
Abadulkareem, Haval (2022) Exploring Challenges and Opportunities of 
Fabric First Principles as an Alternative to Active Climate Control Technologies 
Within the Developing World Context : a Case Study Based in the Kurdistan 
Region.  Doctor of Philosophy (PhD) thesis, University of Kent,. 

Kent Academic Repository

Downloaded from
https://kar.kent.ac.uk/95181/ The University of Kent's Academic Repository KAR 

The version of record is available from
https://doi.org/10.22024/UniKent/01.02.95181

This document version
UNSPECIFIED

DOI for this version

Licence for this version
CC BY (Attribution)

Additional information

Versions of research works

Versions of Record
If this version is the version of record, it is the same as the published version available on the publisher's web site. 
Cite as the published version. 

Author Accepted Manuscripts
If this document is identified as the Author Accepted Manuscript it is the version after peer review but before type 
setting, copy editing or publisher branding. Cite as Surname, Initial. (Year) 'Title of article'. To be published in Title 
of Journal , Volume and issue numbers [peer-reviewed accepted version]. Available at: DOI or URL (Accessed: date). 

Enquiries
If you have questions about this document contact ResearchSupport@kent.ac.uk. Please include the URL of the record 
in KAR. If you believe that your, or a third party's rights have been compromised through this document please see 
our Take Down policy (available from https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies). 

https://kar.kent.ac.uk/95181/
https://doi.org/10.22024/UniKent/01.02.95181
mailto:ResearchSupport@kent.ac.uk
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies
https://www.kent.ac.uk/guides/kar-the-kent-academic-repository#policies


 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

EXPLORING CHALLENGES AND OPPORTUNITIES OF FABRIC FIRST PRINCIPLES AS AN ALTERNATIVE 

TO ACTIVE CLIMATE CONTROL TECHNOLOGIES WITHIN THE DEVELOPING WORLD CONTEXT 

A CASE STUDY BASED IN THE KURDISTAN REGION 

 

By 
Haval Abdullah Abdulkareem 

 

 

A thesis submitted in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy 

 

 

Kent School of Architecture and Planning 

The University of Kent 

2021 

 

 

 

 
THE UNIVERSITY OF KENT 



 

  



 
 

 

 

 

 

 

 

In the name of Allah, the Entirely Merciful, the Especially Merciful. 



  



 

iii | P a g e  
 

 

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 Iraqi 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 Iraq, 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 CO2 emissions.  

 

 

 

  



iv | P a g e  
 

 

Acknowledgements 
 

From beginning to end, my gratitude is to The Lord, who blessed me with this task. Through His 

Strength, by His Knowledge and in His Grace are all things accomplished. O Allah, I am the needy 

servant at Your door, and You are the most generous of hosts.  

This piece of work has made it to the end with the support of many, to whom I owe heartfelt 

thanks. First of all, I am grateful to my first supervisor Professor Henrik Schoenefeldt, the source 

of inspiration for me and many others. There are indeed no words that can express the great 

deal of thanks that I owe him. It is he whose knowledge and insight into the subject matter 

steered me through my PhD journey. Further, I would like to extend my heartfelt gratitude to 

my second supervisor Professor Marialena Nikolopoulou. The conversations and meetings I had 

with her were absolutely necessary for me to think critically and undertake my investigations 

thoroughly. 

I would also like to acknowledge all the stakeholders for their willingness to impart their 

knowledge on the mainstream construction culture in the Kurdistan region and matters relating 

to energy efficiency in the built environment. Also, this thesis would not have been complete 

without the kind families who allowed me to carry out my investigations in their dwellings and 

provided the required data. 

I am also thankful to Mr Jawdat Mohammad for giving the opportunity to put my research into 

practice and design his own two-storey house based on the fabric first principles. Despite all 

the challenges we faced due to the pandemic, he and the construction team were remotely 

taking my instructions and patiently implementing them on the ground. 

Also, my deepest thanks and great gratitude to Canterbury Muslim Community for the support 

and kindness they have shown over the course of my research. My appreciation also go for the 

University of Kent for their financial support and my present and past colleagues at Kent School 

of Architecture and Planning for their advice and company. 

Last but not least, I am indebted to those who are the reason for my existence in this life, my 

parents (Abdullah and Asyah). Mum and Dad, no words can express the feelings and love I have 

for you. Also, thanks to my brothers (Reveng and Chalang) and my sisters (Sheheen and 

Dereen), my partners in the love of my parents, for their support and help on all matters related 

to my studies.  



 

v | P a g e  
 

 

Table of Contents 
 
Abstract ........................................................................................................................................ iii 

Acknowledgements ...................................................................................................................... iv 

Table of Contents .......................................................................................................................... v 

List of Figures ............................................................................................................................... ix 

List of Tables .............................................................................................................................. xiii 

Chapter 1        Introduction .......................................................................................................... 1 

1.1 Overview ...................................................................................................................... 1 

1.2 Research Aims, Hypothesis, and Objectives ............................................................... 3 

1.3 The study area ............................................................................................................. 4 

1.4 Thesis structure ........................................................................................................... 6 

Chapter 2       Towards the contextulisation of fabric first approach .......................................... 8 

2.1 Overview ...................................................................................................................... 8 

2.2        Fabric first approach ................................................................................................... 8 

2.3        The viability of applying the Passivhaus standard in different climates ................ 10 

2.4        Challenges of adapting the fabric first approach to the context of developing 
countries ................................................................................................................................ 20 

2.5        Summary ................................................................................................................... 24 

Chapter 3       Methodological framework ................................................................................. 26 

3.1        Overview ................................................................................................................... 26 

3.2        Research philosophy and paradigm ......................................................................... 26 

3.3        Methodological framework ...................................................................................... 28 

3.3.1        Research A .......................................................................................................... 29 

3.3.2        Research B .......................................................................................................... 41 

3.4        Summary ................................................................................................................... 43 

Chapter 4       Energy efficiency and the built environment: questionnaire results .................. 44 

4.1        Overview ................................................................................................................... 44 

4.2        Questionnaire Results ............................................................................................... 44 

4.2.1        Profile of respondents ....................................................................................... 44 

4.2.2        Degree of awareness, interest, and demand in energy efficiency ................... 45 

4.2.3        Feasibility of mainstreaming energy efficiency standards ............................... 49 

4.3        Summary ................................................................................................................... 52 

Chapter 5       Mainstreaming energy-efficient building practices in Iraqi Kurdistan: the 
underlying issues ........................................................................................................................ 54 

5.1        Economic barriers ..................................................................................................... 54 



vi | P a g e  
 

5.2        Energy awareness among KRI people ....................................................................... 56 

5.2.1        Political Instability .............................................................................................. 56 

5.2.2        Energy pricing ..................................................................................................... 58 

5.2.3        Building Legislation ............................................................................................ 59 

5.2.4        Conformity to the norm ..................................................................................... 62 

5.2.5        Lack of environmental education ...................................................................... 63 

5.3        Technical complexity and the mainstream construction industry .......................... 63 

5.3.1        Technical and environmental knowledge amongst building professionals ..... 64 

5.3.2        The current fee levels ......................................................................................... 66 

5.3.3        The quality of the workforce.............................................................................. 67 

5.4        Discussion and conclusion ......................................................................................... 68 

5.4.1        Factors related to the low-energy building ....................................................... 70 

5.4.2        Factors related to the target population ........................................................... 76 

5.4.3        Factors related to the environmental context .................................................. 76 

Chapter 6       Case studies .......................................................................................................... 79 

6.1        Overview .................................................................................................................... 79 

6.2        Case study 1: A low-income household .................................................................... 82 

6.2.1        House information.............................................................................................. 82 

6.2.2        Household information ...................................................................................... 85 

6.3        Case study 2: A working-class household ................................................................. 85 

6.3.1        House information.............................................................................................. 86 

6.3.2        Household information ...................................................................................... 88 

6.4        Case study 3: A middle-class household ................................................................... 88 

6.4.1        House information.............................................................................................. 89 

6.4.2        Household information ...................................................................................... 91 

6.5        Case study 4: An upper-class household .................................................................. 92 

6.5.1        House information.............................................................................................. 92 

6.5.2        Household information ...................................................................................... 95 

6.6        Summary .................................................................................................................... 96 

Chapter 7       Energy performance and indoor thermal conditions of the selected houses ..... 97 

7.1        Overview .................................................................................................................... 97 

7.2        Case study 1: A low-income household .................................................................... 97 

7.2.1        Findings – cooling season ................................................................................... 97 

7.2.2        Findings – heating season ................................................................................ 105 

6.1.5        Energy consumption ......................................................................................... 114 

7.3        Case study 2: A working-class household ............................................................... 115 

7.3.1        Findings – cooling season ................................................................................. 115 

7.3.2        Energy consumption ......................................................................................... 122 



 

vii | P a g e  
 

7.4        Case study 3: A middle-class household ................................................................ 123 

7.4.1        Findings – cooling season ................................................................................ 123 

7.4.2        Energy consumption ........................................................................................ 131 

7.5        Case study 4: An upper-class household ................................................................ 132 

7.5.1        Findings – cooling season ................................................................................ 132 

7.5.2        Findings – heating season ................................................................................ 139 

7.5.3        Energy consumption ........................................................................................ 144 

7.6        Conclusion ............................................................................................................... 145 

Chapter 8       Dynamic thermal modelling ........................................................................ 151 

8.1        Overview ................................................................................................................. 151 

8.2        Building model and simulation settings ................................................................. 151 

8.3        Modelling validation ............................................................................................... 155 

8.4        Case study 1 ............................................................................................................ 157 

8.4.1        Modelling scenarios ......................................................................................... 157 

8.4.2        Simulation results – the model under physical interventions ....................... 161 

8.4.3        Simulation results – the model under physical, behavioural and technological 
interventions ................................................................................................................... 169 

8.5        Case study 4 ............................................................................................................ 171 

8.5.1        Modelling scenarios ......................................................................................... 171 

8.5.2        Simulation results ............................................................................................ 174 

8.6        Conclusion ............................................................................................................... 180 

Chapter 9       Conclusions and final remarks ........................................................................... 183 

8.1        Overview ................................................................................................................. 183 

8.2        Key findings ............................................................................................................. 184 

8.3        Future work ............................................................................................................. 190 

References ............................................................................................................................... 191 

Appendices ............................................................................................................................... 205 

Appendix A.        Energy efficiency and the built environment: A Survey Questionnaire ... 205 

A.1.        English version ................................................................................................... 205 

A.2.        Arabic version .................................................................................................... 210 

Appendix B.        Mainstreaming energy-efficient building practices in Iraqi Kurdistan: The 
underlying issues – In-depth Interviews .............................................................................. 215 

B.1.        Participant information sheet – English version .............................................. 215 

B.2.        Participant information sheet – Arabic version ................................................ 217 

B.3.        A sample of Interview transcripts ..................................................................... 218 

Appendix C.        A sample of semi-structured interviews for post-occupancy evaluation in 
case studies .......................................................................................................................... 237 

Appendix D.        Monthly Energy Consumption Readings .................................................. 241 



viii | P a g e  
 

Appendix E.        A two-storey House designed based on fabric first principles by the author
 .............................................................................................................................................. 242 

E.1.        General Information ........................................................................................... 242 

E.2.        Plans and Section ................................................................................................ 243 

E.3.        Construction phases ........................................................................................... 244 

 

  



 

ix | P a g e  
 

 

List of Figures 

Figure 1.1 The map of northern Iraq  .......................................................................................... 5 

Figure 1.2 Thesis structure .......................................................................................................... 7 

Figure 2.1 Passivhaus principles .................................................................................................. 9 

Figure 3.1 The general framework ............................................................................................ 28 

Figure 3.2 Research-A Design .................................................................................................... 30 

Figure 3.3 The distribution of households based on the categories of the average monthly 
income, and the selected groups for the research  ................................................................... 34 

Figure 3.4 The locations of one of the outdoor data loggers and case study 1&3.................... 37 

Figure 3.5 Electric meters in the examined dwellings  .............................................................. 38 

Figure 4.1 Profile of participants  .............................................................................................. 44 

Figure 4.2 The average experience of the respondents  ........................................................... 45 

Figure 4.3 The level of demand and interest in energy efficiency measures among clients .... 46 

Figure 4.4 Current status of applying energy-saving measures ................................................ 47 

Figure 4.5 Key determinants in deciding which building materials to use ................................ 48 

Figure 5.1 Some of the major events around the region from the 1970s onwards .................. 57 

Figure 5.2 Socio-technical diagram showing variables associated with mainstreaming low-
energy buildings ......................................................................................................................... 69 

Figure 5.3 Traditional techniques of building with earth-based materials and straw .............. 74 

Figure 6.1 The distribution of households based on the categories of the average monthly 
income, and the selected groups for the research .................................................................... 79 

Figure 6.2 Exterior views of the examined houses .................................................................... 80 

Figure 6.3 The map of Central Duhok showing the location of the house with a view of the 
house .......................................................................................................................................... 82 

Figure 6.4 Ground floor plan (left) and views of the occupied bedroom and living room ........ 83 

Figure 6.5 Section A-A ................................................................................................................ 83 

Figure 6.6 Vegetation around the house ................................................................................... 84 

Figure 6.7 A computer-based model of the house showing sunlight on the roof at different 
times of a typical summer day ................................................................................................... 84 

Figure 6.8 The quality of the north-facing window of the living room ..................................... 85 

Figure 6.9 The map of Duhok City showing the location of the house with a view of the house
 ................................................................................................................................................... 86 

Figure 6.10 Ground floor plan with installed mechanical controls  .......................................... 87 

Figure 6.11 1st. floor plan with installed mechanical controls .................................................. 87 

Figure 6.12 Section A-A with construction details of an external wall ...................................... 88 



x | P a g e  
 

Figure 6.13 The map of Central Duhok showing the location of the house (source: apple maps) 
with a view of the house ............................................................................................................ 89 

Figure 6.14 1st floor plan (left), 2nd floor plan (right) with installed mechanical controls  ...... 90 

Figure 6.15 The map of Erbil city showing where English village is located (bottom) and an 
aerial view of the village (top) .................................................................................................... 92 

Figure 6.16 The site plan of the English village showing the location of the selected dwellings  
with an aerial and front views of the house ............................................................................... 93 

Figure 6.17 Ground floor plan (top-left) and 1st. floor plan (bottom-left) with installed 
mechanical controls.................................................................................................................... 94 

Figure 6.18 Section A-A .............................................................................................................. 94 

Figure 7.1 The environmental adjustments while A/C is on ...................................................... 98 

Figure 7.2 Part of the environmental adjustments at free-running mode ................................ 99 

Figure 7.3 The garden hose taken to the rooftop to reduce heat gains through the roof and 
promote evaporative cooling around the house ..................................................................... 100 

Figure 7.4 The way the household deals with air leaks through the bottom of the doors...... 100 

Figure 7.5 Ground floor plan (left) and views of the monitored spaces (right) showing the 
location of data loggers ............................................................................................................ 101 

Figure 7.6 Recorded outdoor dry-bulb temperature and relative humidity ............................ 102 

Figure 7.7 A psychrometric chart shows the internal measurements in both living room and 
bedroom  .................................................................................................................................. 103 

Figure 7.8 Recorded indoor and outdoor dry-bulb temperatures ........................................... 103 

Figure 7.9 Histogram of hourly living room and bedroom temperatures ............................... 104 

Figure 7.10 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability)
 .................................................................................................................................................. 104 

Figure 7.11 The new PVC windows of the living room ............................................................. 106 

Figure 7.12 The living room a. before changes b. after changes ............................................. 106 

Figure 7.13 The living room with heating equipment .............................................................. 107 

Figure 7.14 The teapot on the kerosene heater in the living room ......................................... 108 

Figure 7.15 Ground floor plan (left) and views of the monitored spaces (right) showing the 
location of data loggers ............................................................................................................ 110 

Figure 7.16 Outdoor dry-bulb temperature and relative humidity ......................................... 111 

Figure 7.17 Histogram of hourly temperatures in the monitored spaces ............................... 112 

Figure 7.18 Recorded indoor and outdoor dry-bulb temperatures ......................................... 112 

Figure 7.19 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability)
 .................................................................................................................................................. 113 

Figure 7.20 Household's energy consumption profile ............................................................. 114 

Figure 7.21 Ground floor plan (top), 1st. floor plan (bottom) and views of the monitored 
spaces (right) showing the distribution of data loggers ........................................................... 118 

Figure 7.22 Outdoor dry-bulb temperature and relative humidity ......................................... 119 

Figure 7.23 Histogram of hourly living room and bedroom temperatures ............................. 119 



 

xi | P a g e  
 

Figure 7.24 Recorded RH in all monitored spaces for a period (July 28th to August 8th) ...... 120 

Figure 7.25 Recorded indoor and outdoor dry-bulb temperatures for a period (August 6th to 
August 14th) ............................................................................................................................. 120 

Figure 7.26 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability)
 ................................................................................................................................................. 121 

Figure 7.27 Household's energy consumption profile ............................................................. 122 

Figure 7.28 1st floor plan (top-left), 2nd floor plan (bottom-left) and views of the monitored 
spaces showing the distribution of data loggers ..................................................................... 127 

Figure 7.29 Recorded indoor and outdoor dry-bulb temperatures for a period (August 6th to 
August 14th) ............................................................................................................................. 128 

Figure 7.30 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability)
 ................................................................................................................................................. 129 

Figure 7.31 Recorded RH in all monitored spaces for a period (July 28th to August 8th) ...... 130 

Figure 7.32 Household's energy consumption profile ............................................................. 131 

Figure 7.33 Roof and attic cross section  ................................................................................. 134 

Figure 7.34 Ground floor plan (left) and views of two monitored spaces (right) showing the 
location of data loggers ........................................................................................................... 135 

Figure 7.35 Recorded outdoor dry-bulb temperature and relative humidity ......................... 135 

Figure 7.36 Pscychrometric chart showing indoor readings in the monitored spaces ........... 136 

Figure 7.37 Recorded indoor and outdoor dry-bulb temperature over a period of a week ... 137 

Figure 7.38 Histogram of hourly living room and bedroom temperatures ............................. 138 

Figure 7.39 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability)
 ................................................................................................................................................. 138 

Figure 7.40 Recorded outdoor dry-bulb temperature and relative humidity ......................... 141 

Figure 7.41 Recorded indoor and outdoor dry-bulb temperature  ......................................... 142 

Figure 7.42 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability)
 ................................................................................................................................................. 143 

Figure 7.43 Household's energy consumption profile ............................................................. 145 

Figure 7.44 The relationship between the level of income and the level of human intervention 
in adjusting indoor thermal conditions .................................................................................... 146 

Figure 7.45 Annual energy consumption per square meter of floor area in the examined case 
study houses ............................................................................................................................ 147 

Figure 7.46 The U-values of roof and externals walls in the examined case study houses 
compared to the requirements of Passivhaus ......................................................................... 148 

Figure 7.47 seasonal variation in energy use in the examined case study houses ................. 149 

Figure 8.1 Comparison between outdoor temperatures from EneryPlus weather files and in-
situ measurements for the city of Duhok (left) and Erbil capital (right) .................................. 153 

Figure 8.2 The base models of case study 1 (left) and case study 4 (right) ............................. 154 

Figure 8.3 A wooden gazebo added to the rooftop ................................................................ 157 

Figure 8.4 The impact of roof covering on indoor operative temperature across different 
spaces ....................................................................................................................................... 161 



xii | P a g e  
 

Figure 8.5 The impact of roof covering on the annual cooling energy use .............................. 162 

Figure 8.6 The impact of windows replacement alongside roof covering on indoor operative 
temperature across different spaces during summertime ...................................................... 162 

Figure 8.7 The impact of physical interventions proposed in Scenario 2 on annual cooling and 
heating energy use ................................................................................................................... 163 

Figure 8.8 The impact of physical interventions proposed in Scenario 3 on indoor operative 
temperature across different spaces during summertime ...................................................... 164 

Figure 8.9 The impact of the entire building envelop upgrade proposed in Scenario 3 on 
annual cooling and heating energy use .................................................................................... 164 

Figure 8.10 The impact of physical interventions proposed in Scenario 3 on indoor operative 
temperature across different spaces during wintertime ......................................................... 165 

Figure 8.11 The impact of physical interventions proposed in Scenario 4 on indoor operative 
temperature across different spaces during summertime ...................................................... 166 

Figure 8.12  The impact of the entire building envelop upgrade proposed in Scenario 4 on 
annual cooling and heating energy use .................................................................................... 166 

Figure 8.13 The impact of physical interventions proposed in Scenario 4 on indoor operative 
temperature across different spaces during wintertime ......................................................... 167 

Figure 8.14 The impact of physical interventions proposed in all modelling scenarios on indoor 
operative temperature across different spaces during summertime ...................................... 168 

Figure 8.15 The impact of physical interventions proposed in all modelling scenarios on indoor 
operative temperature across different spaces during wintertime ......................................... 168 

Figure 8.16 The predicted heating and cooling energy use of the third and fourth scenario and 
the case base model compared to Passivhaus and EnerPHit standards .................................. 170 

Figure 8.17  Showing the proposed gabled roof ...................................................................... 172 

Figure 8.18 The impact of the intervention proposed in the first scenario on indoor operative 
temperature across upper floor's spaces during summertime ................................................ 174 

Figure 8.19 The impact of the intervention proposed in the first scenario on the annual cooling 
and heating energy use ............................................................................................................ 175 

Figure 8.20 The impact of the physical interventions proposed in Scenario 2 on indoor 
operative temperature across different spaces during wintertime ......................................... 176 

Figure 8.21 The impact of the physical interventions proposed in Scenario 2 on indoor 
operative temperature across different spaces during summertime ...................................... 176 

Figure 8.22 The impact of the physical interventions proposed in Scenario 2 on the annual 
cooling and heating energy use ................................................................................................ 177 

Figure 8.23 The impact of the physical interventions proposed in Scenario 3 on indoor 
operative temperature across different spaces during summertime ...................................... 178 

Figure 8.24 The impact of the physical interventions proposed in Scenario 3 on indoor 
operative temperature across different spaces during wintertime ......................................... 178 

Figure 8.25 The impact of the physical interventions proposed in Scenario 3 on the annual 
cooling and heating energy use ................................................................................................ 179 

Figure 8.26 The predicted heating and cooling energy use of the second and third scenario 
and the case base model compared to Passivhaus and EnerPHit standards ........................... 180 



 

xiii | P a g e  
 

 

List of Tables 

Table 2.1 The criteria of Passivhaus  ......................................................................................... 10 

Table 4.1 Degree of importance of six determinants in deciding which building materials to 
use .............................................................................................................................................. 49 

Table 4.2 Drivers for mainstreaming energy-saving measures within the built environment .. 50 

Table 4.3 Barriers for mainstreaming energy-saving measures within the built environment 51 

Table 4.4 Key actions to increase the likelihood of adopting low-energy buildings ................. 52 

Table 6.1 A summary of characteristics of the examined case studies  .................................... 81 

Table 7.1 A summary of overheating assessment in regards to ASHARE adaptive comfort & 
CIBSE static standards .............................................................................................................. 105 

Table 7.2 A summary of indoor thermal conditions in regards to ASHARE adaptive comfort & 
CIBSE static standards .............................................................................................................. 114 

Table 7.3 A summary of overheating assessment in regards to ASHARE adaptive comfort & 
CIBSE static standards .............................................................................................................. 121 

Table 7.4 A summary of overheating assessment in regards to ASHARE adaptive comfort & 
CIBSE static standards .............................................................................................................. 129 

Table 7.5 A summary of overheating assessment in regards to ASHRAE adaptive comfort & 
CIBSE static standards .............................................................................................................. 138 

Table 7.6 A summary of indoor thermal conditions in regards to ASHARE adaptive comfort & 
CIBSE static standards .............................................................................................................. 143 

Table 7.7 A summary of overheating assessment in regards to ASHARE adaptive comfort & 
CIBSE static standards .............................................................................................................. 148 

Table 8.1 Comparison between the mean outdoor temperatures from EneryPlus weather files 
and in-situ measurements  ...................................................................................................... 153 

Table 8.2 Comparison between the monitored and simulated indoor air temperatures in case 
study 1 and 4 (summertime) .................................................................................................... 156 

Table 8.3 Comparison between the monitored and simulated indoor air temperatures in case 
study 1 and 4 (wintertime) ...................................................................................................... 156 

Table 8.4 Comparison between the monitored and simulated total energy use in case study 1 
and 4  ....................................................................................................................................... 156 

Table 8.5 The differences between the upgrading scenarios ................................................. 160 

Table 8.6 The simulated heating and cooling energy use of all the scenarios compared to the 
case base model ....................................................................................................................... 169 

Table 8.7 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  ................................................................................................................................ 170 

Table 8.8 The differences between the upgrading scenarios ................................................. 173 

Table 8.9 The simulated heating and cooling energy use of all the scenarios compared to the 
case base model ....................................................................................................................... 180 

 





 

1 | P a g e  
 

 

 

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 (Iwaro 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 Iraq 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 Iraq. 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 (Iwaro 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 CO2 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 

Iraqi 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 Iraqi 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 CO2 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 km2 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 Iraqi 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). 

 
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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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/m2.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). 

 
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/m2.K respectively. Also, it is essential that the building’s heating load does 

not exceed 10 W/m2, 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/m2.yr or 10 W/m2 

Space cooling demand (In climates 

where active cooling is needed) 

≤ 15 kWh/m2.yr or 10 W/m2 with an additional allowance for 

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/m2.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 Linköping, 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 ≥25 °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 Štrancar, 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/m2 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/m2, 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 façade. 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, Illinois 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/m2.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/m2.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/m2.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/m2 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/m2. 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 m2 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 (Müller 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 Iraqi 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, it is 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 Iraqi 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 Iraqi 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 Iraqi 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 



28 | P a g e  
 

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 CO2 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 Iraqi Kurdistan in the light of limited 

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

 

 

 

 

 

 

 
 

 

Contextual Model 

 

A-contextual 
Model 

Cultural 
parameter

 

Technical 
insights 

Theoretical 
design 

Research B 

Cultural context 
investigations 

Research A 

Figure 3.4 The general framework (author) 



 

29 | P a g e  
 

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 Iraqi 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 KRI, 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 KRI 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. 

 

 

 

 

 

 

 

 

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 

questionnaire 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 

questionnaire 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 Iraqi Kurdistan, i.e. Sulaymaniyah, Erbil and Duhok 

(KRSO and IOM, 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 

(IQD) 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 IQD whereas the 

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

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

 

 

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. 
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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. 

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). 

Figure 3.8 Electric meters in 

the examined dwellings 

(author) 
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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 Tcomf and Tpma(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. Tlower and Tupper, being 5 

K and 7 K apart 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 

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

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

0.8 using the exponential equation from ASHRAE 55 (2013) as follows: 

Tpma(out) = (1 – α) [te(d−1) + αte(d−2) + α2 te(d−3) + α3 te(d−4) + ···] .                                                            (1) 

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 (Tcomf) 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 < Trm < 30 °C, (CEN Standard EN15251, 2007). For this reason, this model could 

not be applied in the current research since Trm, 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 (To), which is the average of the air temperature [Ta] and the mean radiant 

temperature [Tr] (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 Ta was assumed to be a proxy for To. 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 
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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-Iraq. 

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 Iraqi 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 
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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 

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. 

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 

quotes: "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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Figure 4.10 The average experience of the respondents (author) 
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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. 

 
Figure 4.11 The level of demand and interest in energy efficiency measures among clients (author) 
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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." 

 
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." 

 
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. 

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 

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

 

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 

Factors                                                                        1            2            3           4            5  

Degree of importance quoted 
by 77 respondents Total 

respond Mean      Rank 
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following are three illustrative quotes: "The region is suffering from the lack of electricity; there 

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. 

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 

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

 

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 

Drivers 
Total 

respond Rank Responses 
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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." 

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 

 

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 

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

Barriers 
Total 

respond Rank Responses 
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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. 

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 

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

 

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 
energy-efficient buildings] 

40 77 5 

Providing financial support 36 77 6 

Increasing cost effectiveness 24 77 7 

Other 2 77 8 

Key actions 
Total 

respond Rank Responses 
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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 Iraqi 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 

qualitative 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 Iraqi 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 I 

realised that it is more about lack of awareness among people rather than affordability. I 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 […] I 

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, 

Iraq-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 I believe shifting to energy-efficient homes 

surely needs long-term thinkers. 

 
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: 

I think energy costs have not been supportive to drive people to think of energy-saving 

and cultivate that awareness. I remember when I was studying in the UK I 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, I 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 

Iraqi 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 I 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 I was asking for the reason, they were often saying that they have seen it in 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? I 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 

questionnaire 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 I 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 I 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 KRI'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:  

I could be an example; I had worked for several years with a big construction company 

where I was involved in designing and constructing many projects where some of them 

were very strategic projects like Family Mall [It 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 I were not aware of these issues. But since 

I went abroad and took some courses in sustainable architecture and environmental 
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design, my design approach has significantly changed. Now, I find myself guilty of not 

thinking of energy performance of all those projects, especially the Family Mall one as it 

is a 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 I 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 I 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 

qualitative context of the mainstream construction culture in the KRI 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: 

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

• The level of environmental awareness among KRI people, 

• The required policy instruments and government interventions, 

• 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. 

 

 

 

 

 

 

 

 

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 
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qualitative 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.  

It is 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 a link [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 

Iraqi 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), Sağlam 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 (Gatóo, 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 

(Gatóo, 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 (Gatóo, 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 Iraqi 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 Iraqi 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), Santín (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 

https://www.annualreviews.org/doi/full/10.1146/annurev.soc.28.110601.141051
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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 Iraqi 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). 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                

 

 

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.  

 

 

Like the vast majority of residential units in Iraqi 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 

Figure 6.18 Exterior views of the examined houses (author) 
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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, KRI Duhok, KRI Erbil, KRI 

House Type One-storey, 
detached 

Two-storey, 
stand-alone 

Three-storey, 
attached 

Two-storey, 
detached 

Floor area 98 m2 143 m2 215 m2 253 m2 

Utilised floor 
area 

76 m2 122 m2 120 m2 169 m2 

ceiling height 2.8 m 2.8 m 3 m 2.9 m 

Roof type Concrete flat roof Concrete flat roof 
and lightweight 

metal hipped roof 

Concrete flat roof double-roof system: 
flat reinforced 
concrete roof 

coupled with a 
pitched lightweight 

metal tile roof 

External wall 
materials 

Cement plaster, 
solid concrete 
blocks, cement 

plaster 

Cement plaster, 
solid concrete 

blocks, gypsum 
plaster 

Cement plaster, 
solid concrete 

blocks, gypsum 
plaster 

Limestone, hollow 
bricks, gypsum 

plaster 

Roof’s U-value 3.8 W/m2K 2.1 W/m2K (flat 
roof) and 2.7 

W/m2K (hipped 
roof) 

3.3 W/m2K 1.3 W/m2K 

External walls’ 
U-value 

2.8 W/m2K 2.6 W/m2K 2.6 W/m2K 1.43 W/m2K 

Window type All window 
openings are old, 
steel framed and 

single glazed 

All window 
openings are PVC 

framed and 
double glazed 

Aluminium 
framed and single 

glazed 

Sliding windows, 
aluminium framed 
and 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).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 

Figure 6.19 The map of Central Duhok showing the location of the house (adapted from Apple Maps) with a 
view of the house 
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space which will be discussed in a later section. The unit has a floor area of approximately 98 

m2 (only 76 m2 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) 

(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. 

Figure 6.21 Section A-
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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.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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/m2K and 2.8 W/m2K 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 

Figure 6.22 Vegetation around the house (author) 

July 15, 12:00 pm July 15, 08:00 am 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) 
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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. 

 

 

 

 

 

 

 

 

 

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 Iraqi 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, Iraqi 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).  

Figure 6.24 The quality of the north-facing window of the living room (author) 
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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 m2, 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 

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

 

 

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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mechanical controls (author) 
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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/m2K (flat roof) and 2.7 W/m2K (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. 

 

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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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 

Figure 6.29 The map of Central Duhok showing the location of the house (source: apple maps) with a view of 
the house 
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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. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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 1st-floor bedroom and 2nd-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/m2K, 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/m2K, 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/m2K. 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 (IQD), 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=jsEpXIeSGDQ] 

6.5.1 House information 

The house is a two-storey unit with a floor area of approximately 235 m2, 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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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 façade, 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 

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 
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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/m2K, 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/m2K. 

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 

‘Shaqlawa’ 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). 

 

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 I leave it [the air conditioner] on is that I 

store some food there, and energy from public network is cheap; it does not cost me a lot, so I 

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/m2) of the amount 

Using a thick cloth 
as a door bottom 
seal for cool 
retention 

A/C unit 

A/C unit 

Chest freezer 

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

cold water a lot during hot periods [when A/C goes off], I 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."  

 

 

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 I don't do that, we feel excessive heat coming down through the roof." 

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

Hot air rises into 
the roof space 

Doors are left open 
promoting natural 
ventilation 
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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 I 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 

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

Garden hose 

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) 
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researcher] see, I 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, I mean our relatives, started using air-conditioners instead of air coolers 

over the last years. And I 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 (16m2) 

and main bedroom (17.5m2) (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 °C and 40.4 °C respectively. 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).  

 
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, I 

mean it becomes warm causing discomfort. 
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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 7.41 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) 

 

Figure 7.42 Recorded indoor and outdoor dry-bulb temperatures (author) 
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Figure 7.43 Histogram of hourly living room and bedroom temperatures (author) 

 
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 

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). 

 Internal temperature Percentage of 
occupied hours 
above certain 
temperatures 

ASHRAE adaptive comfort standard 

 

Room Mean 
(°C) 

Minimum 
(°C) 

Maximum 
(°C) 

>26 °C >28 °C Occupied hours 
above Tupper (90% 

acceptability) 

Occupied hours 
above Tupper (80% 

acceptability) 
Living room 29.07 21.9 35.7 - 61% 236 (35%) 167 (24%) 

Bedroom 32.31 25.63 39.51 99% - 133 (43%) 83 (27%) 
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 Figure 7.46 The living room a. before changes b. after changes (author) 

Air conditioner 

a 

b 
Kerosene heater 

Air conditioner 

Figure 7.45 The new PVC windows of the living room (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.  

 

 

 

 

 

 

 

 

 

 

 

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 

Using a thick cloth as a door 
bottom seal to exclude 
draughts and retain heat 

Air conditioner 

Kerosene heater 

Electric heater 

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

 

 

 

 

 

 

 

 

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 

Teapot 

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



 

109 | P a g e  
 

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 I had enough fuel, I 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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Figure 7.49 Ground floor plan (left) and views of the monitored spaces (right) showing the location of data 

loggers (author) 
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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 (Trm) 

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).  

 

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 I 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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Figure 7.50 Outdoor dry-bulb temperature and relative humidity (author) 
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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. 

 

 

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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Figure 7.52 Recorded indoor and outdoor dry-bulb temperatures (author) 
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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 (WHO), “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. 

 
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) 

6.1.5 Energy consumption 

 
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/m2yr) 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 MWh’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 I feel slightly cold especially 

at night, maybe it sounds odd, but I 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 I 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 façades 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: I like my room; all my 

toys and painting tools are there [.....] It is very hot so that is why I 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. I 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 (12m2), 

living space (40m2), bedroom (17.5m2) on the ground floor, and bedroom (17.5 m2) on the first 

floor (see Fig. 7.21). And because of the limited number of monitoring devices and the fact that 

https://dictionary.cambridge.org/dictionary/english/right
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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. 

 

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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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. 
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Figure 7.56 Outdoor dry-bulb temperature and relative humidity (source: weather station) 

Figure 7.57 Histogram of hourly living room and bedroom temperatures (author) 
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Figure 7.58 Recorded RH in all monitored spaces for a period (July 28th to August 8th) 

 

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). 

 

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  

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 °C to 36.4 °C. Interestingly, the peak temperature in all examined spaces 

was recorded in the afternoon on the same day, i.e. August 6th – the hottest day, which might 

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

7.3.2 Energy consumption 

 
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/m2 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 I 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 I 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: “I 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 I work two 24-hour shifts a week at the hospital where the temperature I guess 

is around 23 °C, so you can say that my body gets acclimated to such temperature. When I come 

back home, which is of course warmer, I feel that I 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 façade 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, I 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 m2 floor area, only 120 m2 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 bedrooms, i.e. both rear bedrooms on the 1st and 2nd 

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 m2), living space (40 

m2) and guest room (28 m2) on the first floor, and master bedroom (26 m2) 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).  
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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' (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). 

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.  

 
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. 

 
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 

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 get in 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. 

 
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. 

 
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 I 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 m2 floor area, in 

fact, only 169 m2 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, I 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. 

 

Figure 7.67 Roof and attic cross section (author) 

Evaporative air cooler 
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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 m2), living space (54 m2), and en suite 

bedroom (18 m2) on the ground floor (see Fig. 7.34), whilst no measurements were recorded 

on the first floor due to the limited number of sensors. 
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Figure 7.68 Ground floor plan (left) and views of two monitored spaces (right) showing the location of data loggers 
(author) 

 

0 %

5 %

10 %

15 %

20 %

25 %

30 %

35 %

40 %

45 %

50 %

55 %

60 %

0 °C

5 °C

10 °C

15 °C

20 °C

25 °C

30 °C

35 °C

40 °C

45 °C

7/
27

/2
01

8

7/
28

/2
01

8

7/
29

/2
01

8

7/
30

/2
01

8

7/
31

/2
01

8

8/
1/

20
18

8/
2/

20
18

8/
3/

20
18

8/
4/

20
18

8/
5/

20
18

8/
6/

20
18

8/
7/

20
18

8/
8/

20
18

8/
9/

20
18

8/
10

/2
01

8

8/
11

/2
01

8

8/
12

/2
01

8

8/
13

/2
01

8

8/
14

/2
01

8

8/
15

/2
01

8

8/
16

/2
01

8

Hu
m

id
ity

 (R
H%

)

Te
m

pe
ra

tu
re

 (o C)

Temperature Humidity

S1 

S2 

Figure 7.69 Recorded outdoor dry-bulb temperature and relative humidity (author) 
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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. 

 
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 m2) 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 

 
Figure 7.72 Histogram of hourly living room and bedroom temperatures (author) 

 
Figure 7.73 Indoor temperatures with comfort boundaries of ASHRAE 55 (80% acceptability) 
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 Internal temperature Percentage of 
occupied hours 
above certain 
temperatures 

ASHRAE adaptive comfort standard 
 

Room Mean 
(°C) 

Minimum 
(°C) 

Maximum 
(°C) 

>26 °C >28 °C Occupied hours 
above Tupper (90% 

acceptability) 

Occupied hours 
above Tupper (80% 

acceptability) 
Kitchen 31.4 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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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 Shaqlawa [it is a resort town] over 

weekends, the house gets cold as we do not leave any appliance on, so once we come 

back I 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. “I 

generally do not like air conditioning in winter; the air is so dry. It dries out my nasal passages, 

and I feel it is one of the reasons why I 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). 

 
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 (Trm) 

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%. 

 
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 K and 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. 

 
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) 
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 Internal temperature Percentage of occupied 
hours below certain 

temperatures 

ASHRAE adaptive comfort standard 
 

Space Mean 
(°C) 

Min 
(°C) 

Max 
(°C) 

<17 °C <22 °C Occupied hours below 
Tlower (90% 

acceptability) 

Occupied hours 
below Tlower (80% 

acceptability) 
Living room 22 16.4 28.5  22% 0 (0%) 0 (0%) 

Bedroom 19.2 15 28.2 8% - 74 (26%) 9 (3%) 

Kitchen 16.8 13.5 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. 

 
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. 

 

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/m2.y which was found to be 103 kWh/m2.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 

The level of income 
 

Th
e 

le
ve

l o
f h

um
an

 in
te

rv
en

tio
n 

 

Case study 1 
 

Case study 2 
 

Case study 3 
 

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 
carpets before summer starts; washing the screed floor, opening/closing doors, turning on ceiling fans; switching on A/C 

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 

{ 

{ 

Highest 
 

Case study 4 
 

Lowest 

Summer: Turning on cooling equipment, 
adjusting blinds and clothes 
 
Winter: Turning on heating equipment, 
adjusting blinds and clothes 

Figure 7.78 The relationship between the level of income and the level of human intervention in adjusting indoor 
thermal conditions (author) 
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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. 

 
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 

 

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. 

 
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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  Internal temperature Percentage of 
occupied hours 
above certain 
temperatures 

ASHRAE adaptive comfort standard 
 

Case 
study 

Room Mean 
(°C) 

Minimum 
(°C) 

Maximum 
(°C) 

>26 °C >28 °C Occupied hours 
above Tupper (90% 

acceptability) 

Occupied hours 
above Tupper (80% 

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 1st.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 
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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. 

 
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-Iraq? 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 CO2 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 



152 | P a g e  
 

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). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Location  Period  In-situ measurements  EnergyPlus Weather data 

Duhok 
Mean °C (August) 34.2 °C 36.5 °C 

Mean °C (January) 7.2 °C 5.8 °C 

Erbil 
Mean °C (August) 34.9 °C 35.2 °C 

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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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) 
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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). 

 

 

 

 

 

 

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 

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

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 

Figure 8.84 A wooden gazebo added to the rooftop (author) 
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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/m2.K are replaced with new 

low-E, double glazed and argon-filled ones in which their U-value is around 1.5 W/m2.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/m2.K to 0.36 W/m2.K, a figure that is even lower than what 

is recommended in the BRC (i.e. < 0.5 W/m2.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/m2.K to 0.28 

W/m2.K. This is again lower than what is recommended in the BCR (i.e. < 0.3 W/m2.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/m2.K to 

0.45 W/m2.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/m2.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/m2.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/m2K (Hines et al., 2015). Accordingly, the U-value of the 

external walls is reduced to 0.12 W/m2.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/m2.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/m2K 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 

scenarios 

 
Roof covering 

 Ext. windows 

U-value 

 Ext. walls 

U-value 

 Roof 

U-value 

Base model N 6.1 W/m2.K  3.1 W/m2.K 3.8 W/m2.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/m2.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/m2.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. 8 am to 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/m2.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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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/m2.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 8.86 The impact of roof covering on the annual cooling energy use (author) 
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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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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 a 5 to 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/m2.yr reduction in the total energy 

consumption. However, the contribution made does not stop there. 
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Figure 8.88 The impact of physical interventions proposed in Scenario 2 on annual cooling and heating energy use 
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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/m2.yr reduction in the total energy consumption. In total, with 

the physical interventions introduced in this scenario, the potential energy saving in this 

residential unit is 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. 

 

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) 

Figure 8.93  The impact of the entire building envelop upgrade proposed in Scenario 4 on annual cooling and 
heating energy use (author) 

0

1000

2000

3000

4000

5000

6000

7000

Annual energy consumption for cooling (kWh)

Base model Scenario 4

0

10

20

30

40

50

60

70

80

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

0
500

1000
1500
2000
2500
3000
3500
4000
4500

Annual energy consumption for heating (kWh)
Base model Scenario 4

0

10

20

30

40

50

60

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



 

167 | P a g e  
 

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 

CO2 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. 

 

 

 

 

 

 

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/m2.yr, a figure that completely complies with 

Passivhaus standard that allows consuming up to 30 kWh/m2.yr for cooling and heating 

together. Meanwhile, the latter scenario exceeded the allowed limit by almost nine kWh/m2.yr, 

yet it still met the EnerPHit standard, which allows retrofitted buildings to perform at a slightly 
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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) 
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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) 

 Heating  
Consumption 

(END USE) 

Heating  
Consumption 

(per m2) 

Cooling  
Consumption 

(END USE) 

Cooling  
Consumption 

(per m2) 

Total 
heating/cooling 

Consumption 
(END USE) 

Total 
heating/cooling 

Consumption 
(per m2) 

 kWh kg CO2 USD kWh kg CO2 USD kWh kg CO2 USD kWh kg CO2 USD kWh 
kg 

CO2 
USD kWh 

kg 

CO2 
USD 

Base 

model 4462 1160 260 53 13.8 3.1 6221 5105 1555 74 60.7 18.5 10683 6265 1815 127 74.5 21.6 

Scenario 1 4462 1160 260 53 13.8 3.1 4788 3929 1197 56 46 14 9250 5089 1457 109 59.8 17.1 

Scenario 2 4078 1060 238 48 12.5 2.8 4206 3451 1052 50 41 12.5 8284 4511 1290 98 53.5 15.3 

Scenario 3 833 217 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 CO2 emissions. The annual heating energy use increased by 

approximately 110% (from 53 kWh/m2.yr to 111 kWh/m2.yr), and the expected increase in the 

annual cooling energy use was found to be around 64% (from 74 kWh/m2.yr to 121 kWh/m2.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) 

 Heating  
Consumption 

(END USE) 

Heating  
Consumption 

(per m2) 

Cooling  
Consumption 

(END USE) 

Cooling  
Consumption 

(per m2) 

Total 
heating/cooling 

Consumption 
(END USE) 

Total 
heating/cooling 

Consumption 
(per m2) 

 kWh kg CO2 USD kWh kg CO2 USD kWh kg CO2 USD kWh kg CO2 USD kWh 
kg 

CO2 
USD kWh 

kg 

CO2 
USD 

Base 
model 

9369 2436 543 111 28.9 6.4 10210 8378 2553 121 99 30.3 19579 10814 3096 232 128 36.7 

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 

 
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/m2.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/m2.yr), and it is just 0.5 kWh/m2.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/m2.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/m2.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/m2.yr for cooling and heating together. In total, 

the house needed 3968 kWh (i.e. 50.6 kWh/m2.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/m2.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. 

 

 

 

 

 

 

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/m2.K to 1.5 

W/m2.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/m2.K reduction in their U-value (i.e. from 1.5 W/m2.K to 0.35 W/m2.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/m2.K to 0.28 W/m2.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 

Figure 8.98  Showing the proposed gabled roof (author) 
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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/m2.K reduction in its U-

value (i.e. from 2.4 W/m2.K to 0.5 W/m2.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/m2.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/m2.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 

scenarios 

 
Roof covering 

 Ext windows 

U-value 

 Ext. walls 

U-value 

 Roof 

U-value 

Base model Y (pitched metal roof) 2.6 W/m2.K  1.5 W/m2.K 2 W/m2.K 

Scenario 1 Y (wooden roof pergola) 2.6 W/m2.K  1.5 W/m2.K 2 W/m2.K 

Scenario 2 Y (wooden roof pergola) 1.5 W/m2.K  0.35 W/m2.K 0.28 W/m2.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 am to 3 pm, 5 pm to 11 pm) and (3 pm to 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 set at 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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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/m2.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/m2.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 8.100 The impact of the intervention proposed in the first scenario on the annual cooling and heating energy 
use (author) 
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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) 

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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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/m2.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 8.103 The impact of the physical interventions proposed in Scenario 2 on the annual cooling and heating 
energy use (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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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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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/m2.yr). Accordingly, the total 

annual energy use for both cooling and heating would jump to around 31 kWh/m2.yr. In any 

case, however, the house with Passivhaus-based fabric interventions would save around 11-12 

MWh. This in turn will reduce CO2 emissions by 5.2 to 6 tonnes if one considers that the 

household would entirely rely on kerosene for heating rather than electricity. 

 

 

 

 

 

 

 

 

 

 

 

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/m2.yr. 
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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) 
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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) 

 Heating  
Consumption 

(END USE) 

Heating  
Consumption 

(per m2) 

Cooling  
Consumption 

(END USE) 

Cooling  
Consumption 

(per m2) 

Total 
heating/cooling 

Consumption 
(END USE) 

Total 
heating/cooling 

Consumption 
(per m2) 

 kWh kg CO2 USD kWh kg CO2 USD kWh kg CO2 USD kWh kg CO2 USD kWh 
kg 

CO2 
USD kWh 

kg 

CO2 
USD 

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 1 8250 2146 480 41.7 10.8 2.4 8807 7227 2202 44.5

 

36.5 11.1 17057 9373 2682 86.2 47.3 13.5 

Scenario 2 1615 420 94 8.7 2.3 0.5 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 

 

 
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 Iraqi 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/m2.yr, 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 

there is 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 KRI 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 CO2 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: 

• 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/m2.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 CO2 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. 

• 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 Iraqi 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/m2.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/m2.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/m2.yr to keep the homes at the right temperatures during the heating season 

while the latter scenario requires no more than 17 kWh/m2.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 Iraq. 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 CO2 

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 

https://www.climatelinks.org/resources/greenhouse-gas-emissions-factsheet-iraq
https://www.climatelinks.org/resources/greenhouse-gas-emissions-factsheet-iraq
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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 CO2 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 CO2 emissions. Accordingly, 

upgrading the building envelope across the existing housing stock in Iraqi 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 CO2 emissions (somewhere around 

2.65 million tonnes of CO2 emissions). This is equivalent to 24% of CO2 emissions 

produced by the KRI’s residential buildings in 2015. 

• Given the socio-economic and socio-technical conditions in northern Iraq, 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 an issue, 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 

question 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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A.2. Arabic version 
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Appendix B. Mainstreaming energy-efficient building practices in Iraqi Kurdistan: The 
underlying issues – In-depth Interviews 

B.1. Participant information sheet – English version 
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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.I. 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. I.: well, as far as I 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 I 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 I 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 I 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 
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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 I 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 I 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. I.: I 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; I mean affordability is a key determinant. So it’s 

something that I can’t neglect when designing. That is why you can notice from my buildings 

that I always tried to avoid oversized spaces, and paid attention to low-cost construction 

techniques. 

Regarding Mr Saad’s point about enforcing energy efficiency standards, I 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 I would say that there must 

be some exceptions. 

 

 



220 | P a g e  
 

Researcher: In your opinions, what might be the driver behind the lack of desire towards 

energy-efficient designs among clients? 

R. I.: Well, I 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, I was thinking that way too but having worked for wealthy people for years I 

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 I 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.I.: With respect to public awareness about energy efficiency, I think energy costs, being very 

low in this country, were not supportive to drive people to think of energy-saving and cultivate 

that awareness. I remember when I was studying in the UK I 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. I 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 I 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. I think 

this will cultivate their awareness towards energy efficiency. 

S. Th.: I think the level of education also plays a role in promoting environmental awareness. I 

mean as I said I have designed and built houses for many clients from upper-income class, and 

I 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.I.: 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 I think 

the level of education is not always a driver. But I 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.I.: 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, I will talk about one of my recent buildings. It is 1400 m2 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 I 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 I played a significant role in pushing him to do that. I 

remember in my early discussions with him I 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. I 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 I 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 I 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 a 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.  

I 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 I 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 I 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 I believe the overall thermal efficiency will be quite good. 

R.I.: My turn haha. My case I 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 I 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 I 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.: I 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 I 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; I know people give importance to the appearance of their shelters. So it can be 

rendered with modern-day materials. 

R.I.: 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, 

I think not many people would accept to live in mud houses. 

S. Th.: Well, I 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, I agree with 

you. But as I 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 I think technical 

skills will not be an issue. 

R.I.: Well, traditional construction methods are still practised in Erbil; something like brickwork 

is quite common there. So I believe they can provide good lessons to other areas if needed. 

S. Th.: What Mr R.I. just said reminded me of something happened with us some years ago. I 

had a design where I 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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I 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 I believe the workforce can adapt. Maybe the first few 

projects will be a bit challenging, but I 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.I.: 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 I 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 I would like to 

discuss that further. Based on the questionnaire survey I carried out, the results indicate that a 

large proportion of engineers are not that much aware of energy-efficiency measures, so I 

wonder what might be the reason. Is it because Universities don’t provide that knowledge? 

R. I.: Yes, our architects and engineers are not up to the required standard from a technical and 

environmental angle. And I think there are a few factors here. It is first and foremost the 

architecture and engineering curriculum. As far as I 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. I could be an example; I 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 I and my team were not aware of these issues. But since I went 

abroad and took some courses in sustainable architecture and environmental design, my design 

approach has significantly changed. Now, I 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.I.: Yeah, there are environment-related subjects taught in architecture schools but I think 

the available tutors are not environmentally up to scratch to inspire students to incorporate 

knowledge from those subjects. 

 

 



 

227 | P a g e  
 

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.I.:  

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 I believe it could make a significant influence on peoples' attitudes towards 

energy consumption. So I 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.: I agree with all the points that he has made, and I would add a couple more. I 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 I 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 

I 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, I 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 I 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 I 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 I noticed with our clients that sometimes the level of 

education influences their desires and requirements but I 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 I 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 I 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. I 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 I think because as I 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 I 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 I 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 I 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. I 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 I 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, I 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, I 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. 

I 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 I 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 I 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 I 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 I can 

say that people have no idea about such plan at all.  

So I 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 I 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, I 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 

Iraqi 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, I 

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 I 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 I think 

periodical updates will be necessary to allow adjustments to take place and ramp up the 

policies. 

I said that and I am sure you will also realise that when you compare the proposed codes with 

the European ones for example. I am personally not that much aware of all the international 

standards, but I have good background knowledge about the building regulations in the 
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Netherlands as I worked there for almost two decades. In the Netherlands and I 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. I remember when I 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 I 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 I 

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 I would say the proposed codes are not as developed as they 

should be, but I 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 

1. Gender: Female 

2. Age: 62 years  

3. Marital status: Widow 

4. Employment status: Unemployed (housewife) 

5. Socio-economic status: Low-income (the average monthly income is around 300-350 

USD) 

6. Highest level of education: Literacy school (level-6) 

7. Tenure category: Owner occupier 

8. How many people live here? Just me and my son, who goes to work every day from 

early morning till late afternoon. (2 people) 

9. How long have you been living in this house? We moved to this house in 1985, and I 

have been living here since that time. But the house was built in 1970s, but I am not 

sure in which year exactly was built. 

SECTION B: Building attributes/ energy consumption 

10. House type: Single-family dwelling 

11. Number of bedrooms: There are two bedrooms, but we no longer use one of them as 

a bedroom because it is thermally inappropriate. I 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], I mean in terms of their 

construction details, except that that room is more exposed to direct sunlight in 

summer. 

Where do you sleep then? 

I sleep in the living room, and my son sleeps in the other bed room. 

12. The best building attribute: There is nothing really to highlight but I can say that the 

best thing is that it is close to city centre. (Its location) 

13. The worst building attribute: There are many which I 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, 

I 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/ 

Control 

Open 

Windows 

Open 

Doors 

Ceiling 

fan 

Split 

A/C 

Air 

cooler 

Roof-top water 

sprinkling 

Floor water 

sprinkling 

Wearing wet 

clothes 

Living room         

Bedroom         

Kitchen         

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, 

I 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, I 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 I leave it On is that I store some 

food there, and the power supply from the national grid has been cheap by far, so I 

prefer to leave it On. Especially, the electricity supply from the national grid during this 

summer is better than last years, I 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, I mean it becomes warm causing discomfort. So I open 

the doors, including the entrance door, and turn on the ceiling fan, and sometimes 

especially in hot days I wear wet clothes and sometimes I dampen my clothes couple 

times a day. And because I used sealing tape to prevent air infiltration through 

windows, I 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: I see a platter full of plastic cups of frozen water here in the living room, may I 

know why?  

Since I drink cold water a lot during hot periods [when A/C goes off], I 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, I can't say that I do wash the floor and sprinkle water on the roof-top 

daily, but if not daily I 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 I don't do that, we feel excessive heat coming down through the roof. 

Me: I 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 I 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, I mean our relatives, shifted 

from using air coolers to using air-conditioners over the last years, and I 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 I 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 

from the national grid 

Cold Cool Slightly 

cool 

Neutral Slightly 

warm 

Warm Hot 

Summer daytime?        

Summer night?        
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In the absence of electricity 

from the national grid 

Cold Cool Slightly 

cool 

Neutral Slightly 

warm 

Warm Hot 

Summer daytime?        

Summer night?        

[Her choices for the summer night are based on the living room indoor environment as 

she sleeps there]. 

20. Humidity in the rooms: 

 
Very 

dry  

Dry   Slightly 

dry 

Neutral Slightly 

humid 

Humid   Very 

humid 

Summer daytime?        

Summer night?        

[Again here she highlighted that she is used to dampen her dress in hot days] 

21. Air movement in the rooms: 

 
Very 

little 

Little  Slightly 

little 

Neutral Slightly 

much 

Much  Very much 

Summer daytime?        

Summer night?        

[Here, she highlighted the role of ceiling fans] 

22. Overall Indoor environment: 

 

Very 

uncomforta

ble  

Uncomforta

ble 

Slightly 

uncomforta

ble 

Neutral 
Slightly 

comfort-

table 

Comfort-

table 

Very 

comfort-

table 

Summer daytime?        

Summer night?        

[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] 

23. Thermal preference: 

 Much cooler Slightly cooler No change Slightly warmer 
Much 

warmer 

Summer daytime?      

Summer night?      

24. Your typical clothing at home: Kurdish dress [It is a long dress] 
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Appendix D. Monthly Energy Consumption Readings 

 
 

 

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 

 

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 m2 

Roof’s U-value 0.3 W/m2K 

External walls’ U-value 0.26 W/m2K 

Windows’ U-value 1.5 W/m2K 

Window type Low-E sliding windows, aluminium framed, double glazed, and argon 
filled 
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E.2. Plans and Section  

 

Ground floor plan (left) and 1st floor plan (right) 

 

 

 

Section showing some construction details 

 

Roof construction layers 
-50 mm thick protective screed 
-50 mm thick XPS insulation 
- Waterproofing layer 
-150 mm thick structural slab 
-50 mm thick XPS insulation 
-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) 
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E.3. Construction phases 

- The Building Plot 

 

- Foundation work 
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- Walls construction, Insulation and Waterproofing 

 

 

 



246 | P a g e  
 

 

- Roof construction 
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- Finishes and closures 
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