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Welcome from Professor Paul Jowitt, ICE MEA Sub-Committee Chair and ICE 

Past President. 

To attenders of the Parsons Graduates & Students Paper Competition:  
 
On behalf of the Institution of Civil Engineers (ICE) and the judging panel for this competition 
I would like to welcome you to the presentations final of our 2015 Parsons Graduates and 
Students Papers Competition. This event is “the appetiser” for our 2015 ICE Middle East & 
Africa Convention in Muscat, Oman.    
 
This will be the fourth ICE Convention at which we have held a Graduates and Students 
Papers Competition.  But the idea of ICE members - young and old – presenting papers to 
their peers goes back to the very start of the Institution in1818.  It was the way knowledge 
was shared and ideas discussed.  And even in this internet age, it is still an effective way of 
disseminating and sharing knowledge. 
 
I would like to thank my fellow judges for the time they have spent reviewing the synopses, 
shortlisting the papers and then selecting the three finalists to present their papers in Muscat.   
They voluntarily gave their time to make this special event happen.    
 

Thanks therefore go to my fellow judges: 

 Mr. Chris Powell, Chair of Judging Panel, WorleyParsons 

 Hon. Prof  Khalifa  Al-Jabri, Head of Department of Civil and Architectural 
Engineering, College of Engineering, Sultan Qaboos University, Oman 

 Mr. Phil Holmes, ICE Council Member for the Middle East & Africa, COWI 

 Mr. Beren De Hora, Vice President, Parsons 
 

And many thanks also to Subbaraman Ranganathan (ICE Oman Representative) and Brian 
da Cal (ICE Area Manager; Middle East, Africa & the Americas) for their overall role in 
organising the 2015 ICE MEA Convention in Muscat. 
 
The theme of this Middle East and Africa Convention is “Shaping the Future, Respecting the 
Past” and competition entrants were asked to submit abstracts for technical papers that 
would broadly fit into this theme.  The theme is very timely, with the UN having just published 
its Sustainable Development Goals, and with infrastructure development in the Middle East 
and Africa proceeding apace, and with it, the need to balance the value of heritage with the 
needs of the future.   
 

And the theme seems to have resonated with the Graduates and Students, with more 

entrants than ever being received for this 2015 event.  The judges selected the ten best to be 

invited to submit their full papers. Marking of these was done according to a structured and 

categorized system to ensure fairness and the three entrants with the highest average scores 

won trips to this event to make their oral presentations to the judges. Final rankings for first, 

second and third place will be made based on these presentations. 

 

Paul Jowitt, CEng FICE – ICE MEA Sub-Committee Chair 

 



 

 

  
Warm thanks also go to the Higher College of Technology who graciously 

agreed to host the competition. 

The Higher College of Technology in Muscat is the second largest higher education institution 
in Oman serving more than 12000 students studying in various programs. It is one of seven 
colleges under the Ministry of Manpower in the Sultanate.  

 

The Higher College of Technology (HCT), before being renamed and upgraded as such in 
2001, was known as Oman Technical Industrial College, established in 1984 at the initiative of 
His Majesty Sultan Qaboos bin Said to educate the citizens of Oman by implementing high 
quality programs in various fields. 

 

The programs comprise three levels in addition to the Foundation Program. A student could 
spend up to five semesters in the Foundation Program before moving to Diploma level in a 
chosen specialization and then to the other two levels; Advanced Diploma, and Bachelor of 
Technology (B. Tech). In HCT, students’ progress from one level to another depends upon 
their performance at each level provided they meet progressively demanding criteria. 

 

Apart from the English Language Centre (ELC), HCT has seven academic departments: 
Engineering, Information Technology (IT), Applied Sciences, Business Studies, Pharmacy, 
Photography and Fashion Design. Beside, HCT has other centres and administrative 
divisions. The Educational Technology Centre (ETC) is the central resource for Information 
Technology facilities, educational technology resources and library services in the College. 
The administrative divisions are the Student Affairs, Academic Affairs, and Administrative and 
Financial Affairs. 
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Abstract 

Oman has been recognized for its traditional irrigation system 

“Aflaj” that helped the rise of communities in such arid climate, 

which made it an essential element in Omani Vernacular 

Architecture.  The term ‘Falaj’ is a local terminology referring to the 

man-made channel of running water due to gravitational force from 

one location to another. Falajs are usually categorized, based on their 

water source, into: Ghaili, Daudiand Aini. The Falaj has a layout 

which regulates the water distribution within the settlement. This 

layout passes through 4 sequences done on the basis of priority and 

requirements of users. First, the water passes through an open 

channel for drinking, then ablution at the mosque. After that, it flows 

through defensive buildings; finally, the water is used for domestic 

consumption and farms’ irrigation.  

This paper investigates weather the above stated sequence of water 

usage was implemented in the studied settlements. For this 

investigation, three settlements were chosen based on the availability 

of the data: Harat Qasra in Rustaq, Saija in Samail and Hujrat 

Musalmat in Wadi Al Maawil. There are different factors that 

influenced the layout of the Falaj. These factors will be analyzed in 

a comparative study for the three settlements. The geographical and 

social context of each settlement should be considered in the analysis 

of the factors.  

The research revealed a clear difference in the Falaj layout among 

the three settlements as a result of multiple factors such as 

geographical nature, defensive purposes, availability of water 

sources, and the fertile lands. Moreover, the topographical aspects is 

one of the major differences which has been clearly recognized 

between the four settlements.  

KEYWORDS 

Water Channel 

Irrigation system 

Falaj layout 

Hara organization 

Traditional settlement 
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1. Introduction 

The hot dry climate that Sultanate of Oman is characterized by, did not stop the evolution of the 

civilization. An ancient water irrigation system of Aflaj sustained a water source that managed to 

overcome the low average annual rainfall. The water precipitation is 100 mm/year but reaching 

300 mm/year in the mountains in the north. According to a research conducted by Mohammed Al 

Hajri, two factors were behind the idea of Falaj system occurrence: First, the irregular rainfall in 

terms of quantity and times of descent, so that the people were forced to adapt an efficient 

irrigational system to protect the seasonal crops which needs a specific amount of water at specific 

times. The second reason is related to the topographical configuration of the Sultanate that’s 

formed of mountain chains and wadies, which helped in storing rain water as an ground water. 

Therefore, groundwater became the main water source providing 92% of the total renewable water 

resources. This system of Aflaj irrigates 41% of cultivated area. This use of the Falaj system is 

found mainly in foothills and land bounding the Hajar Mountains in the north. In definition, the 

word Falaj is a term of a complete irrigation system. The word is derived from an ancient Semitic 

root which means divide in indication to the dividing of property into shares among shareholders 

(J.C Wilkinson, 1977). The term is also implied in the division made in the ground to open a water 

channel. Both represent the definition of a ground cut water channel where water is distributed 

among those who have the right to it.  

The Aflaj in Oman are categorized into three types, depending on the source of water supply: 

Ghayli, Da’udi and Ayni.Ghayli comes from the word Ghyl which means surface flow of water. 

In Ghayli Falaj the water is diverted from its path in the wadi into a channel. The second type, 

which is the most used, is Da’udi which comes from the name of the prophet Sulayman bin 

Da’ud;this type represents the Qanat and said to be built by the prophet. Qanat are mined galleries 

which tap underground water supply. This type have many components and needs a number of 

techniques to manage the transportation of water from the mother well (Umm Al Falaj) to the 

Bilad(Settlements). The third is AL Falaj Al Aiyni, which uses springs water that is collected into 

a manmade pond that is then distributed using water channels. 

 Although there is no clear historical reference to the origin of the Falaj, most attributions 

originates it to a similar Persian technique ‘Qanat’ dating back to the 8th century BC. In the Aflaj 

study done by J.C. Wilkinson (1977, 1983), he argues that such irrigation system cannot work with 

shareholding and landownership because it requires a large capital investment and rather be 

adapted in a landlord relationship. In addition, ignorance of the Omani people to the Falaj building 

techniques forms is an obstacle to the continuity of the system stating that "it is improbable that 

this work could have been carried out by the people who now use these irrigation systems, at least 

not with the levels of skill, knowledge, attitudes, and methods of land organization they currently 

display". Historically this can be confirmed through the fact that Oman was occupied by 

Achaemanids before the settling of Azid Arabs. During Yacāriba Imamates in the 17thcentury there 

was a wide Aflaj construction movement such as Falaj Al Hamra and Falaj AKhatmeen. 
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The falaj water shareholding system was described by Wilkinson as being a "combinations and 

variations of methods used in each village". The Falaj Administrative system in the past can 

however be generalized as three main roles: Al Areef العريف() , Al Wakeel )الوكيل(   and Al Hasseeb 

 Al Areef was responsible of studying the Falaj flow conditions of strength and weakness.)الحّسيب(

and investigating the reasons behind that as well as he decides any maintenance work, when 

required. While, Al Wakeel is the person who had the full financial power related to Falaj expenses 

and returns.On the other hand, Al Hasseeb responsibility embodied on determining the times at 

which the Falaj irrigation shall be switched from a person’s farm to another at night (Al HAjri, 

1998).  

In addition the falaj system have been a core component in the architectural growth and life of 

people that it had to be regulated within the Islamic regulations and Islamic Jurisprudence so called 

fiqeh (فقه). This regulations discussed the responsibilities of flaj maintenance by the shareholders 

and the rights of all whom might be influenced by the digging of a falaj , fixing , using the Sarooj 

gypsum sealant or opening another ground water channels and wells that might use the same 

ground water source which differentiated between per Islamic falajs and Islamic flajs which can 

help in understanding the history of Aflaj (ʻAbd al-Sattār ʻUthmān,2014). 

2. Methodology 

 

2.1 Falaj and The Bilad 
Falaj dependent settlements in Oman represents 90 to 95 per cent of the population 

living east of the line where the Bajada zone finally merges with the full desert. 

However only 1.5 % of the central Oman land surface is cultivated, where the majority 

of the villages are located in the larger valleys. The villages have the tendency to be 

organized in nucleated patterns. They are small and isolated from each other even 

where the Aflaj are grouped. 

In the large mountain settlements like Sumayil, Nizwa and Rustaq had a population by 

1950s that did not exceed 10,000. Topical settlements had a population between 500 

and 2,500.  

It can be said that Falaj irrigation system tend to produce its own self-contained 

community. Rarely the history of the Falaj in relation to the settlement is identified. 

Many settlements and Aflaj are abandoned and get destroyed in the periods of war. 

Although settlement are then inhabited by Bedu tribes and dead Falajs get revitalized, 

the original Falaj line in most of the cases cannot be traced. In the same manner it was 

notated that if a distribution or destruction happens to the flaj it will results in a 

discontinuity of the settlements growth. Such cases are found in many villages as 

settlers leave their towns and villages in search for water. And when water is back to 

the falaj and the abandoned settlement goes back to life. Such pattern can be called The 

Periodical Growth of historical settlements.  
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2.2 Standard Layout of The Falaj 

 

 

 

 

 

 

 

 

 

 

The figure above shows the standard Falaj layout in Oman. The aqueduct is the first open node at 

which the Falaj channel access the Hara. Then, the Falaj channels are branched further and resulted 

waterways are used for drinking purpose; each single waterway where the drinking water may be 

drawn is called Shari’a شريعة() . After that, the Falaj passes through the mosques, where it is being used 

for ablution. The water continues its path reaching to the defensive buildings. Then it moves to the 

next destination, the Majaza (ةزمجا) locations, at which a free domestic consumption takes place. The 

Domestic usage of Falaj water mainly for household use such as: washing, cooking and bathing. 

Finally, the Falaj reaches to the farms to irrigate date palm trees and fertilized lands.At this stage, 

Ameen Al Falaj (أمين الفلج) or Wakeel Al Falaj ()وكيل الفلج ‘Falaj Manager’ takes the responsibility of 

distributing part of the water among the farm owners, based on their share of money or labor; the other 

part is rented for the inhabitants who need an extra amount of irrigation water. 

Comparing this to our resent water purity scheme of fresh water, grey water and black water and 

consecrating the effect each function happening within the falaj layout. The following diagram is 

made.  

 

 

 

 

 

 

 

 

 

 

Figure 1: General Layout of the Falaj 

From: Proceedings of the Seminar for Arabian Studies 37 (2007) 

Figure 2 water purity within falaj layout 
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2.3The Falaj layout of each settlement 

2.3.1 Harat Qasra, Al Rustaq 

The Falaj is called FalajAbu Tha’alaband was constructed during the Yacāriba Dynasty through Imam 

Sultan bin Saif Al Yarubibetween 1060 and 1070 Hijri (1,650-1,660 AD) (Al Shaqsi1996). The figure 

below illustrates the layout of Harat Qasra with the path of the Falaj. The Falaj starts from the rebuilt 

mosque of the Hara flowing to the east where it passes through the house that is called by the residents 

"Bait Al Falaj". This name owed due to the fact that it is traversed by FalajAbu Tha'lab. The passage 

of the Falaj inside the house conflicts with what Wilkinson stated in his research paper (The 

organization of the Falaj irrigation system in Oman):  "in the residential area, no diversion of the Falaj 

for private or public purposes is permitted nor does the Falaj normally passes under buildings". The 

available data describes a place inside the house named "Bait Al Rumha" which can be translated to 

spear house. This may indicate that this house had a special defensive function that allows it to be an 

exception to the rule. The Falaj then continues to flow to the place where- according to the locals’ 

stories- a female Majaza was used to be. The Falaj finally arrives to the animal corral and the farms.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sharia 

Figure 3: Falaj Layout of Harat Qasra 
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2.3.2 Saija, Samail  

In Harat Saija, the Falaj originates 

inside the settlement at the Ain (water 

spring),as shown in the figure below. 

The Falaj path then directed to the 

mosques and farms outside the Hara, 

where it flows through series of 

branches at the end of the Hara. 

 and irrigates deferent levels of 

fertilized lands. All the palm trees 

oasis and farms are watered by three 

Falajs: Falaj Al-Hamam, Falaj Al-

Hadith and Falaj Al-Qari 

. 

 

 

 

 

Figure 4: Falaj near one of the small mosques 

Figure 5: Falaj Layout of HaratSaija 
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2.3.3HujratMusalmat, Wadi Al Maawil 

The layout of Hujrat Musalmat shown 

below indicates that the Falaj flows outside 

the Hara. It connects a series of Majaza 

locations along its path to the farms. The 

absence of a Falajflow inside the Hara may 

be because of the introverted nature of the 

Hara, where people wanted it to be isolated 

from the outside for defensive reasons. 

 

 

 

 

 

 

3 Results of the Comparative Study 

3.1 Comparison of the General Falaj Layout to Each Settlement 

The following table reveals comparison and contrast of each settlement Falaj layout to the general 

layout of the Falaj: 

Table 1:Falaj path through settlements 

Falaj Path Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 

Standard Falaj 

Layout 

Sharia Drinking 

Channels 

Mosques Defensive 

Buildings 

Majaza 

Locations 

Farms 

Qasra Falaj 

Layout 

Sharia Mosque Bait Al 

Falaj 

Majaza  Corral Farms 

SaijaFalaj 

Layout 

Ain 

 

Majaza Mosques & 

Farms 

- - - 

MusalmatFalaj 

Layout 

Majaza 

Locations 

Farms - - - - 

 

 

 

Figure 6: Falaj Layout of Hujrat Musalmat 
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3.2 Analysis of influencing factors 

The comparison table in section 3.1 shows a variation between the general Falaj layout that has been 

explained previously and the layout of the Falajin the studied settlements. The layout of the Falaj in 

HaratQasrafollows the same sequence of the general layout making it the least varied one between 

the other Harat. From the study of Harat Qasra and its link to the Ya'rubi period where it was the 

Imam Nasser bin Murshid birth place, it can be said that the developed organization of the Falaj 

system and settlement is a result of the social, scientific and economic renaissance at that time. The 

knowledge that people had about purity (Ahkam Al tahara) directed the organization of the Falajlayout 

to ensure that the water used for each function satisfies the required amount of purity. In HaratSaija, 

the Falaj layout seems to follow the general layout however the recent use contradict it as people 

nowadays are using the Falajwater for bathing before it arrives to the mosque. It is not clear if this 

was the original organization or it has been altered by the new users. 

HujratMusalmat shows a clear defensive layout that may be the cause having the Falajflow outside 

the Hara and not using it for drinking purposes as it can be targeted during war periods by the 

enemies.The three settlements are however located at different geographical nature of Oman, and 

they go back to different historical periods. This might affect the accuracy of the comparison results

              

Conclusion 

The Falaj layout of each settlement has been analyzed and compared to the standard Falaj layout in 

Oman. The comparative analysis revealed that the general layout has been implemented almost in all 

the three settlements.Falaj layout in Harat Qasra is the most similar to the standard Falaj layout. The 

first point at which Falaj channel opens is the Sharia next to the mosque. Then, it goes for the domestic 

use and finally it reaches to the farms. On the other hand, Harat Saija and Hujrat Musalmat have 

shown some variations from the standard Falaj organization. This inconsistency might be due the 

functional, geographical and social differences. The development of Omani settlements in relation to 

the Falaj system depends upon many interfering aspects both went through many historical event and 

might have been destroyed and rebuilt several times .Therefore, this relation cannot be clearly 

identified. 
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Synopsis  
 

The physical constituents of the cultural heritage of any region are essential to accurately 

understand the history and culture of the society around it, and they also create a systematic 

guide to cultural growth and development. In China, this has been a highly common practice and 

has extremely managed to preserve and develop the traditions, achievements and beliefs of the 

Chinese people. The continuous use of improved construction methods has played a great role in 

facilitating the maintenance and existence of the cultural heritage in this region.  

The art of combining old and new civil engineering materials across China is impeccable. Most 

structures use modern materials for framework to ensure durability and strength but the overall 

architectural shape, design and finish are done with a combination of beautiful but ancient 

timberwork, stone carving, rammed earth, bucket arch designs and various other design methods. 

But the most significant methods of timber frameworks, paintings and carvings have managed to 

maintain the principles and layout of structures from as far back as the 16
th

 Century. This ability 

to continuously imprint the vision of the past has greatly strengthened the influence of ancient 

culture on the inhabitants of this region. The psychological effect it impacts promotes positive 

attitudes towards ensuring technological growth with less/no effects on the general daily lives of 

the people, also inciting the idea of ownership and indigenization which morally motivates the 

constructor to ensure quality production of the structure. 

Elie Wiesle once said, “Without memory, there is no culture. Without memory, there would be 

no civilization, no society, no future.” In the past, the overly narrow focus on new              

construction in engineering education and related areas left students ill-prepared for entering the 

profession and perpetuated their mindsets into building new and neglecting or disposing of the 

old; this fueled an unsustainable economic model. The development in civil engineering has, not 

only in China, taught engineers to approach construction works by first familiarizing themselves 

with the building systems of the past, understand the mechanisms of decay and their visual 

manifestations, and translate this potential using current standards.  

 

 

 
 

Then Part of the urban section of the ancient Chinese painting, "Along the River During the Qing-Ming Festival, Now 
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Abbreviation/Acronyms 

 
The term heritage resources refers to all cultural objects which have been handed down from the 

past, including buildings, their furnishings and the environments in which they are located 

 

Preservation: this is an umbrella term used to describe the entire field if activities which ensure 

the survival of our heritage resources. Preservation includes the study, protection, development, 

administration, maintenance and interpretation of all heritage resources, whether they are objects, 

structures or the environments in which they were found. 

 

Conservation; Canadians often use the terms conservation and preservation interchangeably, 

while in the United States, the term preservation is used almost exclusively to describe heritage-

related activities. Canadians adopted the term conservation from British practitioner, who used 

the word to refer to the treatment of a broad range of artifacts. 

 

Rule-of-thumb;” it is better to preserve than to repair, better to repair than restore and better to 

restore than to reconstruct” 

 

Restoration; is the practice of returning a structure or site to its appearance at some earlier stage 

of its development. 

 

Renovation or recycling; terms used to describe the process of modifying a historic structure to 

meet today’s standards in order to extend its useful life. 

 

Rehabilitation; is the process of modifying a historic building which is still being used for its 

original or a similar function so that it will meet current building codes. 

 

Adaptive re-use; is the process of modifying an existing building so that it can be used for a new 

function. 

 

Remodeling; is the process of modifying an existing structure to meet today’s standards usually 

for aesthetic rather than functional reasons. 

 

Reconstitution; is the process of piece-by-piece re-assembly of a structure’s original building 

components, either in its regional location or on a new site. 

 

Replication; is the process of reproducing an exact copy of an existing building on another site. 

 

Reconstruction; is the process of re-creating a building which no longer exist, on the basis of 

archeological and historical evidence.  
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1.1 Introduction  
 

 In China, where there is an ancient civilization of five thousand 

years, distributes not only historical relics like historic structures 

and sites, but also abundant historic settlement. Ever since 1950s, 

Chinese government has gradually founded a comprehensive 

heritage preservation system, which refers to different types of 

cultural heritages, such as immovable heritage, historic cities, 

historic towns and historical blocks.  

 

The analysis of heritage structures is a complex task that requires specific training. The changing 

materials and construction techniques, which swiftly moved away from traditional practice, and 

challenging technical and scientific developments, which make new possibilities available for all 

agents involved in the preservation of the built heritage, are key aspects in the division between 

the science of construction and the art of preservation. The last decades have witnessed relevant 

developments in the fields of experimental techniques and computer simulations of heritage 

buildings. These advances are a result of the growing societal concern about the need for 

preservation, together with the cultural and economic importance of these activities.  

 
In the past, significant attention has been devoted to aspects of preservation trades and architectural 

education, with several references in the APT Bulletin. But only recently has more attention been 

given to the development of engineering curricula focused on quantitative techniques and 

methodologies applied to the engineering evaluation and remediation of heritage structures and to 

assuring that students acquire the competencies necessary to address the challenges of the market. 

The creation of a strong preservation-engineering community is supported by an international journal 

devoted to this subject, the International Journal of Architectural Heritage: Conservation, Analysis 

and Restoration, and by a series of biannual conferences on structural analysis of historical 

construction, which have had an average of 300 participants. Still, most engineers are rarely exposed 

to the specifics of preservation engineering in the course of their education. Therefore, this paper 

focuses on research issues, the Developments and Declarations, Methods and Technology, 

Adaptations and Management techniques used in Peoples’ Republic of China, all related to 

preservation-engineering education and with a reference to construction and structure. 
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2.1 The Development  
 

Primitive structures, or buildings used for people to live and stay, are mainly pit houses, made up 

of pits in the ground with roofing. These structures have been unearthed at various parts of the 

world. Thousands of years ago, with simple tools which humans learned to make and use, they 

constructed dwellings for shelter from rain by making use of natural materials, such as grass, 

wood, stone, mud and animal skin. With the development of civilized society, they came to make 

buildings that have symbolic meanings, such as religious, hierarchical, or memorial, beyond the 

original meaning of dwellings. Those buildings are temples, palaces and theaters, one of whose 

representatives is the pyramids and the Great Wall of China. Depending on natural conditions, 

under which civilization it was born, and social conditions, such as thought, religion or 

hierarchy, a variety of buildings with various architectural forms have been built around the 

world. These buildings expanded their dimensions vertically and laterally as new building 

materials and techniques were developed. Having developed gradually over time, historic areas 

embody the values of traditional culture both tangible and intangible. However, the built 

environment and material culture in historic areas, such as historic buildings, are the absolute 

centre in the protection process in present China, while the conservation of intangible cultural 

heritage has 

seldom been carried out consciously. In recent years, with a growing world-wide attention to 

intangible heritage and the successive publication of Convention for the Safeguarding of the 

Cultural Heritage, Kimberley Declaration and Teemaneng Declaration, conservation for the 

intangible heritage of historic areas has become a more and more conscious topic in China 

gradually. This paper illustrates the progress in the preservation of historic areas in China, and 

how the conservation of tangible heritage can also be enhanced through the conservation of 

intangible heritage, especially with conserving the spirit of historic areas. In 2005 Xi’an 

Declaration on the Conservation of the Setting of Heritage Structures, Sites and Areas was 

adopted, it definitely pointed out “intangible cultural heritage” “created and form the space as 

well as the current and dynamic cultural, social and economic context” and we (civil engineers) 

“should take into account the tangible and intangible dimensions of settings when making 

decision.” Major declarations made included;  

 

 

2.2 Declarations  
 

 The setting of a heritage structure, site or area is defined as the immediate and extended 

environment that is part of, or contributes to, its significance and distinctive character. 

 

 

 Understanding the setting in an inclusive way requires a multi-disciplinary approach and 

the use of diverse information sources. 

 

 Heritage impact assessments should be required for all new development impacting on 

the significance of heritage structures, sites and areas and on their settings. 
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 Change to the setting of heritage structures, sites and areas should be managed to retain 

cultural significance and distinctive character. 

 

 Monitoring should define approaches and actions to appreciate and measure as well as 

prevent or remedy decay, loss of significance or trivialization and propose improvement 

in conservation, management and interpretation practices. 

 

 Professional training, interpretation, community education and public awareness should 

be encouraged to support such co-operation and sharing of knowledge as well as to 

promote conservation goals, improve the efficiency of the protection tools, management 

plans and other instruments. 
 

The congregants at the conventional meeting adopted the above conditions to secure and rectify 

the stressing need to address adequately the rapid or incremental transformation of cities, 

landscapes and heritage routes which result from changes in lifestyles, agriculture, development, 

tourism or large-scale disasters of natural or human origin, and to recognize, protect and sustain 

adequately the meaningful presence of heritage structures, sites and areas in their settings as a 

way to reduce the threat these transformation processes constitute against the cultural heritage in 

the full richness of its authenticity, meaning, values, integrity and diversity. 

 

 

 

 

3.1 Methods and Technology 
 

The use of modern concepts and methods of conservation for the preservation of China’s 

heritage sites began in the 1930s when under the guidance of professional architects, a number of 

heritage buildings underwent restoration. The conservation scales began from cultural relics and 

individual build heritage, then groups of buildings/sites, and gradually developed into historic 

cities and areas. 

 

3.1.1 Preservation Strategies 
 A number of philosophical approaches or preservation strategies have been developed to deal 

with the broad range of architectural artifacts in the built environment. These approaches involve 

varying levels of physical intervention and are usually ranked by preservationists from the most 

conservative (1.Preservation) to the most radical (6.Reconstruction), based on the degree to 

which the building is altered. The Rule-of-thumb is applied. Experience has shown that the 

greater the level of intervention, the greater the risk of ruining a historic building as an artifact. 

Since historic buildings are often unique and irreplaceable, preservationists are cautious in 

choosing and executing a preservation strategy. Even though preservation is considered as the 

safest strategy, interventions are limited to the application of preservative treatments and the 

installation of protective systems, such as fire and security alarms. These are done to protect and 

maintain the building without altering its appearance. This strategy is said to protect the 

building’s integrity, meaning that it is still true to its own character and history. 
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3.1.2 When restoration is considered, the particular period selected is usually determined by its 

historical association or for reasons of aesthetic integrity. Restoration involves the removal of 

any changes which were made after that period and the replacement of any missing earlier 

features. Since the value of a restoration is measured by its accuracy and authenticity, extensive 

research and highly specialized expertise are required to accomplish both accurate removal and 

authentic replacement of building components. Meticulous restoration is therefore slow and 

costly. Because of this, it is usually undertaken by large preservation organisations or 

government agencies, primarily for educational purposes 

 

3.1.3 Renovation is largely done by the private sector, usually for making the project 

economically viable. It involves the widest range of preservation activities, includes the three 

processes of rehabilitation, adaptive re-use and remodelling. Preservationists categorize 

renovations as either sympathetic (or sensitive) to the existing building or not. Rehabilitation is 

usually sympathetic, while remodelling often isn’t. Adaptive re-use may or may not be 

sympathetic, depending on the approach taken. Rehabilitation may involve modifications such as 

the replacement of old fixtures or heating systems and the repair of deteriorated architectural 

features. Every effort is done to minimize the impact of these modifications to avoid destroying 

the character of the existing structure. Remodelling may involve stripping the existing structure 

to the bare essentials and refinishing it so that it is indistinguishable from a new building. This 

particular approach is also called modernizing or redesigning. Another approach to remodelling 

involves the application of architectural details from different, usually earlier, periods to create 

the impression of an older building. Often the result of either approaches is a hybrid which is 

neither new nor old in appearance. Both are discouraged by preservationists, because the hybrid 

often becomes quickly dated or falsifies the past. 

 

3.1.4 When the original building components have been torn apart or scattered throughout the 

site as a result of a disaster such as an earthquake, reconstitution may be an appropriate method. 

It may also involve the dismantling of a building when its original components are sound but 

lack structural integrity as a result of poor initial construction or subsequent failures. One of the 

most frequent reasons for reconstitution is land use change, which requires the location of a 

building to a new site. Often the building must be dismantled to facilitate the move. In China a 

number of museum villages have been formed in this way. Preservationists are usually opposed 

to reconstitution to a new site, except as a last resort in order to preserve a building. They argue 

that a building removed from the environment it was built loses its sense of place. Furthermore 

the resulting gap may destroy the visual cohesiveness of the building stock from which it is 

removed and ruin the possibility of upgrading the area in the future.  

 

3.1.5 The value of construction is in its accuracy, but attaining this may be virtually impossible. 

There is also the temptation to improve upon the past by adding features which never existed or 

leaving out some original features which may appear inappropriate to modern eyes. If new 

evidence disproves previous suppositions, recreated buildings cannot be easily modified to 

improve the accuracy of the reconstruction. Thus, reconstructions are almost inevitably revealed 

as inaccurate over time. For these reasons, preservationists view reconstruction as the most 

radical level of intervention.  
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3.2 Technology 
 

Historical and cultural block, as an important aspect of Chinese settlements preservation, is an 

essential existence of urban history and culture, and, relying on its distinctive value in art, 

science and humanity, it keeps on developing with the long history of city. At the same time, 

historical and cultural block is a kind of precious recourse which is non-renewable, and most of 

them are experiencing poor preservation, decayed function, outdated facilities and other 

problems because of social vicissitudes and urban function changes.  

As the historical and cultural blocks form and keep on developing during a long history, the 

styles  and features are varied. To a single architecture, because of repeated renovation and 

rebuilding, the integral structure and the details are diverse. In addition, given high integrity; 

high density, poor condition and narrow streets, there are actual difficulties in mapping. As a 

result of the outcomes of traditional mapping are all static, is difficult for the administrating and 

planning departments to monitor the effects of renovation, especially to track some of the key 

points in detail, so most of the styles and features are changed quite seriously after renovation, 

comparing with that before. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 (a) Remote sense image of Yujiaxiang 

historical and cultural block 

(before renovation, 2007) 

Figure 3.2 (b) Remote sense image of Yujiaxiang 

historical and cultural block 

(after renovation, 2010) 
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3.2.1 The workflow of digital recording in the preservation of historical and 

cultural blocks 

 
In order to avoid all the problems above, GIS and 3D scanning technology were applied during 

the preservation of Wenming historical and cultural blocks, and the workflow of digital 

information recording in the preservation of historical and cultural blocks was as follows: 

 

 
Figure 3.2.1 Digital information recording workflow of historical and cultural block 

 

3.2.2 GIS AND THE BASIC INFORMATION RECORDING SYSTEM OF 

HISTORICAL AND CULTURAL BLOCKS (BIRSHCB) 
 

 System frame and workflow 

The system, which is mainly composed by handheld terminals, servers and PC clients, is formed 

with both C/S and B/S and based on the platform of OpenWeb3S, which was developed by 

Sinoving (Beijing) Technique CO., Ltd. The data format of the system is compatible with 

ARCGIS, SuperMap and other widely used formats. At present, iPAD (4G) is the basic platform 

of the handheld terminals, while Oracle is the database platform of servers. Based on this system, 

the traditional information recording of architectures and be reformed to the following workflow: 
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Figure 3.2.2 Workflow of BIRSHCB 

 

3.2.3 3DLS AND 3D MODEL DATA RECORDING OF HISTORICAL AND 

CULTURAL BLOCKS 
In recent years, 3DLS technology is extensively used in the field of international cultural 

heritage preservation, especially in digital records, virtual visualization display and dynamic 

monitoring. When this technology was introduced to China, it was first used in the preservation 

of cultural relics such as Buddhist statues and grottoes. 3DLS technology could fill the gap of 

traditional techniques of photographing and manual building surveying used in the past, and 

applied the technology in the preservation of Wenming historical and cultural block in 

Kunming.Hardware equipment: The hardware equipment include Z+F scanner, the world 

famous one-man operation 3DLS scanner, the Riegl 3D laser scanner, the 5D Mark II and the 

60D digital single-lens reflex (SLR) cameras. The Z+F scanner and the Riegl 3D laser scanner 

are used to capture the point cloud data of the districts and heritage buildings, while 5D Mark II 

and 60D digital single-lens reflex (SLR) camera are used to collect the image texture information. 

 

3.2.4 The Standard of LOD (Level of Detail) Point Cloud Data Acquisition 

and Processing 
 

The Standard of LOD mainly consists of the scanning data of the building roofs and street 

facades, registering the roof heights, sizes and shapes of the buildings, dimensions and forms of 

neighbouring rooflines. For the street facades; information of the skyline, individual building 

elevations,  

storey heights and eaves details are collected. From these cloud point data a simple model is 

constructed. 
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        Figure 3.2.4 (b)The two dimensional (2D) point cloud of the roof  
 

 

 

 

 

 

 

 

 

 

 

 

    Figure 3.2.4 (c). The three dimensional (3D) point cloud of the roof 

 

The townscape of the cultural historical urban sector is formed mainly by traditional buildings, 

buildings which carry Chinese architectural elements. Such buildings have a lower preservation 

priority than the buildings with cultural and historical merits. These buildings are safe from 

being demolished and their architectural features will be preserved, such as the building mass, 

roofing, eaves, storey heights, material and colour scheme. The characteristic of these 3D models 

and their elevation would provide information to ensure the authenticity of further renovation 

works.The uses of basic information and 3D model data of block can provide accurate and 

comprehensive information basis for preservation zoning and renovation design alternatives, and 

provide assists and supports for the planning and designing 

works. Advantages of high precision of 3D model data could 

be helpful for checking whether the renovation results are 

consistent with the original planning and design scheme after 

the renovation project’s completion. 

 

 

 

 

Figure 3.2.4 (a) The simple wireframes of the models 

based on the point cloud data 

Figure 3.2.4 (d) Point cloud data of buildings along 

the street 
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4.1 Adaptations and Management 
 

In most situations whereby modern civil engineering methods are used with the intention of 

either future or immediate preservation, it is not everything or the entire structure, or the entire 

area/site that is preserved. The method of preservation may be much more aligned on meeting 

the set requirements of conservation implemented by a declared policy. Such pollicised 

contradictions cause divided responses towards adaptations. Profoundly changing an 

environment which humans and other flora and fauna have spent centuries adapting to deserves 

careful consideration. There are few man-made constructions that rival large-scale dams in 

impact upon environment and populace. The Three Gorges Dam on China’s Yangtze River is 

controversial both in China and around the world because the impact of its construction is still 

unresolved. This paper, in summary, will provide an analysis of the effects the Three Gorges 

Dam will have on its surrounding areas and China as a whole.  

Some critics argue that the Three Gorges Dam’s destructive impact on China’s environment, 

culture, historical relics, and human habitats far outweigh its benefits. Yet, there are also 

substantial benefits. Most notably, hydroelectric dams produce clean renewable energy, provide 

flood control, and facilitate river navigation. In a country infamous for its air pollution, 

hydroelectric power is necessary to transform economic and environmental policy in China.  
Aside from the environmental and disadvantages, there will be a drastic cultural upset as well. 

The Three Gorges Dam threatens to overwhelm and irreversibly impact the local culture, history, 

and communities in the area. The introduction of the steamship to the river serves as a case study 

of the threat that outside influences can pose to traditional Yangtze River life and local people’s 

responses to these threats. Likewise, the Three Gorges 

Dam will also reconfigure the basic socio-economic 

framework of the Yangtze River area, profiting some 

individuals while bankrupting others. The Three Gorges 

region is also significant as a symbol of the history of 

China. The Yangtze River has traditionally been viewed as 

the heart of ancient Chinese civilization, and the region’s 

inhabitants have maintained their cultural traditions 

despite suffering through centuries of natural disaster, 

warfare, and economic disruption. Unfortunately, the 

Three Gorges Dam will not only alter the cultural 

traditions irrevocably, it will wash away much of the 

archaeological record of the history of the Yangtze River heartland. From a preservation 

perspective, of the approximately 1,300 known archaeological sites in the area to be flooded, 

between 400 and 500 have been determined worth saving. Ironically, during the preparatory 

stage of building the Three Gorges Dam, “5,000 artifacts were found . . . from members of the 

Neolithic Daxi culture of over 7,000 years ago” that would not have otherwise been discovered. 

This fortuitous find is the exception to the rule of the dam’s adverse impact on archaeological 

sites in the area. 

 

 

 

 

Figure 4.1 A temple that will soon be flooded 
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4.2 Conclusion 
 

Despite some pessimism and anxiety in the international community about preservation and its 

consequences, there is nevertheless much support for the project and appreciation of its 

anticipated benefits. 

The process’s ultimate success or failure depends on the engineers’ ability to coordinate the 

economic, social, and political concerns into a coherent and flexible management strategy on 

both regional and local levels.  

The art of preservation is a great stepping-stone for a country desperately implementing cultural 

conservation policies. Though China has performed well under pressure in coping with the 

myriad of problems in reconstruction, resettlement, and environmental adventures, further 

consideration of these issues is well-warranted. The future will tell whether the methodology and 

technology used by preservationists turns out a tragedy or a triumph in terms of its impact on the 

culture, environment, and the people of China. 
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Abstract 
 

Oman is considered as one the hottest 

countries in Arabian Gulf. The urban 

development and the increase in population 

density in the last decade resulted in a rapid 

increase in power demand consequently 

energy consumption. The implementation of 

energy efficiency measures become a 

necessity for the given circumstances to reach 

the most possible comfortable and healthy 

environment in buildings using the minimum 

energy by utilizing the local climatic 

conditions. This study summarizes the results 

from a simulation study using DesignBuilder, 

an hourly building simulation tool. The 

objective was explore the impact of passive 

and active design strategies for an existing 

residential building in Sinaw city, a hot and 

dry climatic. The study revealed that an annual 

electrical saving of 17% is achieved if current 

poor building systems are replaced with high 

energy-efficient systems. Integrating solar 

photovoltaic panels on the building’s roof can 

generate 40% of the yearly electrical demand, 

with 25% being used instantly and 15% 

dispatched to the electrical utility grid. The 

study concluded that existing residential 

buildings can be transformed from being 

energy consumers to energy producers.   

 

Introduction 
 

The green sustainable building is the topic of 

hour. Due to the massive development in 

urbanism and large growth of population, the 

power demand has rapidly increased causing a 

huge consumption of energy. Studies indicates 

an increase of temperature every years. 

Therefore, the need of architectural, 

mechanical and electrical design strategies 

becomes essential towards 

sustainability.In passive solar building design, 

windows, walls, and floors are made to 

collect, store, and distribute solar energy in the 

form of heat in the winter and reject solar heat 

in the summer. This is called passive solar 

design because, unlike active solar 

heating systems, it does not involve the use of 

mechanical and electrical devices. Both types 

of design strategies are widely used to reduce 

energy consumption and maintain high 

performance buildings.   

The following study is conducted using active 

and passive design strategies to achieve high 

performance building using simulation 

software named Design Builder in hot dry 

climate of Oman.      

 

Statement of the problem 
 

Although the existence of sustainability 

researches in high range, the residential 

buildings in Oman have low potential in 

energy savings. Such a problem may have 

been occurred due to lack of green building 

practices and codes, cheap prices of electricity 

and poor awareness of those codes and 

practices compared with the advanced 

countries.  

 

Aim 
 

The objective of this study is to test beneficial 

effect of the implementation of active and 

passive design strategies to improve thermal 

performance and to reduce energy 

consumption of residential building in hot dry 

climate conditions in Sinaw, Sultanate of 

Oman. 

 

Methodology 

 

This experimentation works as simulation 

study constructed for value of investigation 

and assessed by energy simulation software 

called Design Builder Energy + in terms of 

building thermal performance and energy 

consumption. 

 

http://en.wikipedia.org/wiki/Solar_energy
http://en.wikipedia.org/wiki/Solar_heating
http://en.wikipedia.org/wiki/Solar_heating
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Figure 1  Ground and first floor plans of the selected house 

 

 

Figure 2  Electrical bill of the house (FF) 

 

Data collection 

 

   The first stage was the data collection of the 

selected residential building. The basic needed 

information are shown in the tables and 

figures below. 

Table 1  Basic information of the selected 

house 

Characteristics 
Description for the 

Base Case 

Location Sinaw 

Orientation 
Main entrance face 

north 

Floor Plan Attached 

Number of 

floors 
2 floors  

Floor-Floor 

Height 
3.2 m 

Floor 

Dimension 
17x14 

Window Area 
G.F. = 19.42 sqm  /  

F.F. = 23.38 sqm 

Door Area 
G.F.= 8.8 sqm 

wooden door  

Type of Glass Single Glazing  

Exterior Walls 

200 mm concrete 

block + 50 mm 

Brick 

Roof 
200 mm RCC +  

100 mm Tiles 

Floor 

G.F. (150 mm RCC 

+ Ceramic )    -   

F.F.(150 mm RCC 

+ Carpet)  

Ocupancy 

Density 
16 person 

Lighting  

53 (11watts 

incandescent lamb) 

+ 8 (36 watts 

florescent light)  

Equipment 

1 Microwave + 3 

Heaters + 1 Kitchen 

Exhuast fan + 3 

toilet Ex. Fan + 1 

Refrigerator  + 1 

TV + 3 Freezer    

Infiltration 2.5 ACH 

Cooling 
6x 1.5 ton AC Splet 

Units  + 6 fan 

Cooling setpoint 25 C 
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Figure 3  Modeled house 

 

Figure 1  Living zone (GF) 

 

Figure 5  Wall layers 

Figure 2  Roof layers 

 

Modeling 

 

   The house was modeled using the 

simulation software considering the 

ground floor as one zone for living and the 

first floor as another zone for sleeping. 

The model is shown in the figure below. 

 

 

 

Inputs 

 

   The schedules of HVAC and Lighting 

and the construction details of the house 

were entered into the program. The 

schedule and the details are shown below. 

Wall 

 

      The wall consist of three layers 

- 50 mm brick. 

- 200 mm concrete block. 

- 10 mm plaster. 

 

Roof 

 

      The roof is composed of 

- 30 mm of ceiling tiles. 

- 200 mm cast concrete. 

 

Flooring 

 

      The floor layers are 

- 30 mm carpet. 

- 20 mm ceramic/clay tiles. 

- 100 mm cement/plaster/mortar 

- 200 mm reinforced concrete.  
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Figure 7  Floor layers 

Figure 9  Winter schedule 

Figure 8  Lighting schedule 

 

Figure 3  Main operation schedule 

Figure 10  August schedule 

Figure 4  DHW schedule 

 

 

 

 

 

 

 

 

Windows 

 

      The windows are single glazing pane. 

      Schedules  

 

          Lighting 

 

         HVAC 

 

 

      DHW 

 

Calibration 
 

 The model was calibrated to match the 

readings in of electrical bills of year 2014 

due to its convenient records. 
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Iteration 1 

 

   The first iteration was a simulation of 

the modeled house and the readings of the 

electrical bills. The results are shown in 

the figures below. 

 

 

 

Iteration 2 

 

    A new schedule of OCT was added to 

previous ones. The results are shown 

below. 

 

 

Iteration 4 

 

   August schedule was updated by 

increasing the percentage of operation. 

The results are shown below. 

 

 

Iteration 9 

 

  The OCT schedule was adjusted to match 

the readings of the electrical bills. The 

results are shown below. 
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Figure 12  Modeled PV panels 

 

 

 

 

 

 

 

The last iteration was decided to be the 

new base case for efficiency measures 

stage although it has a higher annual 

difference compared with other iterations 

but the lowest monthly difference. 

Energy efficiency measures 
 

In this stage active and passive designs 

strategies were implemented to reduce the 

energy consumption despite the low 

consumption of approximately 100 

KW/m
2
 

 

Active design 

 

PV panels 

 

       The PV panels were selected to 

produce 250 W with an area of 1.6 m
2
 of 

each. Then, the panels were modeled and 

the simulation was carried out. The results 

are show below.  
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The annual reduction was calculated to be 

25%. 

 

HVAC schedules modification  

 

      The schedule of HVAC system was 

manipulated by reduction of half an hour 

of the cooling load and decreasing it in 

August. The results are shown below.  

 

 

The annual reduction was calculated to be 

1.0% 

 

 

 

 

COP 

 

      The COP of the HVAC system was 

increased from 2.5 to 3. The results are 

shown below. 

 

The annual reduction was calculated to be 

5.9%. 

 

All 

 

      All of the above strategies were 

combined to achieve the highest reduction 

of energy consumption. The results are 

shown below. 

 

The annual reduction was calculated to be 

31.3%. 

0

1000

2000

3000

4000

5000

6000

7000

8000

Ja
n

u
ar

y

Fe
b

ru
ar

y

M
ar

ch

A
p

ri
l

M
ay

Ju
n

e

Ju
ly

A
u

gu
st

Se
p

te
m

b
er

O
ct

o
b

e
r

N
o

ve
m

b
er

D
ec

e
m

b
er

0

1000

2000

3000

4000

5000

6000

7000

8000

Ja
n

u
ar

y

Fe
b

ru
ar

y

M
ar

ch

A
p

ri
l

M
ay

Ju
n

e

Ju
ly

A
u

gu
st

Se
p

te
m

b
er

O
ct

o
b

e
r

N
o

ve
m

b
er

D
ec

e
m

b
er

Base case Schedule mod.

0

1000

2000

3000

4000

5000

6000

7000

8000

Ja
n

u
ar

y

Fe
b

ru
ar

y

M
ar

ch

A
p

ri
l

M
ay

Ju
n

e

Ju
ly

A
u

gu
st

Se
p

te
m

b
er

O
ct

o
b

e
r

N
o

ve
m

b
er

D
ec

e
m

b
er

Base case COP

-1000

0

1000

2000

3000

4000

5000

6000

7000

8000

Ja
n

u
ar

y

Fe
b

ru
ar

y

M
ar

ch

A
p

ri
l

M
ay

Ju
n

e

Ju
ly

A
u

gu
st

Se
p

te
m

b
er

O
ct

o
b

e
r

N
o

ve
m

b
er

D
ec

e
m

b
er



 

8 | P a g e  
 

Passive design 

 

Wall insulation 

 

          Insulation was added inside the wall 

and the results are shown below. 

 

 

The annual reduction was calculated to be 

6.6%. 

 

Roof insulation 

 

      Insulation was added below the roof 

and the results are shown below. 

 

 

The annual reduction was calculated to be 

4.4%. 

Double glazing 

 

          Single glazing windows were 

replaced by double glazing of spectrally 

selectivetype leading to the results below.  

 

 

The annual reduction was calculated to be 

1.2%. 

Passive and active designs 

 

      All the active and passive designs 

strategies were combined leading to the 

results shown below. 
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The annual reduction was calculated to be 

41.2%. 

 

Discussion of results 
 

The reduction in energy was fulfilled by 

the implementation of active and passive 

design strategies. The study indicates 

annual reductions of 25%, 1.0% and 5.9% 

using active design of: PV panels, HVAC 

schedules modification and COP 

respectively.  An annual reduction of 

31.3% was achieved using all the active 

design strategies.  

The study shows annual reductions of 

6.6%, 4.4% and 1.2% implementing 

passive design strategies of: wall 

insulation, roof insulation and double 

glazing window respectively. A total of 

12.1% of annual reduction in energy 

consumption was reached using all the 

passive design strategies together. 

Implementing all the passive and active 

strategies lead in an annual reduction of 

41.2% of energy consumption.  

However, applying the passive design 

strategies is cheaper than those of active 

design.    

15% of electricity produced by the PV 

panels can be used to feed the main grid, 

thus such residential building can be an 

electricity producer. 

 

Conclusion 
 

Applying the active and passive design 

strategies are essential to reach the 

minimum heat gain and to maintain cool 

conditions in the building critically in 

summer. The study indicated that applying 

active design strategies resulted in a 

reduction of 31.3% in energy consumption 

while applying the passive design 

strategies caused a 12.1% reduction in 

energy consumption. Combining both 

active and passive design strategies lead to 

an increase of energy saving by 41.2% 

equating 180 OR. Generally the passive 

design strategies had lower cost than that 

of the active.It was concluded that the 

residential building can be electricity 

producer rather than be consumer by the 

implementation of energy efficiency 

measures including the PV panels. 
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ABSTRACT 
As a nation that is currently focused on 
developing its infrastructural facilities, a boom is 
seen in the construction industry in Oman. 
Negative impacts of unsustainable construction is 
not yet seen as the infrastructure is only in the 
developing phase. Applying sustainability 
constraints at this phase itself can be very 
effective in reducing the harmful consequences 
that are being faced by many of the developed 
nations worldwide. However, at present 
sustainability is not emphasized as much as it 
should be in the country. Past and current 
construction practices reflect inefficiency in terms 
of energy use; owners and builders tend to 
compromise one to achieve the other.  This paper 
is an analysis of current construction practices and 
alternative solutions to enable owners and 
builders to make informed decisions while 
constructing facilities. The focus of this study is 
on building materials used in the envelope which 
has a significant impact on energy use within 
buildings. Conventional materials and alternative 
materials, chosen in terms of reduced resource use 
in the production phase, are experimentally tested 
to obtain thermal properties. These real-time 
values are used as inputs in the simulation 
software IES-VE to determine the annual 
energy/electricity use within the building. 
Subsequent annual expenses that are incurred are 
also calculated using Life Cycle Costing method. 
Results show a significant reduction in annual 
energy use and expenditure in the case of 
alternative materials like Autoclaved Aerated 
Concrete as compared to the conventional 
concrete blocks. This calls for a change in 
construction practices followed today so that 
resources are saved for the benefit of future 
generations.  
KEYWORDS 
Oman conditions; Thermal Efficiency; Building 
Envelope; Simulation; Autoclaved Aerated 
Concrete; Energy Consumption. 
 
1 INTRODUCTION 
An increasing global population coupled with a 
shift to an energy intensive lifestyle have led to 
rising energy demands.  This threatens the 
adequacy of our natural resources in fuelling the 

needs of future generations. As a result, a rise in 
sustainability concerns is seen worldwide in the 
recent years, compelling all sectors to employ 
strategies to reduce energy consumption. As 
widely known within the industry, the building 
sector accounts for much of the energy 
consumption around the world (Pulselli et al., 
2009). The challenge is more imminent in 
developing countries, where a need to provide 
increasing facilities coincides with a global move 
towards reduced energy use.  
 
Oman is a small country located in the Arabian 
Peninsula. The country’s cityscape is largely 
littered with modest, medium-height concrete 
structures, and occasionally glazed office 
buildings. Some of the most significant buildings 
in Oman have been built to reflect the beauty in 
traditional practices. On the verge of major 
infrastructural development, the country has 
recently seen simultaneous large-scale 
investments being made in constructing and 
expanding railways, roads, sea ports and airports. 
This boom in construction has been facilitated by 
a move to divert the pressure on Oman’s 
dwindling oil resources, which is the major 
economic contributor in the country. However, if 
the constructed facilities are not reinforced with 
sustainable practices, this growth can only 
contribute to further depletion of the oil reserves.  
 
Current practices are no less threatening to the 
draining oil resources, the impacts of which has 
been studied and quantified in recent researches. 
Electricity consumption has found to be high in 
constructed facilities, where air conditioning is 
necessary to fight the extreme heat. Residential 
buildings show the highest consumption, 
according to a study authorized by the Public 
Authority of Electricity and Water (PAEW) in 
2011 (Figure 1.1). 70 % of this electricity load is 
contributed by air conditioning (Zurigat et al., 
2003). The scoping study conducted by PAEW 
(2011) had singled out “poor performance of 
building fabric” as the major reason for high 
residential electricity consumption.  
 



 
1.1: Sector-wise electricity demands in Oman (PAEW, 

2011) 

 
Looking at a typical residential building envelope 
in Oman, traditional practices predominate with 
little or no provision for insulation. Walls are 
made of a single layer of ordinary concrete blocks, 
with a plaster and paint finish. Single glazed 
windows and uninsulated roofs complete this 
conventional envelope. How efficient is this 
conventional envelope? Can a change in this 
practice considerably reduce the electricity load? 
This paper investigates the impact of changing 
current practices in Oman by replacing building 
envelope materials with sustainable alternatives.   
 
2 LITERATURE REVIEW 
 
Sadrzadehrafiei et al. (2011) used simulation and 
life cycle cost analysis to prove that enhancing 
and optimizing the insulation of external wall 
materials can save significant electricity. 
Pearlmutter et al. (2007) investigated the 
operational energy consumption of AAC blocks 
when used in place of conventional bricks in the 
Negev Desert of Israel, and found out that the 
material consumed more energy than the 
conventional bricks. H. Radhi (2011), on the other 
hand, found that AAC could save up to 7 % 
electricity when used in buildings in UAE. Al-
Jabri et al. (2005) developed concrete blocks with 
EPS, testing the material to obtain low 
conductivity when compared to the conductivity 
of solid concrete blocks. An extensive review of 
concrete with industrial waste was conducted by 
Kumar et al. (2014) which revealed that waste 
products like GGBS and micro silica can impart 
heat resistant properties to concrete. Zurigat et al. 
(2003) found that double glazed windows can 
cause significant savings in energy use than single 
and triple glazed windows in Oman. The authors 
also proved the efficiency of roofing insulation.  
 
3 METHODOLOGY 
 
In this study, a prominent residential development 
in Oman was considered for evaluation. A 
representative villa was selected as the base case 
to hypothetically test the efficiency of various 
building envelopes. The two-storied villa was 
designed to reflect traditional construction 

practices, and hence served as a suitable case 
study.  
 
Based on practical evaluation of a few locally 
available materials along with the conventional 
concrete blocks, three building envelope cases 
were defined for modeling and simulation. As 
wall materials were the main focus of this project, 
samples of the following materials were tested: 
• Solid Concrete Block, which is the 

conventional material, made of Ordinary 
Portland Cement. 

• Concrete with EPS beads, which was a 
sample of a precast panel (Styro, UAE). The 
core of the material was a 75mm thick 
concrete panel mixed with EPS beads, and 
enclosed by 6mm thick cement boards on 
either sides. 

• Autoclaved Aerated Concrete (AAC) block, 
which contains only 20% of raw materials, 
and the remaining filled with air. AAC, 
known for its light weight, is said to possess 
superior thermal and sound insulation 
properties.  

• Concrete block with GGBS, which is a by-
product of the iron and steel manufacturing 
industry. GGBS replaces 70% of the cement 
and is used primarily for enhancing strength 
and durability characteristics of concrete. 

• Concrete block with micro silica: Also a by-
product of iron and steel industry, micro 
silica replaces 30% of cement and imparts 
similar properties as that of GGBS.  

 
Practical evaluation consisted of testing samples 
of selected materials using a KD2 Pro Thermal 
Analyzer, with which the thermal properties were 
determined. The KD2 Pro includes a digital 
display, and a needle fitted with a heating element 
and a sensor to detect temperature changes 
(Figure 3.1). The KD2 Pro was used to measure 
the thermal conductivity, resistivity, specific heat 
capacity and diffusivity of the materials by 
inserting the needle into holes made in the 
samples. The materials with the least thermal 
conductivity was chosen for defining the  
alternate envelope cases for further analysis, as 
conductivity is often the most common measure 
of material insulation (Abdou et al., 2005). 
 

 
Figure 3.1:  KD2 Pro thermal testing (RK-1, 

2009) 



The next step was to determine the annual 
electricity loads when each of the envelope cases 
were hypothetically employed in a suitable 
residential building in Oman. This was done with 
the help of IES-VE, a LEED and ASHRAE 
accredited simulation software recognized and 
validated in many previous studies. A model of 
the chosen villa was prepared on IES. The 
material properties obtained from the experiment 
were entered as inputs in the software to specify 
the envelope materials and assign to the model 
prior to simulation. Dynamic simulation was 
performed in the simulation platform provided by 
IES, which calculated the yearly electricity load 
on an hour-by-hour basis and presented the results 
in graphical and tabulated form. The electricity 
loads for each materials were then compared to 
determine savings. The resulting analysis was 
used to recommend suitable course of action for 
construction of buildings in Oman.  
 
4 SELECTION OF BUILDING 
ENVELOPE CASES  
 
The experimental results using KD2 Pro Thermal 
Analyzer identified concrete with EPS beads and 
AAC as the least conducting out of all tested 
materials (Table 4.1). The specific heat capacity, 
however, was highest for the concrete blocks, 

both conventional and with partial replacement 
using GGBS and micro silica. Among concrete 
with EPS beads and AAC, the latter possessed the 
higher specific heat capacity. The graph (Figure 
4.1) presents a comparison of the conductivity and 
specific heat capacity between the tested 
materials. Though diffusivity and resistivity have 
also been measured, they are not required as 
inputs in simulation, and hence are not considered 
in this study.  

 
Figure 4.1: Material conductivity and specific 
heat capacity- A graphical representation and 
comparison 

 

Table 4.1: KD2 Pro experimental observations 

Material K  
(W/(m·K)) 

Rho 
(°C·cm/W) 

C   
(MJ/(m³·K)) 

Diffusivity 
(mm²/s) 

Solid block-Concrete 1.411 70.9 1.482 0.952 
Concrete with EPS 0.179 673.6 0.823 0.180 
AAC 0.256 661.5 1.035 0.146 
Concrete  with GGBS 1.232 81.1 3.983 0.309 
Concrete with micro silica 1.319 75.3 3.990 0.298 

As the least conducting materials, concrete with 
EPS and AAC were chosen for walls in the 
alternative envelope. Double glazed windows and 
polyurethane insulation were added as the 
remaining envelope elements, based on 
established energy efficiency in previous 
researches (Zurigat et al., 2003). The three 
building envelope cases are summarized as 
follows: 
 
 Case 1:  Conventional building envelope 

reflecting traditional construction practices. 
 Case 2: Alternative building envelope using 

concrete with EPS, double glazed windows 
and insulated roof. 

 Case 3: Alternative building envelope using 
AAC block, double glazed windows and 
insulated roof.  

 
5 MODELING AND SIMULATION 

The hypothetical testing environment for the 
building envelopes was a two-storied residential 
villa in Oman, designed to reflect traditional 
practices. The first floor of the villa included 
living room, kitchen, dining room, family room, 
and a ‘Majlis’, a traditional room for gatherings of 
family members and guests, where cushions on 
the floor replace chairs and sofas. Four bed rooms 
with attached bath and a balcony were provided 
on the first floor. The ‘ModelIt’ module of the 
IES-VE software was used to create the model of 
the selected building, which is shown in Figure 
5.1. 
 
The chosen building envelopes were defined 
using the IES-VE Building Template Manager, 
where the experimentally obtained properties 
were entered separately for walls, roofs and 
windows. The software calculated the overall U-
value of the envelope element, giving an 
indication of the expected performance. Thermal 



conditions including internal gains and infiltration 
were entered using published values (AECOM, 
2013). The inputs entered, which were the 
parameters for simulation are summarized in the 
Table 5.1.  
 
The literature review had revealed that material 
performances vary with the location and regional 

climatic conditions. The location was specified as 
Seeb International Airport, a strategic location in 
Oman, and the weather files of Abu Dhabi which 
was the closest location, were extracted by IES-
VE from the ASHRAE database. This allowed the 
simulation to be carried out in realistic conditions 
found in Oman, to achieve accurate results.  

 

Figure 5.1: Building Model in IES-VE 

Table 5.1: Summary of Modeling parameters 

 Unit Case 1 Case 2 Case 3 
Building Walls :U-value W/m2K 2.9262 1.4519 0.8274 
Roof: U-value W/m2K 2.0015 0.4001 0.4001 
Windows: U-value W/m2K 5.5909 1.6000 1.6000 
Lighting Gains W/m2 15.000 15.000 15.000 
Human gains W/person 100.000 100.00 100.00 
Machinery gains W/m2 15.000 15.000 15.000 
Dry bulb temperature ˚C 44.9 
Wet bulb temperature ˚C 23.2 

 
6 RESULTS AND ANALYSIS  
 
The following Table 6.1, supported by Figure 6.1 
highlights the comparison between the two cases 
in terms of thermal properties and the energy 
consumption, which shows the probable influence 
of specific heat capacity on overall thermal 
efficiency, as in the case of AAC blocks. The 
properties of double glazed windows and roofs 
are ignored in comparative studies as both are 
used in the alternative envelopes. 
 
 

 

Figure 6.1: Annual Electricity Loads
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Table 6.1: Simulation Results: Electricity load and savings 
 

 Unit Total 
Energy 
Loads 

Energy 
savings 

Saving % 

Case 1 MWh 167.8013   

Case 2 MWh 152.7067 15.0946 8.99 

Case 3 MWh 148.8458 18.9555 11.29 

Generally, thermal efficiency is measured by 
means of how the heat flows through materials. 
However, materials also possess properties to 
store the heat that they receive in addition to 
resisting heat flow. If a material of the building 
envelope stores a certain amount of heat, that 
amount of heat is prevented from entering the 
building space. Hence, a material can be energy 
efficient if the improvement in storing the heat is  
more significant than the improvement in 
resisting the heat. From the experimental analysis, 
a large difference was seen between concrete with 
EPS and AAC blocks in the conductivity of heat. 
However, a smaller difference is observed in the 
case of specific heat capacity, which highlights 
the importance of thermal storage of materials in 
energy efficiency (figure 6.2). 
 

 
Figure 6.2: Graphical Analysis of Thermal 

properties and electricity loads 

 
The results are in line with H. Radhi’s research 
conducted in 2011 to determine the viability of 
AAC blocks in UAE. H. Radhi had determined a 
saving of 7% as well as economic savings when 
AAC blocks were used in building walls in UAE, 
in contrast to the higher operational energy by 

AAC envelopes in Negev Desert in Israel, as 
found out by Pearlmutter et al, where the climatic 
conditions are in contrast to that of Oman (2007).  
 
 
7 CONCLUSION  
 
This paper identified sustainable alternatives to 
the relatively inefficient traditional building 
envelope so that the thermal performance of 
buildings can be improved with the help of 
superior insulation properties of materials, which 
can in turn bring down the cooling loads in 
residential buildings. The aim of the project was 
to study the impact of improved construction 
practices and recommend effective sustainable 
alternatives for Omani buildings.   
 
The thermal properties of concrete with EPS, 
AAC blocks, and concrete samples with industrial 
waste like GGBS and micro silica were measured, 
which identified concrete with EPS and AAC 
block to have the lowest thermal conductivity. 
The two alternative envelope cases were hence 
defined as cases 2 and 3 respectively with the 
addition of double glazed windows and insulated 
roof. Simulation results showed that both the 
alternative envelopes consumed lower electricity 
than the base case conventional envelope. Case 3 
using AAC blocks, double glazed windows and 
insulated roofs consumed the least electricity 
when employed in Oman conditions, saving up to 
11.29% of electricity, whereas, the Case 2 
envelope saved 8.99% of the electricity load.  
 
For a residential development of 500 villas, the 
collective savings can be enormous, which throws 
light on the need to change current practices and 
adopt sustainable measures in construction.  
 
From the results, the Case 3 envelope was 
identified as the most efficient envelope, and 
recommended for use in residential buildings in 
Oman. AAC blocks were found to be more 
efficient than concrete with EPS, ignoring the 
effects of double glazing and roof insulation, as 
they were equally applied in both cases.  
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Recommendations for Future Work: From the 
experimental results, Concrete with EPS was 
found to have lesser thermal conductivity than 
AAC and other materials, and hence, was chosen 
for further analysis. However, the final results 
showed that AAC, having higher specific heat 
capacity than Concrete with EPS, perform better. 
This throws light on the importance of specific 
heat capacity on material performance. The 
concrete block samples, both ordinary and 
containing industrial waste (GGBS and micro 
silica) had high values of specific heat capacity, 
hence can be considered for analysis is further 
work.  
 
Simulation results reflected the cooling load that 
was required to remove the excess heat from the 
building and maintain a favorable atmosphere 
within, and not the actual cooling loads of the 
HVAC systems. This is mainly because the 
HVAC systems are not defined. IES-VE has 
custom modules that can be used to model HVAC 
systems in detail, which would provide a much 
more accurate result. 
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Abstract 

Oman is a country most famous for its 

defensive architecture. However this 

defensive architecture conceals delicate 

ornamentation that was done by few 

well-known local artisans. Very few 

artists and architects were known to 

have worked as designers for buildings. 

Ahmed Bin Malik Al-Ma’awali, an Omani 

master builder, who was a poet, 

calligrapher, artist and a traditional 

judge, worked on many buildings in 

Oman and in the Gulf Region in the 

1950s. His works remain undocumented 

while they could serve as a source of 

inspiration for the practicing architects 

and designers and can also serve as 

guidance for the booming building 

industry in Oman that has more or less 

lost its cultural identity. This paper 

analyses the artwork of the Omani 

master builder Ahmed Bin Malik Al-

Ma’awali. The objectives of this paper is 

to create a reference for those interested 

in analyzing Omani art and master 

builders and providing a starting point 

for similar researches. Based on 

interviews and the remaining works of 

Ahmed bin Malik the analysis will cover 

both his ornamentation and calligraphy 

works. The analysis will help in defining 

the design character that identifies 

Ahmed Bin Malik’s artwork. This 

research would also help the Omani 

designers to reflect upon the traditional 

ornamentation and later adopt it in their 

future art works. Hence the cultural 

identity would find a way to continue 

with the future generations. 

Keywords 

Omani Artwork, Ornaments in 
Architecture, Calligraphy in 
Architecture, Master Builder, Ahmed 
Bin Malik Al-Ma’awali, Omani 
Vernacular Architecture.  

2 

The vernacular architecture of 

residential buildings in Oman was 

dictated by the location, climate, 

material availability, traditional know-

how, and the means of the owner of the 

building (al-Salimi, Gaube, & Korn, 

2008). Despite differences in vernacular 

buildings between towns of Oman, a 

shared architectural language is obvious. 

The vernacular architecture of Oman has 

a dominant spirit of minimalism and 

austerity (Damluji, 1998) (Benkari, 2014). 

Hence, very few old buildings were 

decorated. Some mosques had ornately 

decorated mihrabs, the majority of 

which are inscribed with the artist’s 

name and date of construction (Costa & 

Baldissera, 2001). Vernacular houses in 

Oman contained decorative elements in 

doors, window screens and painted 

wooden beams in ceilings. Such 

treatments were reserved for the rich 

and wealthy as can be observed in the 

settlement of Al Minzafah, where rich 

merchants imported decorated doors 

and windows from East Africa (Damluji, 

1998). Two local artists were mentioned 

in the Omani Encyclopedia, Abdullah bin 

Qasim Al-Hamimi and Talib bin Mishmal 

Al-Manhi, who were known to have 

Introduction 



decorated various mihrabs in Oman. This 

is one of the instances in which the 

works of local artisans is documented. 

The works of Ahmed bin Malik Al-

Ma’awali were not mentioned in any 

books relating to art and ornamentation 

in Oman, with the exception of an 

unpublished report by a student in 

Sultan Qaboos University. 

This paper was the product of the 

cooperative documentation project 

between Sultan Qaboos University and 

the Ministry of Culture and Heritage. The 

documentation team included students 

and faculty members of SQU along with 

personnel from the ministry. The team 

documented one of the houses that Al-

Ma’awali worked on, which included 

photographic documentation, accurate 

measurements and interviews. An 

unpublished report provided by his son, 

Nasser Al-Ma’awali, gave a brief 

overview of Ahmed bin Malik’s life and 

works. Parts of the report are translated 

and included in the discussion.  

The analysis started by subdividing the 

ornamented elements based on their 

location into two main categories, the 

first ornaments above openings the 

second painted artworks on ceilings. The 

former is divided into ornaments above 

windows and ornaments above doors. 

Each of the mentioned categories were 

presented with examples and further 

explained to derive the characteristics of 

Ahmed bin Malik’s works. 

Methodology 

3 

Who Is Ahmed Bin Malik? 

Ahmed Bin Malik Al-Ma’awali was born 

in 1916 in Wadi Al Ma’awil, Oman and 

died in Qasra at the age of 76. He is 

considered one of the few known artists 

who contributed in Oman’s art and 

architecture. 

At an early age he moved to Al-Rustaq to 

gain knowledge at the local mosque, 

Jami Al-Bayyadhah, one of the most 

famous knowledge institutes in Oman at 

that time (as-Salimi, 1998) . Later on he 

decided to live in Al-Rustaq for the rest 

of his life. He visited several countries 

that had an influence on his thoughts 

and ideas about art and architecture. He 

stayed in Africa for around 80 days, 

visited Yemen and Qatar and lived in the 

latter for 7 years. Beside his 

contributions in art 

Figure 1: Flowchart of methodology. 



and architecture, Ahmed Bin Malik 

taught students at Jami Al-Bayyadha and 

worked in several administrative 

positions. His wisdom and religious 

knowledge allowed him the position of 

the local imam and khatib (one who 

delivers sermons preceding the Friday 

prayers) in Qasra. Beside his 

contributions in the mosque he was 

tactful which made him beloved 

between people who had the chance to 

deal with him. 

Al Mawaali excelled most in 

Architecture, Engineering, and art, he 

worked on several projects that gave 

significance to his work such as 

designing old palaces for members of Al 

Thani royal family in Qatar, he also 

worked on several large housing units in 

Al Rustaq and the neighboring areas 

such as Al Awabi. He worked on 

architectural solutions for the houses 

besides decorating the wooden ceilings, 

windows and doors with beautiful 

Quranic scripts and poetry writings of his 

own. He had a special calligraphy and 

ornamentation style that can be easily 

defined as his own. The work was done 

solely by him, from management to 

poetry composition of scripts that will be 

used in artworks. Along with designing 

palaces and houses, Al Mawaali 

contributed in building several mosques 

in Al Rustaq. He also built the western 

gate of the city’s historical suq and 

contributed in the establishment of a 

falaj bridge (aqueduct) in a village near 

Al Rustaq. 

Al Mawaali used several techniques in 

his work, such as carving on white 

cement, and painting using many colors, 

he also was a pioneer in using cement in 

buildings in Oman which allowed him to 

experiment with the material. His house 

in Al Rustaq was considered the second 

building to use cement after Qasra 

Mosque.   

4 

Analysis of Ornaments 

Ornamentations in Omani architecture 

were used to adorn architectural 

elements and to show social positions of 

some families. It raised the value and 

significance of the simple architecture 

generated locally which was influenced 

by the harsh climate, culture and 

availability of materials. Most ornaments 

were found carved on several surfaces or 

painted using a wide range of colors as 

Ahmed bin Malik did. These ornaments 

occurred in architectural elements such 

as ceilings, doors, windows, top of 

buildings (crenellations) and around 

entryways. Although ornamentations 

were rarely found in Omani vernacular 

architecture, pioneers in this field 

expressed aesthetics in a way that fits 

their culture and environment to 

beautify buildings. 



Location Ceiling 

Dominant
Theme 

Floral pattern 

Material Paint on wooden beams 

Calligraphy The style is close the Naskh 
script 

Color Blue, golden, red, green and 
white overlaid on deep brown. 

In Figure 4 a framed calligraphic 

inscription of a poem written by Skiekh 

Rashid bin Saif Al Lamki about good 

manners is, it is depicted at the center 

of the wooden beams, bordered by 

different floral patterns. 

Figure 4: Sample of a painted ceiling in a corridor  

Case Study 

Location Ceiling 

Dominant 
Theme 

Floral pattern 

Material Paint on wooden beams 

Calligraphy N.A. 

Colors 
Blue, golden, red, green and 
white overlaid on deep brown. 

One of the houses that Al Ma’awali 

worked on is located in Al-Awabi- AL 

Batinah Region.The house is well 

conserved and contains various 

samples of ornamentation. The house 

was chosen as the main case study for 

the analysis. The house is owned by 

Shaikhan bin Abdullah Aldhihli, who 

kindly allowed the research team to 

document his house.  
• Ceilings 
Nearly all of the spaces of the house 
had decorated ceilings with the 
exception of the storage rooms in 
the ground floor. 

In Figure 3 the painted ceiling has a 

general floral theme that is structured 

and bordered by a geometrical theme. 

The color scheme contrasts with the color 

of the wood, in addition to a thin white 

band that defines the drawing more. 

Figure 3: Sample of a painted ceiling in a corridor  

5 

Figure 2: Location of the House 



• Windows 

Generally, top of  the windows, 
which are located in the ground 
floor and the terrace, are decorated 
with calligraphy, floral and 
geometrical drawings. While in the 
first floor, they are decorated with 
floral and geometrical drawings only. 

Location Top of the Window 

Theme Calligraphy 
Geometrical and floral 
drawings 

Material Cement Plaster 

Calligraphy The style is close to the 
Naskh script 

Color Not Colored 

Location Top of the Window 

Theme Geometrical and floral 
drawings 

Material Cement Plaster 

Calligraphy N.A 

Color Not Colored 

For the windows in the ground floor 
and the terrace, It can be noticed 
that the upper part of the arch is 
decorated with floral drawings, 
while the lower part is decorated 
with calligraphy and the whole arch 
is framed with geometrical drawings 
(figure 5). 

While, the arches on the top of the 
windows in the first floor are 
reversed. The geometrical drawings 
are in the central part of the arch 
and the whole arch is framed with 
floral drawings (figure 6). However, 
some of them doesn’t follow the 
rule as it’s shown in figure 7, the 
floral drawings are centralized 
within the geometrical border. 

Figure 5: Sample of a decorated arch on 
top of window in the terrace 

Figure 6: Sample of a decorated arch on 
top of window in the first floor 

Figure 7: Sample of a decorated arch on 
top of window in the first floor 



• Doors 
Generally, the top of  the door is 
highlighted by a pointed arch 
decorated with floral drawings and 
framed with geometric drawings. 
However, in terms of calligraphy, in 
the external door and the door of the 
sabla (Figure 8,9), the calligraphy is 
more related to the public. While in 
the internal doors that lead to private 
rooms (Figure 10) the calligraphy is 
related to the family and their 
members. 

Location Top of the External Door 

Theme Calligraphy 
Geometrical and Floral 
drawings 

Material Cement Plaster 

Calligraphy The style is close the Naskh 
script 

Color Not Colored 

Location Top of the Internal Doors 

Theme Geometrical and floral 
drawings 

Material Cement Plaster 

Calligraphy The style is close to the 
Naskh script 

Color Colored Frame 

Figure 8: Sample of decorations above the 
external door 

Figure 10: Sample of decorations above a door 
of one of the rooms 

Figure 11: Sample of decorations above a door 
of one of the rooms 

Figure 9: Sample of decorations above the sabla door 
starts with Bism Allah Al-Rahman Al-Raheem 
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General Characteristics of Ahmed 
bin Malik Al-Ma’awali’s Art 

As discussed earlier the works of 

Ahmed bin Malik included 

ornamentation and painting on 

ceilings, above windows and doors. In 

general, his works has a unified style, 

from which the following observed 

characteristics were drawn.  

From the analyzed case study it can be 

concluded that the general style used 

on the top of the windows are semi-

circular arches with central floral 

drawings framed with geometrical 

drawings and calligraphy is added to 

the lower part of the arch in the 

ground floor windows. Whereas on the 

top of the doors, external and internal, 

pointed arches are used with the floral 

drawings in the central part of the arch 

and geometrical drawings to add frame 

or structure to the drawing and 

calligraphy in the lower part of the 

arch. 

The calligraphic inscriptions Al-

Ma’awali wrote had a distinct 

similarity with Al-Thuluth and Naskh 

scripts (Figure 12 & 13). He didn’t 

follow the rules of either script, 

adding his own personal touch to 

the inscription in what is most likely 

his own handwriting. Throughout 

the house in Al-Awabi, Al-Ma’awali 

chose the inscriptions based on their 

location as discussed earlier, and 

tried to link the meaning with the 

location. For example the inscription 

above the 

main entrance door (Figure 8) is of 

an indicative nature, indicating the 

owner of the house in a celebratory 

poem that includes the date the 

decorations were added. Another 

inscription commemorates the end 

of Al-Ma’awali’s decorative works 

(Figure 12), some seven months 

after the starting date in the year 

1968. In another instance the 

meaning of the inscription is 

secondary, the writing can be 

excerpted from its setting and 

interpreted separately as can be 

seen in Figure 13. General Qura’anic 

verses and Arabic proverbs are 

inscribed above the windows near 

the street. Such inscriptions serve an 

iconic function; its architectural 

context is secondary.  

Figures 12 & 13: Sample of decorations above windows 
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Conclusion 

This paper presented a brief analysis of 

the artwork of Ahmed bin Malik Al-

Ma’awali, an Omani master builder. This 

paper aimed to create a reference for 

practicing architects in Oman and guides 

the building boom. It also aimed to 

highlight the works of Ahmed bin Malik 

Al-Ma’awali, one of the few known 

artisans. Based on data collected from 

site visits and interviews a case study 

was chosen and analyzed; a house in Al-

Awabi, Al-Batinah, Oman. The analysis 

focused on categorizing the artworks 

existing in the house to derive a general 

understanding of the themes and styles 

Ahmed bin Malik worked with. It is 

recommended that further research is 

carried out to understand the influences 

on Ahmed bin Malik’s works and the 

similarities of other artworks in Oman 

e.g studying the origins of the patterns 

used by Ahmed Al-Ma’awali.  
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Cultural heritage is a vital term that identifies a society from another. With an unlimited list of tangible and 

intangible components of it, cultural heritage plays a major role in everyone’s daily life. What is crucial to 

understand today is that cultural heritage, and especially the tangible parts of it, cannot be recovered once lost. 

Recently, it was realized that preserving heritage buildings does not only not contradict with development and 

modernization but may even yield significant benefits to societies from the economic, environmental, and social 

perspectives.  In this context, Civil Engineers carry a serious responsibility in preserving built heritage and 

integrating it with the modern life needs. Thus, this paper explores the value of built heritage and its determination, 

what can be done by modern civil engineers to preserve built heritage, and the potential benefits of preserving 

built heritage in modern life. 

Keywords: Cultural Heritage, History, Civil Engineering, Rehabilitation.    

1. Introduction

ur past is what identifies us today from other 

societies. Regardless of how “modern” we get, it 

is the story of our ancestors that gives us the 

essential self-confidence and pride to face the future. History 

is not only recorded in books and writings. Look around 

diligently, and you will soon realize that everything the 

ancients have designed and built can be a priceless resource 

of historical background for us, given that enough efforts are 

put together to interpret it and save it. Here, we are talking 

about “tangible cultural heritage” or “built heritage”, which 

may include, and is not limited to, heritage buildings, 

structures, antiques, and even artificial water channels.  

What is crucial to understand today is that cultural 

heritage, and especially the tangible parts of it, cannot be 

recovered once lost. It is also crucial to know that not only 

wars and vandalism are the reasons to diminish built 

heritage; natural factors in addition to normal human 

activities are enough to degrade heritage buildings with time.  

Recently, it was realized that preserving heritage 

buildings does not only not contradict with development and 

modernization but may even yield significant benefits to 

societies from the economic, environmental, and social 

perspectives. Civil Engineers, in this context, carry a very 

big responsibility in preserving cultural heritage. A modern 

civil engineer should not only learn the technical knowledge 

needed for the rehabilitation of heritage buildings, but also 

he should understand the value of heritage buildings, their 

potential benefits, and how they could be involved with the 

modern life. Thus, this paper explores the value of built 

heritage and its determination, what can be done by modern 

civil engineers to preserve built heritage, and the potential 

benefits of preserving built heritage in modern life.
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2. Value of Built Heritage & Its Determination 

The attention to the significance of built cultural 

heritage has been existing since hundreds of years ago. The 

concept of renovation of heritage buildings with cultural 

value was well established in the 1800s, when the different 

thoughts and philosophies started to be executed in reality. 

After that, people started to cherish the value of all types of 

cultural heritage, not only the built one. Between 1950 and 

2000, a number of worldwide agreements and suggestions 

about preserving cultural heritage were established by 

different international organizations led by UNESCO 

(Potočnik & Figel’, 2009). Today, the value of built cultural 

heritage is defined and determined from different 

perspectives.  

2.1 Value from the Historical Perspective  

         History inherited 

from ancestors has 

substantial impacts on 

the psychology of 

human beings, and thus 

their actions. The 

presence of heritage (in 

all its types) today 

incites the fact that 

different cultures have 

existed in the past, and 

this gives new 

generations the confidence to live life and face the upcoming 

events. When we understand the fact that heritage (and 

especially the built one) is probably the best reference for 

any generation to learn about their ancestors and how they 

have survived the different conditions in their region, we 

realize the importance of conserving and preserving built 

heritage from deterioration and feel responsible to build 

structures and objects that represents our current cultures to 

the future generations as well. For example, Figure 1 

illustrates Dubai Old Wall, dating back to 1800 A.D., which 

tells the historical stories of urban defense from attacks.  

According to (Mitra, et al., 2013), there are three aspects that 

should be considered in order to determine the historical 

value of any built heritage: 

A. The historic importance of the built heritage to 

architecture, engineering, science, or culture. 

B. The historic legitimacy of the building, which means 

that a heritage building must not only have the same 

exterior look it had in the past, but must also retain the 

design aspects and materials adopted in the time of its 

construction. This could be verified by studying the age 

of the physical elements and condition of the building. 

C. The historic background about the building, which 

includes studying the reason why this building was built 

and to which theme of historic buildings it belongs. 

This helps us evaluate the building as a “product of 

time”.  

The notion that the value of built heritage is not an easy 

thing to be determined by random people has caused the 

determination of this value and deciding which heritage 

buildings to consider for preservation and renovation to be 

restricted to “experts” in the field. In typical cases the 

determination of the value and importance of built heritage 

is left to governments or organizations assigned by 

governments. This, however, defeats the understanding that 

heritage was left for the whole society, or even the whole 

world.  

Today, the trend is to involve the general public in 

deciding which heritage buildings should be considered 

valuable and should be taken care of.  Smith (2010) states 

that few efforts from TV programs, such as Restoration 

series, have been done to incorporate the voice of the general 

public in the listing process of heritage buildings in Britain, 

and that the efforts are still continuing.  

2.2 Value from the Economic Point of View   

        Regular construction and renovation projects are 

usually initiated after conducting a precise financial 

feasibility study. It is normally not challenging to estimate 

Figure 1: Dubai Old Wall (Bukhash, n.d.) 
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the costs of the proposed construction projects and the future 

financial benefits out of them. The case of heritage buildings 

is quite different. This is because it is not usually straight 

forward to determine the future benefits of the proposed 

preservation project of a heritage building and the costs 

required are relatively high. This maybe be the reason why 

permissions for renovation projects on heritage buildings 

takes much longer time and are less likely to be given than 

typical construction projects, especially in developing 

countries where priority is given to projects solving real-life 

problems (dwelling, commercializing, etc.). 

Since considering money only makes the benefits of 

restoring heritage buildings hard to compete against those of 

constructing new buildings, economists have developed 

several methods to assess the real value of preserving 

heritage buildings by incorporating and quantifying the 

further economic and social aspects of the proposed projects. 

The following three methods were mentioned by (Smith, 

2010): 

A. Economic Impact Studies, which aim to evaluate, on 

different scales, the value from using/ operating the 

heritage building or site after restoring it. 

B. Cost- Benefit Analysis, in which the direct and indirect 

costs, as well as benefits, associated with a project are 

listed and compared against each other before taking 

the decision of executing it.  

C. Substitution Pricing Mechanisms, which aim to 

quantify a non-measurable value of something by 

creating a virtual market based on the given information 

and relying on other similar situations where a real 

market exists.  

2.3 Evolving Philosophies towards the Value of Built 

Heritage  

        The discussion above on the value of built heritage and 

its determination has focused on the value of each 

building/project by its own. However, the modern 

perspective of the value of built heritage requires the 

harmony and integration of built heritage in the city’s 

landscape and the incorporation of heritage buildings in the 

daily life. That is, the value of heritage buildings should be 

translated in practice as an important member of the total 

image of the city. 

         Smith (2010) states that perceiving buildings as an 

essential part of the total landscape has been a requirement 

in the Chinese art since long time ago. For the Chinese, the 

value of heritage buildings is educed from how much they 

please the human soul, rather than how old they are, how 

useful they used to be in the past, or how much embodied 

energy they possess.  

        This is no different than today’s requirements of 

harmony between buildings and nature, and in fact, this has 

been established in Europe to a good extent. Potočnik and 

Figel’ (2009) mention that in Europe, preserved heritage 

buildings are made sure to fit into the society’s needs and 

into the total landscape of the cities containing them (see 

figure 2 below) .  

 
Figure 2: Integrating Built Heritage within European Cities (Potočnik & 

Figel’, 2009) 

3. What Civil Engineers Can Do Today to Preserve 

Built Cultural Heritage  

3.1 Understand and Explore the Different Factors 

Degrading Built Heritage  

        Just like everything subject to the time factor, buildings 

do age. Other than supernatural destructive events and 

human-caused effects, there are many factors in the normal 

weather that deteriorate the buildings and cause different 

forms of damage in them, and it is the responsibility of 
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today’s civil engineers to understand these factors and look 

for ways to inhibit them. For heritage buildings, the case is 

much more critical than new buildings, since the cumulative 

damage in heritage buildings is much bigger than the new 

ones, and thus, the risk of total destruction due to new 

damages is much higher. 

        According to Mitra, et al., (2013) heritage buildings are 

always facing real dangers from a lot of environmental 

factors. The five following natural factors are the most 

common ones and are available in almost every region of the 

worlds, and thus are discussed in detail: 

A. Air Pollution 

One of the strongest factors deteriorating heritage 

buildings is acid rain, which perhaps is the most common 

form of air pollution. Acid rain is formed when sulphuric 

dioxide (a major product from burning fossil fuels) combines 

with water molecules in the air. A chemical reaction happens 

when this polluted rain comes in contact with heritage 

buildings that have limestone or marble, leaving irreversible 

corrosive impacts on the material.   

B. Biological Factors  

Mostly timber, bricks, and stucco are subject to damage 

by several living creatures such as mosses, fungus, algae, 

and insects. When the wood’s moisture exceeds 20%, it 

becomes more likely to be attacked by these creatures. Such 

attacks cause timber to lose its strength as cracks develop 

and spread. 

 

C. Moisture 

In addition to providing an excellent atmosphere for 

insects to grow in wood and other materials, moisture alone 

can cause serious damages to buildings. Whenever the 

temperature of the material goes below the temperature of 

the surrounding air, water (in the form of moisture) 

condenses on its surface and stores in its openings, forming 

micro cracks and weakening the material’s interlock. See 

Figure 3 below for illustration. 

 
Figure 4: Effect of Moisture on Heritage Buildings (Mitra, et al., 2013) 

D. Solar Radiation & Heat 

Exposure to direct solar radiation, despite not being so 

axiomatic, is a very strong factor in deteriorating 

construction materials. Sunshine, which has high potential 

energy, can affect the materials at the atomic scale by 

stimulating the electrons and making them move, and thus, 

breaking the interlock between atoms. Over time, this action 

causes the material’s surface to be fragile and its color to 

diminish.  Civil engineers must understand this factor and 

consider its effects, 

especially in regions 

where sunshine is 

direct and continuous 

throughout the year 

such as tropical areas 

and the Gulf countries. 

Sunshine also increases 

the temperature of the 

materials, and if this 

happens at different amounts from one part to another, 

stresses increase, and thus, the material cracks and the 

elements of the building deform un-uniformly.  

Natural factors degrading heritage buildings are, 

definitely, not limited to the four mentioned above. Other 

natural factors include: earthquakes, storms, and floods. 

Figure 5 below shows the remains from a church in 

Figure 3: Effect of Solar Radiation on Building Materials (Mitra, et 
al., 2013) 
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Trzesacz, Poland after natural deterioration caused by 

moving sea water.   

Human activities (which are not covered in this paper) 

could also be a very strong factor in deteriorating and 

damaging heritage buildings. Such activities include, but are 

not limited to, vandalism, intended demolishing for 

urbanization, and fires. 

3.2 Develop & Implement Conservation Strategies  

        In order to do something properly, it has to be well 

defined prior to doing it. Bernard Fielden (1986), as quoted 

by (Buykli, et al., 2015), defined the conservation of 

heritage as: 

“Conservation is a dynamic management of changes in order 

to reduce the rate of decay. The cultural, scientific, technical 

and natural heritage and resources should be considered as 

original documents and valuable parts. Interferences should 

be limited by the actions that are strictly required for further 

safety of heritage, and the applied methods and materials 

should not interfere with investigations and conservation 

carried out in the future. Conservation requires integration 

of all possible actions at the social and economic, juridical 

and cultural levels” (p.6). 

        Apparently, what Fielden has said and called for in 

1986 is turning today into a profession, when people started 

to feel that the fast growth in populations worldwide and the 

notable urbanization associated with this growth are 

threatening their cultural identities.  

        The trend in conserving cultural heritage today is to 

achieve a stable approach that also ensures that the 

conserved heritage is of value to the modern society. 

According to (Buykli, et al., 2015), this notion was discussed 

in the seminar “Integrated Approach to the Management of 

the World Heritage Properties” held in 2014 under the 

supervision of the UNESCO-Moscow Office, and was 

named Sustainable Integrated Conservation (SIC). As the 

name implies, SIC calls for integrating the actions taken 

towards preserving or conserving cultural heritage. In other 

words, putting a lot of efforts to conserve built heritage is 

not enough, unless a good management plan is prepared to 

ensure that these efforts neither overlap nor lack something.  

Another important aspect SIC calls for is to involve heritage 

in the modern development of the country and make sure it 

contributes to people’s lives. Simply, civil engineers should 

not conserve cultural heritage just for the sake of conserving 

it; they, in coordination with decision makers, should have 

future plans of involving and taking advantage of the 

conserved heritage in the modern life.  

        In the same context, the Municipality of Phnom Penh 

has recently set its Master Plan 2020, in which the 

preservation of built heritage is deeply addressed. In this 

plan, the city aims to improve tourism through the 

preservation of built heritage, create rules on financing 

conservation projects, and most importantly, set guidance to 

incorporate and fit the conservation of built heritage with the 

modern development of the city.   

Figure 5: Remains from a Church in Trzesacz, at the Baltic Sea, Poland 
after Deterioration by Sea Water (Potočnik & Figel’, 2009) 
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        Another important strategy to consider when trying to 

preserve cultural heritage, which also falls under the SIC 

theory, is reusing heritage building for modern purposes 

whenever applicable.  

        A lot of the heritage buildings worldwide possess large 

areas and smart architectural planning. These, in addition to 

many other unique features of heritage buildings, can be 

used to fulfill today’s needs without spending tremendous 

amounts of money demolishing existing buildings, planning, 

designing, and constructing new ones. See Figures 6 and 7 

which demonstrate two rehabilitated buildings in Dubai, 

UAE for modern uses 

 

 

4. Benefits of Preserving Cultural Heritage in 
Modern Construction 

        After learning what would make a certain heritage 

building “valuable” today and what civil engineers could do 

to preserve it, the question that remains is: what are the 

benefits of preserving heritage buildings? The answer to this 

question could be subjective in some aspects, but- given that 

proper conservation strategies are implemented- there are 

few points that all parties would agree on. Below are some 

of these points classified in three main categories: 

4.1 Economic Benefits 

The economic advantage is surely felt in projects 

aiming to reuse heritage buildings for modern purposes. In 

fact, it was proven that such projects are excellent 

investment opportunities. According to (Rypkema, 2003), 

rehabilitation projects cost, on average, 4% less than new 

construction on vacant sites. At the same time, the rate of 

return from leasing or selling properties that are rehabilitated 

heritage buildings would usually be higher than that from 

brand-new ones, due to their unique architecture and durable 

construction materials.  

Another important economic advantage of preserving 

heritage buildings is creating job opportunities. According 

to (Lahr & Listokin, 1997) rehabilitation projects are more 

dependent on labor than conventional construction, and thus, 

rehabilitation projects create more jobs (for the same amount 

of investment) and encourages for professionalism in the 

demanded field. Figure 8 below illustrates the economic 

impact in creating jobs of rehabilitation projects in 

comparison with new construction projects.  

 
Figure 8: Comparison between Rehabilitation Projects and New Projects in 

Creating Jobs (Lahr & Listokin, 1997) 
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Figure 6: Etisalat Building in Bur Dubai, UAE (Bukhash, n.d.) 

Figure 7: New Post Office in Bur Dubai, UAE (Bukhash, n.d.) 
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4.2 Environmental Benefits  

        In opposition to the common thought that old buildings 

consume more energy (in operation) than new ones, it was 

found that ancient constructors did know about the design 

aspects required for a sustainable, energy-efficient building. 

This can be seen in their choices of high ceilings, window 

covers, operable windows, canopies, shaded entrances, and 

dense exterior partitions. All these features contribute to the 

light, thermal, and ventilation efficiency of buildings, and 

based on that, heritage buildings consume around the same 

(or slightly less) than new buildings. This is illustrated in 

Figure 9 below.  

 
Figure 9: Energy Consumption of Buildings against their Construction 

Dates (Natural Resources Canada, 2007) 

        The operating energy, however, is not all the energy 

required for a building. A major portion of the energy 

consumed by a building comes from extracting, processing, 

shipping, and fixing the different construction materials in 

the building, which is termed as “embodied energy”. Figure 

11 below shows that 50% of the embodied energy of a 

building is saved if its structure and the envelope are reused. 

 
Figure 11: Average Embodied Energy in a Building (Cole & Kernan, 1996) 

4.3 Social Benefits 

        Buildings around us do not only act as shelters. Since 

they are made by human beings, buildings record and 

represent the different cultures and societies that built them, 

and thus, buildings are direct pathways to the past. Based on 

that understanding, the existence of heritage buildings in a 

city enhances the feeling of a mutual history among its 

society, which as a result, strengthens their sense of identity 

and pride and unifies their targets as a community (Policy 

Research Initiative, 2005) 

        Another social benefit of preserving heritage buildings 

is motivating societies for continuous learning and social 

events. Heritage buildings and areas can be considered as 

“libraries” of history and culture, and they defiantly lead 

modern people to learn their past and appreciate the different 

discoveries and skills their ancestors had developed long 

time ago. This, in the long run, ensures social stability and 

coexistence among the community families and members 

(Policy Research Initiative, 2005). 

        Heritage buildings, in addition to the benefits 

mentioned above, can solve a serious social problem in 

almost all countries worldwide: homelessness. While a lot of 

people cannot afford houses to live in, a lot of the heritage 

buildings can be 

rehabilitated to 

provide excellent 

accommodations 

for prices more 

affordable than the 

average. This has 

been successfully 

done in many cities. For instance, many of the heritage hotel 

buildings in British Colombia have recently been turned into 

comfortable housings for people with low incomes 

(Government of British Columbia, 2009). Similar is the case 

in Vancouver, Canada, where a whole area of heritage 

buildings were turned into 170 houses with affordable prices 

under the Mole- Hill project (Mole-Hill Community 

Housing Society, n.d.). 
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5. Conclusions 

All in all, this paper examined the value of built 

heritage and its determination, what can be done by modern 

civil engineers to preserve built heritage, and the potential 

benefits of preserving built heritage in modern life. The 

findings of this paper reinforced the fact that our past is a 

major source of self-confidence and pride for us today and 

that it is the cultural heritage that identifies a society from 

another and maintains the diversity amongst different 

communities. Based on that, it is a contentious responsibility 

on modern civil engineers to preserve the built heritage and 

integrate it with the modern life.  

What determines which heritage buildings to preserve 

and why is the value we assign to them, and this value is 

determined from different perspectives, mainly historic and 

economic. Today, the value of built heritage comes from 

their integration with the modern life and how they would 

fulfill people’s needs.  

Modern civil engineering should be concerned with 

understanding and exploring the different factors 

deteriorating built heritage and creating and implementing 

proper conservation and preservation strategies in order to 

ensure the safety and the integration of built heritage with 

the modern life. 

Towards the end of the paper, the main benefits of 

preserving built cultural heritage were highlighted and 

discussed based on previous studies and researches. It was 

found that preserving heritage buildings, if done properly, 

can yield significant benefits to societies from the economic, 

environmental, and social perspectives.   
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Sustainable Urban Infrastructure Development in the  

Arabian Gulf: Learning from the Past and Recommendations for the Future 

 

“Countrymen, the task ahead is great indeed, and heavy is the responsibility; and yet it is a noble and   

glorious    challenge‐ a  challenge which  calls  for  the  courage  to dream,  the  courage  to believe,  the 

courage to dare, the courage to do, the courage to envision, the courage to fight, the courage to work, 

the courage to achieve‐ to achieve the highest excellence and fullest greatness of man. Dare we ask 

for more in this life” 

                              Dr. Kwame Nkrumah‐ Address to the National Assembly in 12 June 1965 

________________________________________________________________________ 

 

Background 

Civil  engineers  plan,  design,  construct, maintain,  and manage  physical  infrastructure  networks  that 

sustain civilized life. Development in transportation systems, buildings, and utility networks have helped 

to  improve  the  health  and  quality  of  life  of  millions  for  people  around  the  world.  Advances  in 

infrastructure  have  contributed  to  a  reduction  in  the  mortality  rate  and  have  encourage  massive 

population growth over  the  later half of  the  twentieth  century. Moreover, advances  in  infrastructure 

facilitated economic growth and wealth generation. However, this unprecedented growth has not been 

without consequence.  

 

Introduction 

The  earth  is  beset  with  environmental  problems  that  result  from  everyday  activities,  and  current 

resource  consumption patterns  cannot  continue much  longer  in  a world where human population  is 

growing in numbers and wealth. Therefore, a fundamental change in our behavior is needed if we are to 

even begin to reduce these problems. We cannot rely on our ability to repair environmental damage or 

to  control  pollution  and  waste;  as  pollution  and  other  potentially  damaging  activities  should  be 

controlled at source.   

Urban  infrastructural  systems  represent  an  opportunity  to  change  the  relationship  between  an 

increasingly urbanized population and resources from outside the city on which they depend. Each city 

requires unique solutions tailored to its context and circumstances. Civil Engineers, as custodians of the 

infrastructure and built environment, are well placed to promote sustainable development. 
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This paper aims  to  formulate a broader  framework of  interconnected  themes and  recommendations, 

which  are  required  to  transform  urban  infrastructure  development  into  a  resource‐efficient 

development  that  supports  green  urban  economic  growth.  Hence  a  resilient  and  resource‐efficient 

urban infrastructure is developed. The themes includes: 

1. Infrastructure Optimization:  

A discussion of a new concepts and approaches to the provision of infrastructural services. 

 

2. Clustering for Competitiveness: 

A discussion of how city regions can be more optimally planned to achieve economic objectives. 

 

3. Policy and Politics:  

A  discussion  of  politics  surrounding  strategic  decision  involving  sustainable  infrastructure 

development and the need to acknowledge it and appropriately managed it. 

     

1. Infrastructure Optimization: 

 

The cities of 21st century are the largest sites of 

human  settlement  today  and  are  increasingly 

acting  as  critical  connection  points  of  social, 

economic, ecological and technological change. 

To a vast degree, humanity have evolved a form 

of urbanization that  is not compatible with our 

environment where  our  settlements  and  their 

setting are in a state of profound contradiction. 

The  more  people  move  to  cities,  the  less 

satisfactory  they  become,  and  they  place 

increasing stress on the operating system of our 

whole planet. 

 

The  Middle  East,  including  the  Arabian  Gulf 

region  has  no  exception  from  this.  The 

increasing  wealth  and  revenues  from  oil 

production, that started in the 1930s of the last 

century,  has  changed  the  Gulf’s  coastal  cities 

into substantial settlements that are housing an 

increasing population of  residents and migrant 

workers.  Today  over  80%  of  Gulf  Cooperation 

Council  (GCC) countries population  live  in  large 

modern cities(1).   

 

 

 

 

This  unprecedented  growth  would  have  not 

been possible without a modern  infrastructure 

system that allowed modern communities and  

 

global societies to  function.   However, as cities 

evolve,  they  struggle  with  desertification, 

pollution,  economic  instability,  resources 

depletion  and  increase  in  population.  To  cope 

with  this,  leaderships  in  the GCC  countries are 

willing  to  invest  in developing a  stat‐of‐the‐art 

infrastructure  systems  (e.g.  GCC  rail,  new 

airports  and  urban  developments)  that  will 

support  the  population  and  desired  economic 

growth.  This  keenness  to  invest  and  develop 

infrastructure  to  uplift  societies  present  a 

perfect opportunity  for a paradigm  shift, given 

the  infrastructures’  unique  ability  to  effect 

meaningful change.   

 

As stewards of infrastructure development, Civil 

Engineers  are  at  the  heart  of  a  genuine 

opportunity to  positively contribute to develop 

sustainable societies by focusing on sustainable 

cities’  infrastructure  systems.  Thus, we  as  civil 

engineers must capitalize on this opportunity to 
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break  the  negative  relationship  between 

infrastructure  development  and  sustainability. 

We need to come up with systems that help  in 

reconciliation  between  environment  interest 

and human needs. 

 

In  the past centuries our  fellow Civil Engineers 

have  done  a  remarkable  job  in  responding  to 

societies  need  with  dwellings,  water  supply 

network,  bridges  and  tunnels  that  maximized 

service  and  efficiency.  However,  in  the  21st 

century,  social, economic and ecological  issues 

surrounding  infrastructure  development  are 

increasingly  becoming  too  complex.  As  Civil 

Engineers  we  must  use  systems  thinking  to 

design,  construct and operate  infrastructure  in 

the light of new climate threats and to deal with 

systematic risks. An  integrated multidisciplinary 

approach  to  planning  and  managing 

infrastructure development is the key.  

 

For  any  infrastructure  developer  and  investor, 

smart and strategic infrastructural choices is the 

key to deliver their financial and environmental 

values.  Since    infrastructure  services  can  be 

delivered  in  a  number  of  different ways, with 

different  implications  on  resources  used  and 

environmental impact, it is important that a full 

range of options  are  considered  and  space  for 

innovation  is  allowed  whenever  a  new 

development  is  considered.  Infrastructure 

typically  has  long  lifespan  and,  as  a  result,  it 

commits  the  investors  and  societies  to  certain 

patterns  of  production  and  consumption  for 

many years. 

 

 

Below  are  some  key  ideas  that  can  help  in 

develop  new  visions  for  cities  infrastructure 

system  that  supports  sustainable 

developments.  

 

 

 Reducing environmental impact: 

 

  This  can  be  considered  as  the  first  step 

toward  sustainable  resource  use  due  to 

the  financial  benefits  resulted  from 

increased  efficiency  or  systems 

productivity.  An  example  of  this  is 

changing  streetlight  bulbs  to  LED  type  to 

save  energy  consumption.    Another 

example  is  repairing  the  leaks  in  water 

distribution lines to reduce losses. 

 

 

 Incentives for resources conservation: 

 

  Changing  the  behavior  of  end‐users  in 

support of a more resource efficient usage 

can  be  encourage  by  economic measures 

that  give  them  incentives  to  consume 

more  wisely.  To  enlighten  the  end‐user 

Service  providers  (e.g.  electricity  and 

water) should publish and  reflect  the  true 

environmental  costs  incurred  in  providing 

such  service. Regulators must ensure  that 

city’s  infrastructure  systems are operating 

within the environmental limits.  

 

 

 Increasing service value: 

 

  This can be achieved by grasping a holistic 

understanding of  the end‐user needs.  For 

example  providing  an  efficient  public 

transport  (e.g.  Dubai  metro)  helped  in 

reducing  traffic  on  the  roads while  saved 

commuters time and money.   

 

 

 Installation of smart meters:   

 

  Smart  electricity  metering  can  allow  for 

differential tariffs at different times of the 

day  to  shift  some  energy  use  to  off‐peak 
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periods,  thus  reducing  the  need  for 

additional  supply  capacity  during  peak. 

Combined  with  household  generation  of 

renewable  energy,  it  can  reduce  energy 

bills dramatically. A useful  example  to 

incentivize  appropriate  behavior  can  also 

be  applied  to  the  consumption  of water, 

district  cooling  and  other  infrastructural 

services.   

 

  The  principle  of  metering  and 

measurement  can  be  applied  to  solid 

waste  collection  services  (e.g.  Pneumatic 

Waste  Collection  systems)  where  billing 

systems  charge  for  waste  collection 

according  to  the  weight  of  waste 

discharged  in  the  system.  This  could  also 

be  used  to  encourage  end‐users  to 

separate  their  household  waste  into 

recyclable and non‐recyclable. 

 

 

 Applying differential tariffs: 

 

  If  applied  properly  this  will  help  in 

influencing  the  consumption  behavior  at 

different  times  of  day  and  year  to  suit 

climate conditions.  

 

 

 Regulations: 

 

  Regulators  in  the  GCC  countries  are 

tackling  the  issue  of  sustainability  at 

different  levels.  For  example,  we  have 

seen  specifications  to  harvest  rainwater 

within  developments  so  it  could  be 

recycled and reused for irrigation.  

 

 

 

 

 

 Passive Design: 

 

  The  individual  building  is  part  of  the 

infrastructure,  and  smart buildings  are  an 

important development in the building of a 

resilient infrastructure. Smart buildings are 

responsive to occupants, regulating energy 

use  on  the  basis  of  their  behavior.  But 

buildings  also  interface with  city  they  are 

part  of,  and  have  a  significant  impact  on 

the microclimate  of  the  city.  They  are  an 

important part of  the  response  to climate 

change impacts such as rising temperature 

levels. 

 

  In  the  past  houses  in  the  Arabian  Gulf 

towns  were  arranged  so  as  to  best  take 

advantage of prevailing breezes, and  they 

never  faced  north(1). Narrow  streets  and 

lanes ensured shade, and the houses were 

comfortable  to  live  in  because  thick 

external walls  helped  to  keep  the  cool  in 

and heat out (1).   

 

  The  current GCC  cities  are  very  different, 

where  the  urban  landscape  is  defined  by 

tall glass buildings and the narrow shaded 

pedestrian streets were replaced by multi‐

lane  urban  carriageways.  While  efforts 

from  local  governments  to  mitigate 

climate  change  effects  are  evident  (e.g. 

Masdar  City,  enforcement  of  Pearl 

sustainability  systems  and  GSAS  star 

rating)  there  is  still  a  big  room  for 

improvement.  An  example  of  this  is  the 

crucial need  to adapt  to  changing  climate 

conditions  that are anticipated during  this 

century. Cities  in  the  region  should phase 

out  and  enforce  the  retrofitting  of  such 

non‐environmentally  friendly buildings   as 

part  of  the  mitigation  effort  to  reduce 

impact  on  the  environment.  There  is  an 

opportunity  in  carrying out  such works  to 
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make buildings smarter  in relation to both 

people occupying  them and  the city  itself. 

Quick  simple  response  can  have  a 

significant  impact.  For  example,  changing 

the  fully  glazed  building  facades  and 

having  insulated non‐reflective panels will 

help  in  reducing  energy  consumption 

within  the  facility  and  its  surrounding 

neighboring buildings by reducing the heat 

island  effect,  thus  less  loads  on  the 

infrastructure.  

 

  Authorities must be more agile and should 

take a systematic approach to the process 

of  planning  and  implementing  any  new 

regulation.   

 

 

 Cascading Resource Use:  

 

  This  refers  to matching different  resource 

grades  to  specific end‐user,  thus  reducing 

the  need  for  resources  to  be  in  their 

highest  quality  form  (e.g.  electricity  and 

potable water)(2).  

 

  Cascading  resources  from  one  use  to 

another as  the quality deteriorates allows 

for  more  utility  to  be  derived  from  the 

same amount of resources and save on the 

costs of delivering highest‐grade resources 

for all applications  (e.g.  supply of Treated 

Sewer  Effluent  (TSE)  for  irrigation 

purposes).  

 

 

 Decentralization of services: 

 

  This  is  about  the  delivery  of  tailored 

services  to  match  local  needs.  The 

advancement  in  technology  and material 

manufacturing helped  in  creating package 

units that are environmentally friendly. For 

example  waste  water  treatment 

companies can now set up small treatment 

plants  within  pockets  of  neighborhoods, 

which will allow them to serve their clients 

in  a  timely  and  efficient  manner  while 

saving  substantial  costs  in  distribution 

networks.  

 

  This  model  can  be  utilized  in  all  other 

infrastructure services  (power, water, gas, 

PWC,  TSE)  where  service  providers  can 

save  the  cost of building  and maintaining 

an  extensive  service  delivery  networks  of 

cables, pipes, roads, vehicles…etc.  

 

 

 

2. Clustering for Competitiveness: 

 

This  has  to  do  with  Cities  planning  and  its 

underpinning  infrastructure development  since 

they are the engine for productivity and growth 

throughout the history.  

 

Competitiveness is defined as the set of factors‐ 

polices,  institutions,  strategies  and  processes‐ 

that  determines  the  level  of  city’s  sustainable 

productivity  (3).  Historically,  cites  along  the 

Arabian  Gulf  coast  were  developed  and 

flourished as  their ports  served as a vital hubs 

for  the  trade  between  the  far  east  (e.g.  India 

and  China)  and  the west  (Africa  and  Europe). 

Each  of  these  cities  (e.g.  Muscat,  Dubai, 

Manama,  Bagdad  just  to  name  a  few)  had  its 

own  competitive  advantage  (e.g.  spices  trade, 

hub  between  Africa  and  far  east,  pearl  & 

jewelry trade, education center) and was known  

for  unique  value  that  it  added  to  the  region. 

Interconnection  trade  routes  between  these 

cities  served  to  connect  these  self‐contained 

cities with others town in the region.  
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In  the  twentieth  century  revenues  from  oil 

production  has  helped  in  expanding  the  trade 

volume  and  helped  in  developing  other 

industries  (e.g.  financial,  manufacture, 

construction  and  media).  This  in  return  had 

attracted workforce from all over the world that 

led to an exponential population growth  in the 

region.  This  growth  in  population  needed  the 

basic  infrastructure  services  and  urban 

developments which is now seen in most of the 

region cities.  

 

To  diversify  the  economy  and  develop  new 

sources  of  income,  Leaderships  in  the  region 

are  in  continuous  look  to  find  a  niche  and 

develop  the  competitive  advantage  of  their 

cities. This had put particular emphasis on  

 

Infrastructure  and  the  environment where we 

have witnessed  promotion  of  new  free  zones, 

deregulation  of  land  use  controls,  creation  of 

enterprise  zones  and  urban  development 

corporations,  sectorial  clusters,  festive 

commercial malls, office and business districts, 

iconic  architectural  and  tourism  development, 

high‐tech and media zones.     

 

While it is important to have such competitions 

between regional cities to foster innovation and 

bring the best out of every society,  it  is vital to 

not  to  overlook  the  impact  of  such 

developments  on  the  environment  and 

ecological system. Cities along the Arabian Gulf 

coast must  collectively  find  a  new  customized 

approaches  to  develop  their  competitive 

advantage,  new  to  help  reaching  the  balance 

between  the  desired  urban  growth  and 

environmental protection.  

 

With  the  globalization  and  development  of 

high‐tech  transportation  systems,  GCC 

countries  are  well  positioned  to  harvest 

outcomes of green economy  if  they developed 

and  shared  infrastructure  (e.g.  GCC  Rail  and 

Economic Free Zones) and avoided duplication.  

Thus,  increase  productivity  and  reduce  the 

impact on the environment.   

 

The  bottom  line  here  is  that  Inter‐municipal 

collaboration  across  the  region  is  required. 

Municipalities  and  Cities  in  the  GCC  must 

capitalize  on  their  competitive  advantage, 

coordinate  their  development  ambitions  and 

ensure  that synergies between  their cities, and 

neighboring  cities  within  the  region,  are 

planned  for.  Synergy  must  form  part  of  an 

overarching  development  plan  within  the 

region.  

 

 

3. Policy and Politics: 

 

The  GCC  countries  are  at  the  heart  of  the 

climate  change  challenge  as  they  face 

conflicting priorities of reducing the reliance on 

oil  revenues  (i.e.  economic  diversification), 

developing  the  stat‐of‐the‐art  infrastructure 

and  implementing  environmental  protection 

systems just to mention a few.    

 

Although  there are  local and  regional  initiative 

to  use  more  energy  efficient  systems,  the 

enforcements  of  the  current  environmental 

policies appears to be  ineffective, or at  least to 

a large extent. Several reasons attributed to this 

but the main one is due to the fact  most of the 

infrastructure  in the region,  if not all,  is owned 

and  operated  by  the  public  sector. What  the 

region  actually  needs  is  a  centralized 

governance  concepts  to  enable  cities  and 

infrastructure  to be developed and maintained 

in  an  integrated  systems  in  light  of  the 

surrounding  complex  natural  systems. 

Policymakers who  focus only on  the direct and 

immediate  benefits  of  the  infrastructure 
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investments  on  the  economy  run  the  risks  of 

making environmental trade‐offs.  

 

To ensure  long‐term environmental  viability of 

the  planned  infrastructure  system,  a  new 

understanding  of  maintaining  and  re‐forming 

infrastructure  systems  needs  to  be  supported 

by  new  innovative  technologies  and  polices, 

new  public  attitudes  and,  above  all  a  new 

approaches  to governance. At a  local  level, we 

need creativity and national policy  frameworks 

to  enable  viable  innovations  to  materialize 

locally. Without  such  national  policy  initiatives 

the  desired  changes  will  not  happen  fast 

enough.      

 

At a regional  level, governments need to shape 

policies  and  regulations  that  will  promote 

sustainable  investment  in  infrastructure  and 

encourage collaboration across sectors. As Civil 

Engineers  it  is  our  responsibility  to  educate, 

persuade  and  influence  the  leaders, 

policymakers  and  key  stakeholder  and 

participate  in  shaping  the  environmental 

policies  to  reach  the  desired  balance  between 

economic  growth  and  environmental 

protection. 

 

The  Inter‐municipal  collaboration  suggested  in 

section  2  of  this  paper  presents  a  perfect 

starting point to develop a throughout national 

strategic infrastructure plan for the region. This 

plan  will  enable  the  development  of 

coordinated  policy  and  regulations  that  is 

essential  for  sustainable  infrastructure 

investment and development.  

 

 

 

 

Conclusion:  

 

Infrastructure  development must  respect  and  serve  the  complex  systems  (environmental,  social  and 

economic)  in  which  it  operates.    Genuine  efforts  to  tackle  the  cross‐sectorial  issues  related  to 

infrastructure and urban systems must take place at both micro and macro levels.  

 

Civil  Engineers  are  best  positioned  to  take  a  leading  role  in  bringing  parties  together  and  draw 

commitments from all stakeholders who design, finance, construct, maintain, operate the infrastructure.  

We  also  need  to  develop  our  political  skills  and work much  closer woth  policymakers  to  form  and 

implement a coherent policy frameworks,  locally, nationally and  internationally, which can ensure that 

we build a livable planet for next generations.     
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Sustainable resource use and urban infrastructure - 
learning from the past or changing our behaviors for the 

future? 
 

ABSTRACT 
 

         The need for more holistic infrastructure systems for achieving sustainable 

development of a country requires no emphasis. Rapid urbanization helps in the economic 

growth of a country and elevates the standards of living. However, this often involves an 

uncontrolled consumption of the resources viz., water, land, energy, etc., leading to 

irreversible degradation of the environment. Hence a major challenge is to achieve overall 

growth of a country with least impact on the ecosystem and optimal utilization of resources.  

An attempt has been made here to view infrastructure as "a system to facilitate the delivery 

of services" to achieve social and economic development in an integrated, eco-friendly and 

cost-effective manner. Several Eco-efficiency indicators that measure the resource utilization 

efficiency are also presented. 

 

INTRODUCTION 
 
         History is replete with numerous examples that tell us how indiscriminate use of natural 

resources led to complete devastation of the ancient agrarian societies. Out of the 

numerous, two examples are the collapse of Indus valley civilization (IVC) and fall of the 

Roman Empire. IVC thrived on the easy availability of water, throughout the year, in the rain 

fed Ghaggar-Hakra river bed. Experts opine that the IVC residents did not develop the 

irrigation facilities, but heavily relied on monsoons.  Due to climate change, the monsoons 

kept shifting eastward and the water supply from the Ghaggar-Hakra river for the agricultural 

activities depleted. The residents started migrating towards east water basins where they 

settled. A stark example of dependence on a primary resource and lack of alternate urban 

plan to conserve water resource.   

         Similarly, the Roman Empire saw its decline due to the thirst of its imperialists for 

expanding the empire and ignoring the fundamentals of economics. Romans depleted their 

natural resources like no other civilization in history to reach the zenith. Their agriculture and 

commerce thrived mainly on slave labor. Their dependency on slave labor led to the 

stagnation of any new technology to produce goods more efficiently. They could rely on the 

slave manpower for all their needs but this reliance inhibited technological change and 

growth. When expansion ground to a halt for various political reasons, the slave labor fell 

short. Commercial and agricultural production declined and the treasury dried up. As there 

was no other alternative plan to survive, Rome fell from being a great empire and perished 

with time. Another stark example of dependence on primary resource and lack of advance 

planning.  

         There are more examples in our modern world, where unprecedented dependence on 

one or two primary resource and having no alternate resource, has resulted in depletion of 

the resource itself and decline and extinction of the organization itself.  Consider the filing of 

bankruptcy by Detroit. The city saw exponential development of automobile sector post 

world-war II and became the car capital of the world and at the same time depended on this 
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single resource for all its wealth. Blinded by the phenomenal growth, city planners never 

thought of the impending doom. This very growth led to the influx of huge population to the 

city which further accelerated its development. But a slump in automobile sector, which was 

the backbone of the city, resulted in deterioration of its wealth leading to exodus of people 

towards economically booming cities. Consequential result due to dependency on a single 

resource for development. 

         To cite another parallel is the city of Mumbai in India. The port city of Mumbai attracted 

talent from across India in the 20th century and became the financial capital of the country. It 

accounts for 6.16% of India’s GDP, 25% of the Industrial output, 33% of Income tax 

collected and 70% of the maritime trade in India. But now it is at the brink of being 

unsustainable. The unprecedented population growth has resulted in scarcity of water and 

limited land availability. Unrestricted pressure on the communication infrastructure, growing 

pollution, racial tensions, etc. has resulted in shifting of business opportunities to nearby 

cities. Mumbai is one of the most polluted cities in the world and the air quality is alarmingly 

bad. The situation may not be different in many of the cities of developed and developing 

countries.  

         A thoughtful introspection of the conditions of many of our cities makes us think that we 

are at a risk of iterating the history of Rome or IVC. Many of the modern cities have reached 

a stage where they no longer can sustain further development and are on the verge of being 

unsustainable.   

 

LESSONS FROM THE PAST 
 
        The present generation is considered the most sophisticated in terms of scientific 

advancement and technology as in comparison with the past generations. We can predict 

the weather, create animal clones, decipher the genome coding, improve transport and 

communication infrastructure, send space shuttles to as far as Pluto, to name a few! 

Nevertheless, we cannot take “yes” in answer to the question “did mankind learn from its 

past?” 

         American anthropologist Tainter describes in his book titled “The collapse of complex 

societies” that the complex societies have an inherent tendency to deplete their resources 

beyond levels that are sustainable. IVC and Detroit perished due to overuse of limited 

resources, thereby becoming unsustainable in the long run.  Case of Mumbai is similar as it 

has burst at its seams. IVC and Rome of earlier times and Detroit and Mumbai of modern 

times mirror the repetition of history. But we are yet to learn anything from either the ancient 

civilizations or the modern cities.  This is in spite of having knowledge and resources at our 

finger tips. A question arises: "Can we term this as our intellectual bankruptcy?" 

 

UNSUSTAINABILITY CAN BE REVERSED 

 

       There is an unprecedented demand on the basic necessities of life on this planet due 

to indiscriminate population growth. The pressure will continue in the days and years to 

come. If the demand exceeds supply the planet may not be able to sustain itself.  It is to be 

feared whether Malthusian theory of population will be a reality!  Now is the time to change 
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our attitude and planning to change unsustainable to sustainable. The concept of ECO-

EFFICIENCY as proposed by the European Environment Agency (EEA) may be of immense 

help. It is a strategy enabling sufficient de-linking of the use of nature from economic activity 

needed for human welfare. It allows equitable access to the use of environment by current 

and future generations. To put it simply, it aims to de-link the development from environment 

to the extent that  

 it is achievable  

 it uplifts the standard of living of all and  

 it does not deprive future generations of natural resources. 

         Table-1 lists various eco-efficiency headline indicators as proposed by EEA.These 

indicators deal mostly with five basic resources and infrastructure on which sustainability of a 

city/community depends. These resources are water, sanitation, energy, transport and 

information.  

         In order to manage the resources intelligently, the philosophy of SMART way would be 

most helpful. SMART is a term used for short/long term business goals which stands for 

Specific, Measurable, Achievable, Realistic and Timely, the definition voicing the parameters 

of eco-efficiency.  In dealing with the resources and the term SMART, for most part, parallels 

have been drawn in the context of a developing country like India.  

         WATER and SANITATION appear to be the forerunners of all the resources. Water is 

one such resource which should be conserved and recycled for long term sustenance of 

human race. It has been opined elsewhere that future wars, if any, would be fought for water 

and not for kingdoms or territories. With rapid urbanization, many urban centers in 

developing/developed countries suffer from scarcity of water. The climate change and ever 

changing monsoon pattern add to water woes. To quote an example, for improving water 

supply for agriculture and also for other purposes, bore wells were sunk both in urban and 

rural India.  However, indiscriminate spacing of these wells and depletion of ground water 

have only created useless pits. Also due to claiming of tanks and natural lake beds for 

residential and commercial purposes availability of water for day to day use has shrunk to a 

large extent. 

         A solution towards sustainability and preserving of this precious resource lies in 

redefining the laws to restrict water supply, as far as feasible, to residential and commercial 

purposes, compulsory rain water harvesting in the new buildings, providing rebate on 

applicable water rates for intelligently using the available water and recycling used water 

after cleaning.  To some extent, rain water harvesting has been implemented in some of the 

cities across India, though not enough.  Here it is necessary to quote the Singaporean water 

revolution. Singapore a small city state has no catchment area outside as the state is sea 

bound. A country with 700 sq.km of area relied on three reservoirs and imported water from 

Malaysia. Today it harvests rainwater through an 8000 km drain network which is emptied 

into 17 reservoirs. It reclaims used water via deep tunnel sewage system below the ground.  

Singapore does not sell water to its citizens, but rents it. Ideally, like a laundry service, it 

takes back the used water, cleans and resupplies it. To achieve this revolution, it relocated 

pig and duck farms, transferred its street hawkers and moved boats pier to east. 

         In India, many of the rivers flow through urban centers and they are heavily polluted 

due to industrial waste being directly discharged into river water. A classic example is river 

Yamuna in Delhi or the river Ganges flowing through many of the industrial towns of northern 
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India like Kanpur and Benares. This is the direct outcome of unsustained and illogical 

planning/rebuilding of these cities. While there are laws to prevent polluting this water 

resource, they are not stringent enough to do so.  The problem can be solved by defining a 

Specific goal and Measuring the progress using the eco-efficiency indicator for quantity or 

quality of the water as described in Table-1. A monitoring index may be: 

Industrial Water Discharge Quality Index =
Improvement in N & P Discharge Level

Old Dischrage Level
 

 

         The improvements should be monitored for industrial units periodically to determine 

whether the targets for reduction in discharge level are Achievable. Based on the result a 

Realistic target can be set.  In addition, tax incentives to the units based on annual 

performance will go a long way to reduce the burden of expenditure on cleaning of these 

rivers.  Figure 1 shows a simple block diagram summarizing the SMART way used for 

Industrial water discharge level control. 

          ENERGY and TRANSPORT are two other resources which are in great demand 

which should be conserved and used intelligently for sustainable development.  Most of the 

energy requirements of commerce, industry and residence are met from fossil fuels which 

contribute significantly to the greenhouse gases emission. A report on greenhouse gas 

emission in India prepared by the Ministry of Environment and Forests also emphasizes this 

fact. Figure 2 indicates a sector-wise distribution of greenhouse gas emissions in India. 

          A massive behavioral change is needed in developed/developing countries in order to 

reduce this greenhouse gas emission which is the single largest contributor to global 

warming and climate change.  The eco-efficiency indicators on climate change and air 

quality described in Table 1 can be very effectively used for measuring the impact of 

malpractices in the industries to implement sustainable development measures. The 

measurement of CO2 and other greenhouse gases from electricity generation plants and 

monitoring of air quality index at different places can be effectively done. While little can be 

done for any drastic improvement in the electricity sector till an alternative is found, with a 

slight change in attitude a lot can be achieved in residential and transport sectors. 

         Residential energy consumption is another big source of greenhouse gases. This 

emission can be controlled by encouraging people to use more and more green energy. 

Fossil fuels are used mainly for cooking, heating and other household purposes in a 

developing country like India. If the citizens are encouraged to use more and more 

renewable energy such as solar, the wastage and greenhouse gas production can be 

reduced significantly. During last few years a beginning has been made in India. Solar water 

heaters, solar lamps in the household and in some places solar panels for street lighting are 

being used. This, besides promoting the use of clean energy, has helped the development of 

small scale industries.  As far as possible this green energy option should be utilized in all 

the countries.  

         Pollution by transport vehicles needs no emphasis. Many developed/developing 

countries have laid down norms (e.g., Euro & Bharat) for pollution control.  Even then the 

pollution in this sector is enormous. The comparative share of pollution by private transport 

is very less, as now-a-days car manufacturers have included this norm in the manufacturing 

process itself. But commercial/public transport is responsible for most of the air pollution in 

cities. The core problem, therefore, has two components viz. (a) to reduce the emission 
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levels from existing transport vehicles and (b) to device an intelligent transport system which 

reduces the dependency on private vehicles, which in turn will also reduce vehicle-clogged 

traffic congestions.  Elsewhere, attempts are being made to develop vehicles running on 

clean energy, like hydrogen and solar power. This requires full encouragement by the 

administrators in all countries. 

        The SMART philosophy can be made use of to tackle both these problems. Specific 

targets can be set for identifying and phased elimination of polluting vehicles from the 

public/commercial transport system.  It is not out of place to mention here that some 

standards and specific indicators are already available in some of the developed countries 

which can be utilized with modifications, if any, to meet the local needs. People should be 

encouraged to use public transport instead of private vehicles. The progress can be 

monitored using these indicators and a timely implementation can be ensured. Why not use 

bicycles for short distances as in Canada and Europe! 

         INFORMATION technology has revolutionized the lives of human beings on this planet 

through print and electronic media. Advent of computers, browsers, wiki, smart phones and 

other electronic gadgets has impacted the lives of human beings to a very great extent.  But 

in developing and under developed countries, the impact is mostly in urban areas and very 

little in rural areas. John S Niles opines that "information infrastructure is a neutral 

technology that can be applied for or against sustainable development." Nowadays this 

infrastructure has 'informed' us of how much deficient we are in knowing ourselves.  Niles 

indicates the possible benefits of this resource for sustainable development.  According to 

him information infrastructure: 

  

a) supports increased human knowledge and understanding on all topics 

b) is a people to people communication medium, promotes human interaction and 

teamwork 

c) promotes a wider geographic scope of concern; 

d) brings in improvements in how production and social support processes of 

all types operate. 

 

        However, it cannot be said that this particular resource is a 'holy cow.' It is also subject 

to misuse by unscrupulous elements. Considering its usefulness, the benefits overweigh the 

limitations.  In simple terms, gathering of required information through models and predicting 

the possible solutions for a particular event is in itself a contribution to sustained 

development.  A simple example from India is that a farmer can call a dedicated government 

phone number 24x7, to get information on what fertilizer to use for a particular crop on his 

soil or any other information concerning his soil.  A few years back such a facility was not 

available to him. 

CONCLUSIONS 
 

        Some of the ideas and solutions presented here appear to be purely theoretical and 

utopian.  But a sensible introspection will reveal that sustainable development is no longer a 

choice to us but it has now become a necessity. Developed, developing and under 

developed countries should come together to contribute to sustainability. The philosophy of 
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"if my neighbor is happy, I will also live happily" should be the motto.  Our ancestors in Rome 

and Harappa had a much easier choice. They simply moved to a place where they can 

sustain themselves. Today as land mass cannot be increased, the area available to mankind 

is limited vis-a-vis current state of our population. Considering the suggestions/ideas 

presented in here, following conclusions can be drawn:  

      Sustainable infrastructure should be created and nurtured in all countries. This can be 

done by relocating the facilities, recycling the resources wherever possible, proper waste 

management and implementing stringent laws to curb pollution. 

     The powers that be in all the countries of the world should join together as a team, 

keeping aside their internecine bickering, for creating an environment where the present as 

also the future generations will have a safe and happy life. 

      Change in attitude towards eco-efficiency is the need of the hour for healthy economic 

development where there will be no exploitation of the environment.  Green energy is a 

major option. 

         Our approach towards accomplishing a sustainable society so far has largely been on 

paper. The progress remains elusive unless the society which we live in is made aware of 

dire consequences of unsustainability. Live with nature in harmony or put the survival of 

mankind at stake. 

 

Table 1: List of Eco-efficiency Indicators Present by European Environment Agency 

Issue Actual Indicators 
"Ideal" Environment Headline 

Indicators 

Climate 
Change 

Aggregated index of 3 Greenhouse Gas 
emissions (CO2, CH4, N2O) 

Aggregated index of 6 Greenhouse Gas 
emissions (CO2, CH4, N2O, HFCs, PFCs, 
SF6) 

Air Quality 

A) Number of days of pollution 
exceeding standards for different sites 
or 
B) Aggregated index of 3 or 4 pollutants 
(SO2, NOx, NH3, NMVOCs) 

A) Number of days of pollution 
exceeding standards 
or 
B) Aggregated index of 4 pollutants (SO2, 
NOx, NH3, NMVOCs) 

Water 
Quality: 
- inland 
water 
- marine 
water 

A) Proportion of inland water that 
comply the EU and national water 
quality 
standards of Nitrates Directive 
or 
B) N and P concentration in large rivers 
Eutrophication: index of nitrogen and 
phosphorus discharges in coastal and 
marine zones- indicator to be defined 

A) Proportion of inland water that 
comply the EU and national water quality 
standards 
or 
B) European ‘river quality index” (to be 
defined) 
indicator to be defined 

Water 
Quantity 

Total fresh water abstraction 
Intensity of fresh water use (ratio, relating 
total water abstraction to water availability 
in terms of renewable water) 

Nature & 
Bio-

 
- Bio-diversity index based on genetic and 
habitat variety 
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diversity - Agri-environment programme 

Land-Use Growth of built up area 

Changes in different uses of land, 
including the change from natural to 
built up area and erosion and 
desertification aspects 

Chemicals 
Index of production and imports of 
hazardous chemicals/chemicals of 
concerns 

Toxicity weighted index on consumption 
of toxic chemicals 

Waste Volume of landfilled waste 

- Volume of landfilled and incinerated 
waste (with and without energy 
recovering) 
- Recycling of selected waste streams 

Resource 
Use 

Gross inland energy consumption Total Material Requirement (TMR) 

Urban 
Areas 

Passenger transport by means of 
transport 

To be identified, possible indicators 
related first to transport, (air quality and 
land-use as related themes) 

Fragile 
Eco-
Systems 

 
To be identified, possible indicators 
related to marine water quality and land-
use 

 

 

 

 

 

Figure 1: SMART Philosophy used in Reduction in Industrial Discharge Level in River 
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The role of innovation in building on the past to create a sustainable future – 

Ethics, the paradigm for the future. 

  

1.0 INTRODUCTION 

 

As a child, having the following traits: likes to share, is nice, and guileless, are 

considered as having the qualities of good-mannered children which are loved by parents. As a 

youngster, at school and college, you are educated to be kind, honest and show respect to others 

as these are sign of good behaviour. As a professional, you are advised to have professional 

ethics, abiding and adopting same to your routine daily works and dealings advocates that you 

are a good professional and receive respect from peers. However, if you do the contrary of what 

has been listed above from childhood to adulthood you might be stamped from the not so-good 

child, brat-youngster to poor or in extreme to corrupted professionals!! 

 

Showing, by ignorance or intentional adoption, of good behaviours, in respect to any given 

situation, for any particular decision, by an individual for the betterment of all stakeholders 

involved in a project, is attesting the espousal of Morality/Ethics. 

 

Nowadays, there is quite a reasonable amount of research that has been carried out about ethical 

principles by Professionals and other non-professional jobs, also. The benefits of adopting same 

is now clearer and evident although there are individual who does not understand that their 

decision-making should be ethical to avoid pitfalls in the future and most importantly to work for 

the well-being of the society which in return comes back in other form of gain such as higher 

performance and clear consciousness.   

 

2.0 LITERATURE REVIEW 

 

2.1 Ethics and the professionals – Importance and relevancy 

 

Why is ethics an integral part of professional life, and in particular the life of an engineering 

professional? The importance of ethics in the professions can be understood through thinking 

about what a professional is. The word ‘professional’ is hard to define, even for traditional 

professions such as medicine, law, accountancy and engineering. However broadly speaking 

there is agreement on common characteristics shared by all professions viz. a professional: 

 

 has specialised skills and knowledge; 
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 has acquired such knowledge and skills through a long period of training and study, and 

study, and continues to maintain and update same through professional life; 

 has, as a result of this specialised expertise, significant power to affect individual clients 

and wider society; 

 belongs to a professional body which regulates their practice; 

 as part of that self-regulation adheres to ethical principles which the professional body 

oversees. 

 

The expertise of professionals, and the domains over which they exercise that expertise, give 

them power to improve people’s wellbeing, or to cause significant harm. This is perhaps most 

obvious in the case of doctors, whose actions can save lives or cause death, and affect quality of 

life in many more subtle ways. A patient needs to know that a medical professional is not just 

technically competent, but will exercise ethically informed judgement in treating them, acting 

only with consent, maintaining confidentiality, pursuing their best interests, and so on. While the 

actions of a medical professional typically affect individual patients directly, the decisions of 

engineering professionals have the potential to impact on the wellbeing of many hundreds or 

thousands of people. 

 

As a result of the power their skills bring, society places great trust in professionals to exercise 

those skills wisely. Thus common to all professions is a commitment to use expertise in pursuit 

of the public good. This creates a critical role for ethics, as the professional’s adherence to 

ethical principles is a central part of the exercise of good professional judgement. Through this 

the professional both earns the trust of the public, and provides good reason for such trust to be 

continued. 

 

In short, being a professional brings with it significant privileges in terms of effects on others, 

whether that be access to information about them, or capacity to affect their needs and interests. 

Those privileges bring with them important responsibilities, so professions and professional 

bodies need continually to earn the right to be entrusted with such responsibilities by showing 

that they exercise them in an ethical way. 

 

2.2 Professional Engineers at the heart of things 

 

Engineers work in many disciplines but all of them have the ability to affect societal wellbeing to 

a very significant extent. At one extreme, as Richard Bowen2 has noted, engineers play major 

roles, for example, in two enormously important aspects of human life: 
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On the one hand engineers can provide solutions for the more effective management and 

treatment of water resources. In a world in which a significant proportion of the global 

population do not have safe drinking water (estimated at 1.1 billion by the World Health 

Organisation in 2004), such engineers have the power to do great good. 

 

On the other hand engineers are significant actors in the defence industry. In serving to 

defend people from aggressors this activity too has considerable potential to do great 

good, but equally weapons can be used to cause considerable harm. The privilege of 

having the skills and knowledge to contribute so much to such important areas of life 

clearly brings with it the need for wise ethical judgement when exercising that privilege. 

 

Nonetheless engineers also impact on individual and communal welfare in many direct and 

indirect ways. When a person steps on a bridge they need to know that engineers have wisely 

balanced the paramount importance of safety against demands for building within cost and 

achieving a pleasing aesthetic result. The location of a mining project requires good judgement; 

taking into account environmental and other impacts as well as adequately meeting technical and 

commercial requirements. Material and energy resources are used in the production, packaging 

and distribution of products that engineers design and make, and so the engineer must consider 

the sustainability of their methods. 

 

Responsible engineers have to be aware of all these implications and act appropriately in light of 

them. 

 

Clearly, then, engineering professionals need to be trusted across a vast range of human activity. 

Wise ethical judgement is as important for engineers as for any other profession. How, though, 

does ethics differ from basic common sense? 

 

There are many concrete examples which show that intelligent people with good common sense 

can disagree where ethics is concerned. Modern electronic devices that allow surveillance are 

often claimed to be valuable in countering terrorism, but people disagree as to whether the 

consequent invasion of privacy is warranted. Some see the production of wind-power as an 

environmentally sustainable way of meeting needs for electricity, but others claim the impact of 

the large turbines on the landscape to be environmentally damaging. These are some evidence of 

the limits of common sense for dealing with engineering ethics. 

 

Do such difficult cases show that ethical issues are merely subjective, with no right or wrong 

responses? They show only that it may not always be obvious what the right answer is, as even 

the most difficult dilemmas have ‘wrong’ answers. Keeping all citizens in their homes twenty 
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four hours a day is not a warranted method for achieving security. Completely unregulated 

extraction of minerals should not be permitted. Identifying these wrong courses of action is not a 

mere matter of opinion – the aim of Ethical Principles is to show that it is possible to identify key 

considerations for reaching ethical judgements and to use reason in deploying those 

considerations. 

 

2.3 Ethics and Morality consideration in decision-making at higher Management Level 

 

The Chartered Manager Institution, CMI, has recently carried out a research on Ethics 

and Morality impact and decision-making at all level of the management hierarchy in 

organisation and at individual levels, from policy makers to the bottom of the employment 

pyramid. The CMI has named the study as the MoralDNA of Performance. 

 

Key points of the research is hereunder reproduced as it is very much relevant to our topic being 

outlined and it proves also that not in only professional fields that requires Ethics/Morality 

consideration but in other domain too same has a profound positive impact, if adopted, by the 

individuals, managers, organisation and the society at large thereby contributing to the well-

being of the global citizen constructively.       

 

2.3.1 Links to Performance - Research Findings from recent surveys 

 

The findings of this research are not prescriptive. Instead, these findings are descriptive. Using 

proven statistical techniques, the research is able to show significant links between the 

MoralDNA of managers and the performance, prosperity and sustainability of their 

organisations. 

 

The Key points noted are as follows: 

 

1. The research strongly suggests that management effectiveness is associated with each of 

the ethical perspectives of reason, empathy and obedience; 

 

2. Managers who rate their organisation highly in terms of management effectiveness also 

score far more highly on the ethics of reason and care themselves. Suggesting that in 

order to improve management effectiveness, organisations should find a healthy balance 

between reason, care and obedience, with a stronger focus on reason and care. In order to 

achieve that balance managers should focus more on the consequences of their actions on 

others and think their decisions through in terms of the ripple effect they may have; 

 

3. The values of hope, love and self-control were also associated with the highest scoring 

leadership styles. 
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4. Interviews with managers working on the practical questions of how to improve ethics in 

their organisations highlighted the importance of leadership. Role modelling and active 

reinforcement of ethical behaviour from senior management, and personal accountability 

for when things go wrong, are both essential. 

 

Raj Sisodia, FW Olin Distinguished Professor of Global Business at Babson College and 

co-author of Firms of Endearment, has done extensive research on how to create ethical 

and sustainable organisations. His own research has shown that the most successful 

organisations are those “not with your traditional hired gun type CEOs who manage by 

the numbers and are driven by the bottom line, where everything is seen through the lens 

of economic value. They were individuals who were passionate about the purpose of 

the business. They cared about what they were trying to do, and more importantly, 

about the people. They weren’t driven by power or personal enrichment but by the 

purpose of their organisation to their people and society as a whole.”  

 

Sisodia describes these individuals as “conscious leaders”, whose success rests on traits 

such as “the capacity for love and care”, alongside “high levels of spiritual, systems and 

emotional intelligence”. The findings show that adopting a more positive and supporting 

management style reaps rewards. 

 

 

2.4 Recommendation from Moral DNA research 

 

As we look more closely at the morality of managers through the lens of MoralDNA, we 

see that being good and doing things right is mostly about our empathy, our reason and our 

values. It is much less about the achievement of narrow financial targets; or our robotic 

compliance with rules and regulations. And yet governments, businesses, public services and 

charities still persist in a focus on quantitative targets and bureaucratic red-tape that drive 

dysfunctional and unethical workplace cultures. This has to change. The CMI body has therefore 

offered the following recommendations: 

 

(1) For policy makers, regulators, boards and senior executives: 

 

(a) Focus on purpose, values, leadership and culture 

 

The best performing organisations have a purpose that serves others, not one that is self-

serving for senior executives. 

 

They have strong moral values that inform better decisions. They encourage leaders to 

take time to develop their ability to inspire and lead customers as well as colleagues. 

Their leaders are human, self-aware, empathic and rational: they create cultures which are 

non-hierarchical, open and which encourage constructive dissent. They work with and 
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amongst their colleagues, rather than above them. They are coaching rather than 

commanding. 

 

(b) Invest in leadership development 

 

Many large organisations are investing billions in new technology. Yet these same 

organisations invest a small fraction of these budgets in helping leaders and followers 

understand their purpose, their values, how they make better decisions and how their 

behaviour inspires others – as role models of behaviour, good or bad. The MoralDNA 

research and interviews demonstrate that investing in people in the latter way generates 

substantial and sustainable returns. 

 

(c ) Make decisions more on the basis of values, not just rules 

 

Values and principles should drive management decision-making. Avoid knee-jerk 

regulatory reactions to problems: too many rules lead to more, not fewer, ethical 

breakdowns.  

 

The Financial Service Authority increased its rulebook by 27% between 2005 and 2008, 

but – as they have publicly recognised – this didn’t prevent the mis-selling of PPI, 

interest-rate swaps or the fraudulent manipulation of Libor and other market indices. This 

also means that values and principles, not rules, need to shape codes of conduct. Many 

senior executives assume that writing and publishing a code of conduct will result in 

better behaviours but they are not a panacea and must be socialized within the culture, 

supporting a broader values-based leadership and culture programme.  

 

Codes should embody principles that help as a decision making framework, rather than 

being a set of rules or regulations which are far more likely to drive a compliance culture.  

 

(d) Harness diversity to challenge ‘group-think’ 

 

Democracy isn’t perfect: as Churchill once wryly described it, it is the least worst form of 

government yet tried. Yet most organisations remain immune to democracy, and in too 

many organisations, hierarchical practices stifle argument and dissent. 

 

Yet the MoralDNA research clearly demonstrates that the ethic of obedience is less 

strongly associated with high performance than reason and care, so employers must 

encourage consideration and care about other people’s interests and perspectives. 

Differences in gender, age and seniority clearly affect ethical biases which can enable 

more balanced decision making, so in order to make the right decisions, promote 

constructive dissent and encourage reasoning. The lack of diversity in the boardroom has 

been identified as a major threat to companies so explore how your organisation 

challenges “group-think” – how can you do more to include a diversity of outlook, 

experience or behaviour at the top? 
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(e) Win hearts as well as minds – engage and empower colleagues 

 

Why do employees leave the ethic of care at home? Employers need to do far more to 

engage the hearts and minds of employees. Review your levels of employee engagement. 

Seek ways to provide more autonomy and devolve responsibility. Where employees can 

make decisions for themselves they are far more likely to start thinking for themselves 

and consider the impact of their actions on others. 

 

(f) Measure what really matters: escape the unintended consequences of short-term 

targets 

 

Whilst short-term, quantitative targets may be easy to measure, they do not fully reflect 

the true value of an enterprise and they do not encourage the right culture or behaviours 

over the longer term. They also do not make for a sustainable business that is successful 

in the long run. Recent examples in the banking and healthcare sector have demonstrated 

quite clearly that the pursuit of narrow quantitative targets has destroyed not only the 

long-term value and sustainability of these institutions, it has also destroyed lives.  

 

(g) Reward and recognise values based behaviours 

 

Do your reward and recognition schemes focus on achieving objectives, as opposed to 

how objectives are achieved? A focus on narrow financial targets and incentives can too 

easily lead to unethical behaviour. It is just as important to recognise and reward 

behaviours that embody your key values and purpose, viz. Moral/Ethical comportments. 

 

(2) For individual managers 

 

(a) Care more 

 

Make time to look at how you make decisions. What are your ethical preferences? What 

example do you set? Are you open to challenge? Do you listen to others? Taking a step 

back to reflect is a critical component in moral reasoning. 

  

(b) Stand up for the values you believe in 

 

Be authentic and be yourself. If you see something you do not agree with, speak up and 

challenge it. 

 

 (c) Ask yourself the RIGHT questions 

 

Key questions that can help you better understand ethical dilemmas: 

 

• What are the Rules and what’s our duty? 
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• How do we act with Integrity and with which values? 

• Who is this Good for and how might they benefit? 

• How might we Harm and would this be fair? 

• What’s the Truth and can we sleep at night? 

 

(d) Be a leader. 

 

Provide values-based leadership. 

 

People will follow you because of your character and values, not because of the size of 

your job title. You need to set the example through your attitude, your tone, your 

behaviours and your actions. 

 

(e) Be inclusive. 

 

Be open to challenge and dissent. 

 

Diversity of thought is critical, so make difficult decisions with others. 

 

They will bring different views, ideas and opinions. Deciding on the right ethical course 

is often the easy part: finding the courage to actually do it is something else, and getting 

challenge and then buy-in from others will help. 

 

(f) Be professional. 

 

Use the good practice that’s already out there.  

 

The above speak for itself and same is based on a world-wide recent survey, October 2014, by 

the CMI.  

 

 

3.0 ENGINEERS – THE FUTURE MANAGERS AND ADVISERS 

 

Most of the Engineers begin in the technical area at the start of their careers and with 

time and several years of experience they eventually accede to higher management roles with 

more responsibilities and accountability to the employer. 

 

However, the consideration to ethical judgement is paramount to any grade that the Engineers 

are, be it at the most basic technical grade or be it the most top level of any hierarchy. 

 

With this progression, the engineers now has to demonstrate better judgement in other skills like 

management and has to be more ethical as compared to previous grade held. The below diagrams 
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(diagram 1.0 and 2.0) shows the extent of skills required as one move from a technical 

Engineering grade to a higher management grade. (Courtesy: Dr. Martin Haigh, owner of award-

winning training and development company, Lattitude7, is a Chartered Engineer and Fellow of 

The Institution of Mechanical Engineers and holds a PhD from the University of Leeds) 

 

It is important to note that as the Engineers move up the career ladder, the amount of ethical 

judgement also rises with higher grade job prospect. 

 

It is worth noting that by virtue of the characteristics of the engineering nature of our work 

Engineers may be called upon to advise on, sensitive and big-impact decision-making for 

projects with higher level policy makers be it at national political, regional or international level.  

 

 
Diagram 1.0 

 

 
Diagram 2.0 
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4.0 PROFESSIONAL ENGINEERS AND CONTRACT MANAGEMENT – ETHICAL      

CONSIDERATION 

 

In past projects, one obvious example where ethics, if adopted well, has a vital role is in 

contract administration. Let’s take an example of Traditional Construction Project Method set up 

of client, Engineer and contractor, still being used in certain countries and which may be 

working in their context, as it has been in other countries too, maybe now with some upgrading 

where same has been tested and still being used. 

 

4.1 The Responsibility and Accountability Triangle 

 

 

 
 

Diagram 3.0 

 

 

 

The Client, normally the promoter of a project, initiates the concept of the project and engages an 

Engineer (a firm or Consultant) to work out the feasibility and contractual requirements for its 

physical implementation by a third party namely the contractor. 

 

Normally, by an agreement signed between the client and the Engineer, the latter has taken 

responsibility and accountability of the contract administration to implement the project as per 

the concept of the client and to act as an expert in technical and administration matters that may 

arise during construction. 

 

There is another agreement signed between the contractor and the client whereby the former has 

responsibility to deliver the project physically on site as per terms and conditions of the 
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agreement. In such agreement, normally, most technical final decisions are a prerogative of the 

Engineer who is the client representative, clearly define in the agreement. 

 

The Engineer (representing the client’s interest) endorsed with the Authority and powers to have 

the final say as an expert in both conflicting technical and administrative matters, supervises the 

Contractor’s work to respect the contract spirit and requirements to its fair value. 

 

In most scenarios, sometimes, the Engineer is trapped in ethical dilemmas whether to 

collaborating with the Contractor to the detriment of the contract/project and consequently to the 

client, for personal gain and gratification or to abide to his professional ethics as an Engineer. 

 

By now considering the researches and literatures of previous sections of this document, which 

has demonstrated that such dilemmas should not arise now as if the professional abides by 

ethical principles and values, the Engineer should concentrate at delivering the project or 

attending to technical matters to best of his expertise knowledge and avoid self-gratification at 

the expense of the project which may result detrimental to the society if the end users are the 

public. 

 

And yes, the Engineers are sufficiently powerful via the authority given to them by client alike in 

contracts to show responsibility of their action and to serve as examples for others regarding 

usage of ethical principles. 

 

 

5.0 THE WAY FORWARD – HOW TO INCULCATE ETHICAL BEHAVIOURS  

 

By now it is evident that Ethical judgement is of paramount importance in any field that 

one is in, be it for any professional, manager or any working individual at any hierarchy of an 

organisation. 

 

I believe that to tackle the issue of ethics, same should be given due importance at the very basic 

level of education viz. in the curricula itself. In some B. Eng. Degree syllabus, we do have these 

in certain countries who have acknowledge its importance but in most countries same is yet to be 

incorporated which I believe is high time to make such an important subject matter affecting the 

very core of Professional Engineers’ behaviour to have its module of its own.   

 

Education represents a key intervention point in encouraging the emergence of a professional 

engineering ethos informed by a Professional Ethic. In terms of establishing an appropriate 

relationship between Professional Ethics and education, many would contend that incorporating 

Professional Ethics as merely add-on material to already overcrowded curricula is insufficient. 

Instead Professional Ethics should actually be a leading principle for curricula. Traditional 
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reductionist models of engineering education seek to extinguish context and uncertainty and 

reduce complexity across socio-economic and ecological domains. They therefore constitute a 

wholly inadequate response to the need for fit-for-purpose, twenty-first century graduates 

required to address broader Professional Ethics issues. 

 

One way to look at curricula is through a filter bed system whereby the students are made aware 

of ethical principles write at the beginning of their curricula and the examination, whether case 

study or normal paper based, should ensure that the latter has grasped the implication of ethical 

behaviours in the construction industry in Projects and in the organisation alike. 

 

The diagram 4.0, on the next page,  illustrate a bit what I am trying to say schematically to have 

a radical change in perception of the future professional engineers and their behaviour to the 

benefits of the society through adoption of ethical principles at very early right from the 

university days. 

 

As has been shown in this document and researches carried out, vide statistical analysis, are 

proving that ethical behaviour pays more dividend than old-school profit-driven set ups which 

have to a certain extent resulted in some poor Engineering projects and Engineers themselves. 

 

With a paradigm shift to adopt ethics as the basis of decision-making in every situation, in any 

matter be it technical in contract administration or simple judgement at any level of any 

hierarchy, the end results cannot be bad at all, but benefits and benefits only, both to the 

individual taking such a decision and to the society at large. 

 

Is this not what Engineering aspires to? 
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