Sep-18 10:00 AM 41237 10343.00 38212.00 48335.00 12.00 31.00 93.00
5 02-Sep-18 700 AM 10363.00 38236.00 43619.00 20.00 64.00
6 03-Sep-18 710 AM 10378.00 38273.00 48631.00 13.00 32.00
7 04-Sep-18 715 AM 10392.00 38340.00 48732.00 14.00 31.00
] 03-Sep-18 7:10 AM 10400.76 38304.00 48803.76 17.76 71.76
9 06-Sep-18 7:10 AM 1043255 38421.77 4883432 279 i 30.56
10| 07-Sep-18 9:20 AM 10443.00 38443.00 48888.00 1243 12 33.68
11 08-Sep-18 %33 AM 10455.21 38301.38 48936.5% 1021 383 68.59
12| 08-Sep-18 3:00 AM 10473.00 38328.73 4900173 17.7% 2733 4314
13 10-Sep-18 710 AM 10491.24 38363.53 4905477 1824 3480 53.04
14 11-Sep-18 730 AM 10500.69 38608.23 49108.94 9.43 4472 .17
15 12-Sep-18 703 AM 10516.85 38630.39 4913624 16.16 3114 7.30
16 13-8ep-18 710 AM 10541.75 38636.37 4019812 2490 16.98 41.88
17 14-Sep-18 %13 AM 10554.79 38601.27 49246.06 13.04 3480 4784
18 15-Sep-18 930 AM 10581.08 38719.09 49300.17 2629 278 54.11
19| 16-Sep-18 7:10 AM 10598.83 38751.39 40935022 17.75 3230 30.05
20 17-Sep-18 7:00 AM 10609.07 38792.26 4940133 1024 40.87 JL11
21 18-Sep-18 703 AM 10629.23 38815.89 4044512 20.16 23.63 43.79
22 19-Sep-18 710 AM 10643 86 38840.76 49454 62 14.63 2487 3950
23| 20-Sep-18 %03 AM 10664.47 38881.38 4954583 20.61 40.62 61.23
24|  21-Sep-18 9:30 AM 10677.13 38801.63 49368.76 12.66 1025 prky]
25| 22-Sep-18 9:33 AM 10689.42 38034.52 4062394 1229 42.89 35.18
26| 23-Sep-18 713 AM 10696.22 38976.06 4967228 6.80 41.34 48.34
27| 24-Sep-18 720 AM 10707.75 30004.35 49712.10 11.53 2329 30.82
28|  25-Sep-18 713 AM 10720.86 39019.94 4974080 13.11 13.59 28.70
29| 26-Sep-18 710 AM 10736, 39032.32 49768.36 15.18 1238 27.56
30| 27-Sep-18 720 AM 7. 39036.13 49803.36 11.17 23.83 35.00
31| 28 Sep-18 1: 30084.03 49837.64 6.38 27.90 3428
32| 29-Sep-18 39103.02 4986922 10.61 2097 31.38
33 30-Sep-18 3912042 49501.06 1644 13.40 31.84
34| 01-Oct-183 330 AM 37170 39147.94 4983124
35 0.00
36 Total Consumed Power during August 2018 for Generator & National Power 437.64 908.42 1439.06
2. I E—

A sample of the way electricity readings were recorded in Case study 4
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Appendix E. A two-storey House designed based on fabric first principles by the author

(i _
———1
The initial design
E.1. General Information
General Information

Architect Haval Abdulkareem
Location Duhok, Iraq
Starting date May 2020
Completion June 2021
House Type Two-storey, attached
Floor area 244 m?
Roof’s U-value 0.3 W/m2K
External walls’ U-value 0.26 W/m?K
Windows’ U-value 1.5 W/m?K
Window type Low-E sliding windows, aluminium framed, double glazed, and argon

filled

242 |Page



E.2. Plans and Section

Ground floor plan (left) and 1* floor plan (right)

Roof construction layers
-50 mm thick protective screed
-50 mm thick XPS insulation
T - Waterproofing layer
-150 mm thick structural slab
[ -50 mm thick XPS insulation
Ko -100 mm cavity
-12 mm thick plasterboard ceiling

Wall construction layers
-5 mm thick plaster rendering (external)
: ; -35 mm thick EPS Insulation
/ — -10 mm thick Cement plaster
-150 mm thick concrete block
- 50 mm thick XPS insulation
-150 mm thick thermal block
-20 mm thick gypsum plaster (internal)

Section showing some construction details
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E.3. Construction phases

- The Building Plot
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- Walls construction, Insulation and Waterproofing
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- Roof construction
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