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Abstract

The study reaches an understanding of the boundaries that a society can set, for the
provision of comfort conditions using energy efficient building skins in prisons. The aim
Is to establish the role of fagade design in attaining a possible balance between the

provision of a humane environment for inmates that would help in rehabilitation efforts
on one hand, and the penal system on the other. This study examines the factors that

affect the balance between the costs to society of such comfort in energy terms, against

rehabilitation. The study provides guidelines to establish this balance in design of prison
facades in the United Arab Emirates (UAE). Emphasis will be on variables that have

impact on the design and configurations of building skin.

In Western societies, the reform policy in the 18" century produced a new kind of

architecture associated with 1t at that period (Evans, 1982). Prison architecture was part
of the punishment regime. The effects of the indoor environment on the inmates and their
physical and psychological comfort were not considered (Peters, 1995). The main role of
the buildings was to operate as a punishment symbol not only to the offenders, but also to
put fear into everyone passing by them (UNSDRI, 1975). The special configuration of the
prison buildings of the 18" century was therefore manifested in the patterns of the indoor

space as well as the facade design (Pearce, 1995).

Modern concepts of penal theories emphasise the rehabilitation of the prisoners (Lenci,
1977). 1t is believed that the contemporary institutions should focus more on the effect of
the building environment on the individual (Christopher, 1990). Consequently, the
contemporary design of prison buildings is to foster a more positive environment. This 1s
mediated by the creation of an environment that is proactive rather than reactive (Spens,

1994). A positive and healthy environment is essential for the inmates’ rehabilitation. In

order to achieve this goal, comfort is a main concern.

The question of comfort in prisons is complex. Large numbers of quantitative and
qualitative variables have been identified. This study traces and investigates the
development of penal theories, in order to identify the importance of such variables for
rehabilitation of inmates. A historical review was essential to fully understand the forces
that shaped the development of prisons. The review includes development of prisons in

different societies and discusses the penal systems in those societies. The analysis of the



historical development of prison buildings also revealed the importance of fagade features

that reflected the penal theories of certain times and of certain societies.

The thesis takes prisons in the United Arab Emirates (UAE) as a case study. The UAE
prisons have moved through different phases of development. The new policy of the

Ministry of Interior emphasises the need for rehabilitation and improving the conditions
of the inmates. A prototype design has been developed as a model for all prisons in Abu
Dhabi. The new design, with its improved environmental conditions, has significant
implications on energy consumption with the increase in area per inmate and the
introduction of air-conditioning. Emphasis on comfort as one of the main design factors

will atfect the layout of prisons, the design of the building skin, and the services provided.

The proposed prototype is simulated using thermal simulation modelling software in

order to understand the thermal performance of the facades. Alternative scenarios, based
on prison and design theories and new fagade technologies, are developed and compared

to the proposed prototype. The thesis concludes with a discussion on the role of facade

design on the sustainability of prison buildings taking into account the social,

environmental and technical related variables.

The thesis argues that the phrase sustainable fagade design has always referred to the
introduction of appropriate fagade configuration in order to achieve energy efficiency. In
prison buildings, however, a typology driven by cultural values and social theories, socio-
economic factors have great impacts on the sustainable design of prisons’ facades.
Hence, achieving sustainable prison fagade design is conditioned by coupling social

aspects of prison buildings with technical energy saving measures.
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1. Introduction

1.1 Overview

Thirty years after the recognition of the need for ‘sustainable development’ there 1s still
no single, widely accepted definition. In the 1970s, the term basically referred to

maintaining natural resources (Coomer and Howe, 1979). In the early 1980s sustainable
development aimed to achieve lasting satisfaction of human needs and improvement of
the quality of human life on one hand (Allen, 1980) and maintenance of essential
ecological processes and life support systems on the other (IUCN, 1980). In the late
1980s, the approaches to sustainability emphasised social and economic aspects, which
requires‘ elimination of poverty and deprivation as well as the conservation and
enhancement of the resources base. This was followed by the most common definition of

sustainable development by the World Commission on Environment and Development

(1987): The ability of humanity to ensure that it meets the needs of the present without

compromising the ability of future generations to meet their own needs. Following the

Earth Summit in the United Nations conference on Environment and Development
(UNCED) in Rio in 1992 ‘sustainable development’ has become the internationally
accepted keywords for a political discourse committed to life, the conservation of natural
resources and a sense of obligation to future generations. Definitions of sustainable
development have been broadened to include the ability of a society, ecosystem or other
ongoing system to continue functioning into the indefinite future, without being forced

into decline through exhaustion or overloading of the key resources on which that system
depends (Haviland, 1994).

Despite the wide acceptance of the UNCED’s definition, ‘sustainable development’
remains controversial because of the cultural differences and North-South divide (Strong,
1990; Saunier, 1999). Saunier (1999) identified four different movements of sustainable
development: human development, nature conservation, natural resources management
and environmental protection. There are, however, several pending issues with relation to
interests of different human groups. These include the viewing of sustainable
development as a process of reconciliation of human groups separated from one another

by different and conflicting demands they make on their shared surroundings.
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The urban scene with its complex matrix of buildings, activities, services, and
transportation consumes seventy five percent of the world’s energy resources and
produces the vast bulk of its pollution and climate-changing gases. Decisions made by

architects are crucial to the achievement of a sustainable future (Edwards, 1999).

Despite the importance of architecture to the overall success of sustainable development,
there is still no agreement on a definition that is applicable to architecture. There 1s a
widespread belief among architects that the UNCED definition, for example, does not
specify the ethical roles of humans for their everlasting existence on the planet (Kim, 93).
The term “sustainable architecture”, used to describe the movement associated with
environmentally conscious architectural design, has created ambivalence and confusion
(Kremers, 1995). Emphasis has been therefore, on technical issues such as reducing

energy consumption in the construction and maintenance of buildings. Very little

attention 1s paid to the social and economic aspects.

The disarray of sustainable development approaches in architecture is evident. The

attempts to include ethical dimensions as well as technical dimensions are seen as

contradory to the profession of architecture itself (Levin, 1995). This is despite the fact
that such values are accepted by human groups with conflicting demands on their shared
surroundings. When human groups do not even have a shared context, conciliation for
sustainable development became even more difficult. This is the case in incarceration

architecture, where issues related to human comfort become debatable in themselves.

1.2 Sustainability of Incarceration Architecture

The disarray of a sustainability approach in prison buildings is rooted in the

understanding of the role of architecture in the penal philosophy. A historical review of
the development of the prison system, carried out in Chapter 4, showed that imprisonment
1s a philosophical and social problem before being a building problem. This contradiction
1s reflected in the difficulties of prison design. Contemporary architects feel social
responsibilities in providing buildings whose purpose is neither totally accepted nor
clearly defined. Prisons today are evaluated as social facilities with a similar importance
to other social facilities (hospitals, schools, etc.), and part of the urban infrastructure
(Lenci, 1977). Recent developments in prison buildings have also highlighted the new

trends of sustainable architecture. More emphasis is placed on sustainable approaches not



only in technical terms, for example reducing energy consumption for maintaining

comfort levels, but also relating to social issues. The contemporary design concepts for

prisons should follow the changing ideals in penal institutions' containment philosophy
and social structure on the one hand, and the changing ideals of use and design of a

sustainable habitat in general of the architectural style that can express these new
aspirations, on the other. New prison design policies emphasise the importance of
providing more normalised environments to provide a more supportive setting for the
normal behaviour. The human elements should be placed at the centre of the process of
prison building design, in order to ensure that the squalid and haphazard prison conditions
of the past do not return. The importance of providing a healthy indoor environment 1s
also recognised in the new prison system. This includes light and view, thermal comfort,
noise, interior design and ventilation (Fairweather, 2000). These technical factors are
normally identified as the basis for sustainable architecture. The building envelope has

major impacts on the performance of these factors. This thesis emphasises the role of the

two factors, the social and the technical, in achieving sustainable incarceration

architecture.

1.3 Development of a sustainable and humane environment in
prisons of Abu Dhabi

Incarceration architecture by definition negates many aspects of sustainability. Natural
and humane values embedded in the penal system can be ambiguous in many ways.
Throughout history, it has been mainly the role of sociologists to advance theories and
applications of incarceration architecture. Sustainability in this type of architecture,

however, tends to rely heavily on technical solutions (Sala, 1998 and Billatos and Basali,

1997). There are many different definitions for sustainable architecture (Hui, 2000). The
large programme introducing new prison buildings in UAE highlights the argument of
technical versus social sustainability. There have been rapid changes in the prison
population in the United Arab Emirates in both the types of crimes and profile of
prisoners, as well as their numbers. This has resulted in a new design policy for prison
buildings in Abu Dhabi. The prison design brief that was prepared by the Public Works
Department in conjunction with the Ministry of Interior, stated the main objectives of the

prison design. The principal goal of the design is to provide closed institutions for

different categories of offenders. In order to ensure more effective classification of



prisoners, it was recommended to divide the accommodation into social units. The brief
emphasised the importance of maintaining consistent control of the offenders to avoid
unwanted contact with members of the community; to preserve a safe controlled
environment and, at the same time, ease access to all parts of the prison. Ease of
supervision and administration to minimise friction between prisoners and staff are
important characteristics of prison buildings in Abu Dhabi. Correctional treatment aimed

towards rehabilitation is a main issue in new prison policy there. Prisons should prepare

inmates for their return to the community.

Climatic condition within prisons is considered one of the main variables that affect
comfort and hence corrective actions. Taking into account the severe climate in Abu
Dhabi, the importance of developing suitable interior spaces for programmes, activities
and functions becomes critical. In order to present a sympathetic accommodation for the

climatic conditions, there has been a need to provide air-conditioning in the prison

buildings. A prototype design has been developed as a model for all prisons in Abu
Dhabi.

This thesis argues and discusses the impacts of the decision to provide air conditioning on
the sustainability and thermal performance of prison building. The study examines, in
particular, the contribution of the envelope to the total energy performance in prisons 1n
UAE environment.  As previously discussed, this study argues that the sustainable

features of natural and human values on the one hand, and the technical issues on the

other are inseparable in this type of buildings

1.4 Aims and objectives

The aim is to establish the role of fagade design in attaining a possible balance between

the provision of a humane environment for inmates that would help in rehabilitation
efforts and the penal system. This study examines the factors that affect the balance
between the costs to society of such comfort in energy terms, against rehabilitation. The

study takes the new development of prison buildings in Abu Dhabi, United Arab
Emuirates, as a case study.

The main objectives of the study can be divided into three main categories. The first

group deals with understanding the energy performance in prison buildings, with

particular reference to the role of the building facade. The second group of objectives deal



with the social aspects of the penal philosophies and the possible relationships to
incarceration architecture. As this thesis attempts to break new ground in sustainable
incarceration architecture linking social and technical aspects of fagade design, the third
group of objectives seek to develop a theoretical framework for the study. The problem to
synthesise and integrate all the contending theories (penal theories, the empirical analysis
of energy consumption, theories of prison architecture and thermal simulation models)

into a coherent whole and assimilating the numerous variables that arose from examining

the previous theories, necessitated developing a new methodological approach. The three

sets of objectives can be summarised as follows:

1. Objectives related to energy consumption

1. To explore the impacts of the new policies and consequently the new

prototype prison in Abu Dhabi on energy consumption, to maintain a humane

environment in prison buildings.

1i. To examine the role of prison building fagade in the development of

sustainable prison architecture that takes into account both technical and social

aspects.

iii.  To study the thermal performance of the developed fagades for the prototype
of prison building in Abu Dhabi.

iv.  To investigate the relative importance of different variables which constitute a

prison building’s fagade, on energy consumption to maintain human comfort.

2. Objectives related to rehabilitation and social aspects of penal theories:

1. To crtically review the relationships between rehabilitation and the

environmental conditions of prison buildings.

11. To discuss the development of penal theories in Western and Islamic societies

and their impacts on the development and shaping of prison architecture,

particularly fagade design.

ii.  To identify the main variables that have influenced the design of prison

facades throughout history.



3. Objectives related to methodology and development of the theoretical

framework:

1. To review the different methodological approaches that relate the social and

technical aspects of energy studies.

1. To explore the possibilities of bridging the gap between the two disparate
fields of sustainable incarceration architecture, relate them and find the

conceptual vocabulary to capture this relational process.

1.5 The structure of the thesis

The thesis follows the structural diagram shown in Figure 1. The diagram explains the
different stages that the study follows and illustrates the two strands of sustainability n
incarceration architecture. The thesis is also structured to the logical sequence of this
diagram. Figure 2 explains the contents of different chapters of the thesis and the links
between those chapters. Chapter one sets up and justifies the area in which the work will

take place. The chapter provides an overview of the argument concerning the problem,

and the disarray of sustainability in incarceration architecture. Chapter one also states the

aims and objectives of the study. The structure of the thesis is explained and contents of

the different chapters are summarised.

Chapter two discusses the energy flow in buildings in the United Arab Emirates and Abu
Dhabi. Section 2.1 explains the building as an energy system, in the UAE context. The
chapter proceeds to discuss, and provide a background on climatic conditions in Abu
Dhabi and the requirement to provide comfort in such hostile climatic conditions.
Section 2.3 investigates the generalised energy flow model (current technical solutions,

energy sources, energy policies including pricing and comfort implications). The chapter
will then proceed to review literature related to the role of the building’s skin in the
overall thermal performance of buildings in Abu Dhabi. Section 2.6 reviews the energy
performance indicators that will guide the discussion in the following chapters. The
driving forces (climate, comfort) in terms of peak load and consumption are reviewed in
Section 2.7. Finally, the previous discussion and understanding of the context leads to the

identification of architectural variables of building facades that influence the energy

performance of buildings in Abu Dhabi.



Chapter three examines skin design and technology. The chapter defines the ‘Skin’ of
the building (Section 3.2) in order to identify the factors and the elements of a building
facade that constitute the skin of the building. Understanding the existing techniques (in

UAE, regional, international) is one of the purposes of this chapter. The physical and

optical properties of different skin materials are studied in a separate section. Section 3.3
reviews the development of the skin and the forces behind such development. This
review examines literature related to the effects of building skin design on energy
performance. Section 3.4 investigates the forces behind fagade development in prison
buildings. A historical review provides a chronological understanding of the
development of fagade design in prisons throughout history. The literature review 1n

chapter two and three will form a theoretical and experimental background for the case

studies analysis in chapter seven.
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Chapter four discusses the theories of prison design. Those theories will be discussed as

a reflection of the society. The importance of indoor comfort on prisoners’ behaviour is
demonstrated in Section 4.3. This section will consider physical and psychological

factors for indoor comfort in prisons. Section 4.3 also reviews visual and physical

comfort and human behaviour. This chapter moves on to review the theoretical
backgrounds on cultural diversity and visual perception in Section 4.4. Understanding the
special characteristics of prisons as energy systems is one of the main purposes of this

chapter. It also contains the development of prison design and theories of correction and

Sustainable Facade Desion and Virtue in Incarceration Architecture
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Figure 2: Outline of chapters of the thesis



provides the theoretical background to the discussion in Chapter six.

Chapter Five explores and discusses the evolution of penal theories and how they
influence the form and environment of prison buildings. Section 5.2 focuses on the
evolution of rehabilitation approaches in the twentieth century. The discussion in Section
5.3 sheds light on the social concerns of the contemporary approaches to imprisonment.

Consequently, Section 5.4 examines the non-custodial penology and its interpretation in

the UAE penal system. Finally, Section 5.5 provides an insight into recent trends and the

future of imprisonment.

Chapter Six describes the methodology used in the thesis. Section 6.2 reviews the

different research methods for sustainable prison design. The review covers research
methods for energy-related built environment studies, research methods in prison design
and rehabilitation and the sociology of energy in prison buildings. Investigation of the
appropriate methods to analyse the energy flow patterns in buildings is included in this
chapter. Section 6.3 discusses the opportunities and constraints of prison studies in the

UAE. The following section (6.4) explains the adopted research methods. The structure

of the different methods is described in Section 6.5. In this section the thesis’s

hypotheses are stated and explained. The section also assembles the theoretical

framework of the thesis.

Attempts are made in Chapter Seven to identify the fagade features that have energy
implications in prison buildings. The Chapter relates both technical and social variables
for sustainable prison fagade design. Section 7.2 selects the architectural variables that
have energy implications in prison fagades, while the social variables are selected in
Section 7.3. Section 7.4 reviews the literature concerning the simulation tools used for
estimating the energy interactions within a building. This review will focus on computer
software used for building energy simulation. This review will be a guide to set criteria
for the selection of simulation models and to investigate case studies analysis. The

simulation models will help to estimate the building energy performance, which is to be

analysed in chapter eight.

Chapter Eight analyses and investigates the results of the simulated base case as well as
the developed scenarios. Section 8.2 sets the boundaries of the simulation, and states the
base case input data. This section also identifies the variables that are to be tested. This
Includes variables related to fagade configuration, materials, and activity and cooling

profiles. Section 8.3 provides the basic analysis of the base case. The following sections

9



provide in-depth analysis of all the scenarios. A summary of the findings of such analysis

1s given in the last section.

Chapter Nine provides a summary of the thesis and the findings. The chapter also lists a
set of recommendations for the design and configuration of prison fagades in order to
support development of viable sustainable prison buildings in the United Arab Emirates.

At the end of the thesis, appendices and the list of references used will be presented.
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2 Energy Flow in buildings in the UAE/ Abu Dhabi

Prisons are microcosms of societies. In order to understand their behaviour and
characteristics it is essential to understand the special characteristics of the society 1n
which they are situated. This chapter discusses the demands of social and cultural factors
and their impact on the development of prison buildings. This chapter aims to provide a
general background of the context of this thesis, the United Arab Emirates and more
specifically about the emirate of Abu Dhabi. This section also aims to explore the factors
that influence the thermal performance of buildings in the UAE (section 2.6). It 1s,
therefore, crucial to demonstrate the climatic features of the UAE generally and

specifically Abu Dhabi, in order to assess the extent of the energy demands required to

provide thermal comfort in buildings (sections 2.1.4 and 2.2.1).

An introduction to the general geographical, economical, demographical and climatic
features of the UAE are carried out in section 2.1 which provides a general background to

the discussion. The country’s energy resources are also presented in this section.

2.1 General background of the UAE

It 1s widely agreed that sustainable architecture is the current term for environmental
architecture (Hagan, 2001). Swept up in the concern for the environment however are the
accompanying concerns for social and economic sustainability. In order to present a
sustainable fagade design it is, hence, inevitable to demonstrate the environmental,
economic and socio-cultural characteristics of the case study location that is Abu Dhabi,

which 1s the capital of the United Arab Emirates. This section briefly demonstrates these

special characteristics of the UAE in general and Abu Dhabi specifically.

The United Arab Emirates (UAE) is a Federation established in the year 1971, between
seven Emirates namely Abu Dhabi, Ajman, Dubai, Fujairah, Ras Al Khaima, Sharjah and
Umm Al Quwain. The country is located in the area previously known as the Trucial

Coast in the Gulf (Figure 3). The Emirates were, until World War I, under Ottoman rule

and later became British protectorates.
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Figure 3: The UAE location on the world map

2.1.1 The geography of the United Arab Emirates

The UAE lies between 22°50' and 26° north latitude and between 51° and 56°25" east
longitude. It shares a 19 kilometres border with Qatar on the northwest, a 530 kilometres

border with Saudi Arabia on the west, south, and southeast, and a 450 kilometres border

with Oman on the southeast and northeast (Figure 4). The total area of the UAE is

approximately 77,700 square kilometres.
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Figure 4: A detailed map of the UAE

T'he UAE stretches for more than 650 kilometres along the southern shore of the Arabian
Gulf. Most of the coast consists of saltpans that extend far inland. The largest natural

harbour is at Dubai, although other ports have been dredged at Abu Dhabi, Sharjah and
elsewhere.
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The UAE also extends for about 90 kilometres along the Gulf of Oman, an area known as

the Al Batinah coast. The Al Hajar al Gharbi (Western Al Hajar) Mountains, rising in
places to 2,500 metres, separate the Al Batinah coast from the rest of the UAE.
Beginning at the UAE-Oman border on the Arabian Gulf coast of the Musandam

Peninsula (Ras Musandam), the Al Hajar al Gharbi Mountains extend southeastward for

about 150 kilometres to the southernmost UAE-Oman frontier on the Gulf of Oman. The
range continues as the Al Hajar ash Sharqi (Eastern Al Hajar) Mountains for more than
500 kilometres into Oman. The mountain slopes tend to run right to the shore.
Nevertheless, there are small harbours at Diba al Hisn, Kalba and Khawr Fakkan on the

Gulf of Oman. In the vicinity of Al Fujayrah, where the mountains do not approach the

coast, there are sandy beaches.

South and west of Abu Dhabi, vast, rolling sand dunes merge into the Rub al Khali
(Empty Quarter) of Saudi Arabia. The desert area of Abu Dhabi includes two important
oases with adequate underground water for permanent settlements and cultivation. The
extensive Al Liwa Oasis is in the south near the undefined border with Saudi Arabia.

About 100 kilometres to the northeast of the Al Liwa Oasis is the Al Buraymi Oasis,
which extends on both sides of the Abu Dhabi-Oman border.

2.1.2 The economic situation in the United Arab Emirates

During the last three decades enormous economic rapid changes have occurred in the
Gulf area. These changes were produced by the discovery of oil in the region, and the

economic wealth associated with it. In the UAE, as in all the Gulf Countries, this

economic prosperity led to a major socio-cultural change. The construction and building
sectors experienced the most noticeable change in the accelerated development of the
UAE. The traditional architecture has disappeared under the stream of new technologies

and sophisticated building systems. The impact of this change in energy terms is

demonstrated in section 2.6.

Economic growth has, however, slowed sharply in the United Arab Emirates (UAE) over
the last year (2001/2002), as oil prices have declined from the relatively high levels of
1999 and 2000. Real growth in gross domestic product (GDP) is 4.0% for 2001, after
reaching 7.9% in 2000. The UAE economy is somewhat more diversified than most of

the other Arabian Gulf oil exporters, which has mitigated some of the effects of the fall in
o1l prices.
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2.1.3 The UAE population

It is very important for this thesis, to understand the population profile in the UAE. The
cultural mix of the population is also reflected in the prison population. This is having a

major impact on decision making regarding design, and management of prisons in the
UAE.

The population of the UAE has increased more than fivefold in the past 25 years.
According to the Central Statistics Department the population increased from 557,887 1n
1975 to 3,108,000 in the middle of the year 2000. The number of expatriates living in the
UAE continues to grow dramatically. The latest official figures show that the percentage
of the expatriate population among the overall national population rose from 36 percent in
the year 1968, to 75.6 percent in the year 1995. The expatriate population in the UAE
vary 1In their nationalities, social, cultural, and political backgrounds. About 62.1 percent
of the total population consists of ethnic Arabs. The largest non-Arab group consists of
Asians from India and Pakistan, about 9.5 percent of the population. Some 2 percent are
Iranians. Other groups, including Africans and Europeans, make up less than 2 percent of

the population. This diversity of social, economic, and cultural background provides the

UAE society with a very unique and complex pattern.

Table 1: The UAE population per Emirate

EMIRATE | 1968 | 1975 | 1980 | 1985 | 1995
Abu Dhabi 1,186,000

913,000
Sharjah 520,000

Ajman 174,000

Umm Al-

Duwain 6,908 12,426 19,285 35,361 46,000
Ras Al-

Khaimah 43,845 73,918 96,578 143,334 171.000

Fujaira
UAE

Table 1 shows the desegregation of population data per Emirate. The table shows that

Abu Dhabi Emirate has the largest population volume in the country.

' 2000 figures are estimated figures and not calculated.
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It 1s however, essential prior to consider in the energy scene in the UAE to demonstrate

the climatic features of the country as the latter has major impact on the former. Hence,

the following section provides a general understanding of the main climatic features of
the UAE.

2.1.4 The climatic features of the UAE

Situated between 22 and 26 degrees north, the United Arab Emirates lie within a sub-

region of the northern desert belt, characterised by scanty and erratic rainfall, and high

levels of temperature, humidity and sunshine. Winter sunshine averages eight hours per

day, while the summer figure reaches as high as eleven hours a day.

As the UAE is situated across the Tropic of Cancer it receives maximum solar radiation
during the summer months which results in extreme hot and dry weather conditions.
Average precipitation is roughly 8 cm (80 mm) per year. Most rain falls in the winter
months, from November to April. Less frequent, but nevertheless important rainfall
occurs in isolated summer showers, carried into the area by southwesterly monsoons, and

often occurring at the eastern edge of the great Rub al Khali, along the borders between
Abu Dhabi and Saudi Arabia.

2.1.5 The UAE energy and environmental situation

The expected increase in energy consumption and its consequent environmental impact

following the introduction of air-conditioning in UAE prisons triggered this thesis project.

It is, hence, beneficial to illustrate briefly the current energy and environment scene in the
UAE.

2.1.5.1 Oil

The UAE contains proven crude oil reserves of 97.8 billion barrels, or slightly less than
10% of the world total. Abu Dhabi holds 94% of this amount, or about 92.2 billion

barrels. Dubai contains an estimated 4.0 billion barrels, followed by Sharjah and Ras al-

Khaimah, with 1.5 billion and 100 million barrels of oil respectively.

The UAE crude oil production is 2.15 million bbl/day. According to the US Department

of Energy, the UAE Oil estimated consumption is 331,000 bbl/d and its net oil exports
amount to 1.8 million bbl/d (EIA, 2001).
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2.1.5.2 Natural gas

The UAE’s natural gas reserves of 212 trillion cubic feet (Tcf) are the world's fifth largest
after Russia, Iran, Qatar and Saudi Arabia. The largest reserves of 196.1 Tcf are located
in Abu Dhabi. Sharjah, Dubai and Ras al-Khaimah contain smaller reserves of 10.7 Tcf,
4.1 Tct and 1.1 Tcf, respectively. In Abu Dhabi, the non-associated Khuff natural gas

reservolrs beneath the Umm Shaif and Abu al-Bukhush oil fields rank among the world's

largest. Current natural gas reserves are projected to last for about 150-170 years.

Increased domestic consumption of electricity and growing demand from the
petrochemical industry have provided incentives for the UAE to increase its use of natural
gas. According to the EIA, over the last decade natural gas consumption in Abu Dhabi
has doubled, and is projected to reach 4 billion cubic feet per day (bcf/d) by 2005 (EIA,
2001). The development of natural gas fields also results in increased production and

exports of condensates, which are not subject to OPEC quotas ((Vine and Casey, 1992).

2.1.5.3 Renewable energy

Renewable energy has become an essential ingredient of social and economic
development plans at the global level. However, the vast availability of fossil fuels in the
Arab world has minimised efforts to invest in renewable energy sources. Recently, global
sustainability and environmental concerns have initiated some efforts to develop
renewable energy systems in the Arab world (Alnaser et al., 1995). In the UAE several
projects and systems have been proposed and applied (El-nashar and Samad, 1993,

Kazim and Veziroglu, 2001). These systems however, are very limited and are not

applied on a wide scale.

Solar energy as a clean energy source, for example, is abundant in the UAE and it has
excellent prospects for future use in supplying energy demands especially in remote and
1solated areas. The monthly average, daily total solar radiation varies from 2700 W h/m?
in December to 8000 W h/m* in June, with an average clearness index of 0.65 (Khalil and
Alnajjar, 1995). The use of photovoltaic and solar thermal devices is suitable for rural
electrification, water pumping, seawater desalination etc. The Ministry of Interior, for

example, uses photovoltaic devices in several police stations in rural areas (Figure 5).
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Figure 5: Remote police station

2.1.5.4 Electricity

Electricity consumption in the UAE has been expanding with extraordinary rapidity
during the past three decades. This strong demand is driven by buoyant economic
activity, accelerated population growth due to a high fertility rate, international labour

movement, technology advancement, greater penetration of highly intensive electricity

apphances and relatively low electricity tariffs.

The UAE’s soaring demand for electric power, coupled with volatile swings in peak
loads, led the Emirates in 1997 to form a Privatisation Committee for the Water and
Electricity Sector. In early 1998, the committee called for a comprehensive restructuring,
including the elimination of the state-owned Abu Dhabi Water and Electricity
Department (ADWED). ADWED was transformed into a regulatory body, the Abu
Dhabi Water and Electricity Authority (ADWEA). The government plans to take a
majority holding in the new ventures, with minority interests held by foreign firms. The

government may gradually privatise its shares through initial public offerings (IPOs),

allowing UAE nationals to become shareholders.

Electricity continues to displace other sources of energy in final consumption, most
notably gas and kerosene in home use. As indicated by several previous studies (Al-Faris,
2002), residential demand in the form of air-conditioning, lighting, and use of appliances

1s the largest electricity user in these societies. Other users include the commercial

(mainly for air conditioning and lighting) and industrial sectors.
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2.1.5.5 Environmental overview

The UAE total energy consumption (of which Oil contributes 38.2% and Natural gas
contributes 61.8%) is estimated to be 7216.61 quadrillion KWH that is 0.5% of world
total energy consumption. The related energy carbon emissions are estimated at 32.2
million metric tons of carbon, which is 0.5% of world total carbon emissions. Figure 6

and 7 illustrate the energy consumption and related carbon emissions in the UAE by

SeClor.

Commercaal Commercial Transportation

Resxdential
16%

16%

56% 59%

Figure 6: The UAE Sectoral Share of Carbon Figure 7: The UAE Sectoral Share of Energy
Emissions (1998E) Consumption (1998E)

2.2 General background of Abu Dhabi

Abu Dhabi city is the provisional capital of the UAE and the capital of Abu Dhabi

Emirate. Abu Dhabi is situated between 24 and 29 North Latitude and 54 to 21 East
Longitude, with 6m altitude.

The area of Abu Dhabi is 67340 km®. More than 38% of the UAE population occupies
Abu Dhabi, which makes the population density 16.74 person per square kilometre. In the

following section the climatic features of Abu Dhabi are illustrated in detail.

2.2.1 Climatic features of Abu Dhabi

Climate is one of the prime factors in culture, and therefore built forms (Beng, 1994). It

1s hence essential to demonstrate the climatic features of Abu Dhabi in detail

The problem of heat excess in hot climates is generally related to three main climatic

factors, solar radiation, humidity and air temperature respectively (COCH and SERRA,
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1996). It is believed that solar radiation is the main source of excess heat in hot arid
zones, while the level of humidity can alter the impact of such excessive heat on comfort
levels. A precise and linear relationship is found between the indoor comfort temperature
and mean monthly outdoor temperature for both air-conditioned and naturally ventilated
buildings (Humphreys, 1996). The climate can also be seen therefore, as a powerful

influence on several aspects of living including clothing, furnishing, activities etc.
Understanding the sensitivity of thermal comfort to outdoor temperatures can result in

substantial savings, in extreme climatic cases such as the UAE. The following sections
discuss the climatic conditions in Abu Dhabi city. It was decided to extend the analysis

to cover other climatic conditions such as rainfall and wind speed, in order to give an

overall picture of climate in Abu Dhabi.

2.2.1.1 Sunshine and solar radiation

Intense solar radiation for long periods contributes not only to indirectly heating the air,
but also to heating the constructed mass of buildings. It is usual in the UAE, theretore, to
find that the indoor environmental conditions are worse than those outdoors, even if the

air temperature is not particularly high. This is the result of high mean radiant

temperature.

Despite the dumping by air conditioning systems of large amounts of heat to the outside
environment, the low built up area in most of the emirates makes the accumulation and

development of heat islands very rare, apart from in Abu Dhabi city centre.

Abu Dhabi with its location on 24° 29’ N and 54° 21° E, within the belt of the hot zone, 1S

exposed to long hours of direct sun all the year round. The maximum sunshine duration
is between 10 and 12.5 hr/day, while the minimum mean is between 7.9 hr/day and 10.3
hr/day. The annual average sunshine duration is 10 hours/day. Records show that the
highest values are between May and September (Figure 8). Solar radiation intensity 1s
very high through April until August. Measurements on the horizontal plane show that
solar energy exceeds 60 KWH/m? (Figure 9) with an average of 73.6 KWh/m?, while the
mean maximum is 55.5 KWh/m®. Additionally, Abu Dhabi city has clear skies most of

the year. It is evident that Abu Dhabi displays a hot climate with a high relative humidity
percentage (Figure 10).
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Figure 9: The monthly mean and extreme solar radiation in Abu Dhabi
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2.2.1.2 Relative humidity

Abu Dhabi’s climate 1s characterised by high humidity combined with relatively high
temperatures. It 1s known that the thermal comfort zones get narrower as humidity

increases. Coch and Serra (1996) considered this to be an important factor of comfort

that 1s underestimated in conventional comfort studies.

In Abu Dhabi Emirate, the annual average mean relative humidity is 63 %, the annual
average mean maximum 1s 84 % and the annual average mean minimum is 37 %. The
monthly mean maximum relative humidity is between 80 % and 87 %. The monthly
relative humidity values are illustrated in Figure 10. The highest RH in respect to the

mean maximum, 87%, 1s in February, while the lowest, 80%, is in May. The mean

maximum ranges from 27 % (May) to 48 % (January).

2.2.1.3 Temperature

Ai1r temperature 1s a very important factor in conjunction with the above two parameters.
During the hot season, daytime temperatures can exceed 45 degrees Celsius. In such

conditions, the interior can provide a refuge from outdoor daytime temperatures.

However, unless the envelope is properly designed, the situation can be reversed during

the night and the interior can be unbearable.

The average daily and monthly maximum and minimum are illustrated in Figure 11. The
annual average daily maximum temperature in Abu Dhabi Emirate is 32.3 °C. The
average monthly maximum is 38.3 °C. The maximum average daily temperature is
recorded 1n August, while in July of respect to the average monthly maximum. The
average daily minimum is 22.3 °C. The lowest temperature, in respect to the average
monthly minimum, 10 °C, is in January. July has the highest temperatures but it is
apparent that Abu Dhabi City has a high temperature throughout the year, in particular
from April to November. The figure shows that temperature remains higher than the
comfort level (set as 19 °C) throughout the year. Figure 21 also shows that this is
applicable to most daily patterns throughout the year (apart from January and February

when temperature exceeds the comfort level only between 11 am and 7 pm). The dry
bulb temperature set by ASHRAE for cooling design is 43.5 °C based on 2% probability,
however CIBSE set the design dry bulb temperature at 46 °C (CIBSE, 1990).
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Figure 11: The annual temperature in Abu Dhabi

2.2.1.4 Rainfall

Abu Dhabi City is located in the hot zone belt, hence, rainfall is rare throughout the year.
The maximum precipitation is usually in the cool season from December to April, with

maximum precipitation in January and March. Figure 12 illustrates the monthly average

rainfall.
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Figure 12: The monthly average rainfall in Abu Dhabi
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2.2.1.5 Wind speed

The importance of obtaining accurate data about local wind speed and direction 1n the

design stage is highly emphasised (Koenigsberger et al., 1974). Koenigsberger et al.
emphasised the importance of four factors related to the wind. The direction of the wind

is the first factor, determining whether predictable daily or seasonal shifts occur and

whether there is a recognisable pattern of daily or seasonal velocities. It is important also

to note the calm periods in each month.

The yearly average wind speed in Abu Dhabi is 3.8 m/s. According to the Beaufort wind-

force scale, Abu Dhabi is annual average wind force is rated 2 (the scale ranges from O-

12). Although the Beaufort scale which was developed in 1806 was based on visual

observation, it is still in use in spite of its completely unscientific nature (Koenigsberger
et al., 1974).

Figure 13 shows the average monthly wind speed in Abu Dhabi. The maximum wind
speed, 4.66 m/s, is recorded in August, while the minimum, which is 2.95, occurs 1n

December. Both the maximum and the minimum average are considered force 2,

according to Beaufort scale.
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Figure 13: The average monthly wind speed in Abu Dhabi

The above analysis of climatic conditions in Abu Dhabi shows the extent of
environmental stress in this region. Abu Dhabi city has a hostile climate classed as a
“hot-dry maritime desert climate”. This climate is considered to be one of the most
unfavourable climates on the earth (Koenigsberger et al., 1974). Long hours of direct sun

can be as much as 12 hours per day, with a mean solar radiation of 55.5 KWh/m®. Air
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temperature (DBT) can reach a day-time mean maximum of about 40 °C, but in the cool

season it remains around 24 °C. ASHRAE and CIBSE design conditions set the DB
temperature to 43 and 47 respectively, for probability of 2%. Humidity is high,

exceeding 85%, as solar radiation causes strong evaporation from the sea. Precipitation 1s
very low. Despite this obvious indication of the extreme climatic conditions in Abu

Dhabi, it would be difficult to assess the impact of these conditions on buildings and 1n

particular on fagade design, without investigating and understanding issues of thermal
comfort in this part of the world. The following section will review the mechanism and

definitions of thermal comfort. Thermal comfort indices will be reviewed, and the

contribution of the facade to thermal comfort will be examined.

2.3 The thermal comfort factors

The hostile climate in the UAE urges the need to address questions of comfort and
sustainability, design freedom and environmental responsibility. The discussion in the

following chapters tries to establish where a balance might lie in such an affluent society.
Exploring the facts of human thermal comfort will establish some boundaries for this

study, within the UAE context. The following section provides basic elucidation of

thermal comfort i1ssues.

A dynamic equilibrium exists between people and their thermal environment. Changes 1n
the environment tend to be compensated by changes in, for example, clothing or activity.
Our daily life cycle comprises states of activity, fatigue and recovery. It is essential that
the mind and body recover through recreation, rest and sleep to counter-balance the
mental and physical fatigue resulting from activities of the day. This cycle can be, and 1s
often impeded by unfavourable climatic conditions such as in the case of the UAE
environment. The resulting stress on body and mind causes discomfort, loss of efficiency
and may eventually lead to a breakdown of health. The effect of climate in UAE 1s
therefore, a factor of considerable importance. As it is not feasible to regulate outdoor

conditions, the task of the designer is to create the best possible indoor climate through

appropriate design and construction of the building’s envelope and its services.

Investigation of thermal comfort is a well-established line of research in building science.
Markus and Morris (1980) reviewed the developments in this research field since the 18"

Century. The authors discussed the variety of criteria that can be used to judge the
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quality of a thermal environment in relation to human activity, health or well being. In

order to understand thermal comfort indices in Abu Dhabi, a brief investigation of the

mechanism of thermal comfort is necessary. The differences between adequate indoor

environments for survival and for human comfort are also explored through the different

definitions of thermal comfort in section 2.3.2.

2.3.1 Mechanisms of Thermal Comfort

In order to understand the human response to the thermal environment, it 1s necessary to

examine briefly the basic thermal processes of the human body.

The body produces heat continuously. All energy and material requirements of the body
are supplied from the consumption and digestion of food, in a process known as
metabolism. Of all the energy produced in the body, only about 20% is utilised, the
remaining 80% is 'surplus' heat which must be dissipated into the environment. The body
can release heat to its environment by convection, radiation and evaporation and to a
lesser extent, by conduction (Koenigsberger et al., 1974). In order to achieve thermal

balance the body heat gains needs to equal the body heat loss. Keonigsberger (1973)

interpreted this 1in the following equation:

Metabolism minus Evaporation plus and minus Conduction plus and minus

Convection plus and minus Radiation needs to sum to zero.

The environment has little effect on the metabolic rate. Nevertheless, human activities,
weight, age and sex have a significant impact. The physiological basis of comfort was
stated as the achievement of thermal equilibrium with a minimal amount of body

regulation of metabolism, evaporation, radiation and conduction. To determine the

optimum environmental conditions for comfort and health, one must ascertain the
metabolic level during the course of routine physical activities, since body heat
production increases in proportion to the level of exercise. When the activity level shifts

from sleeping to heavy work, the metabolism varies accordingly (Vaughan, 1993).

2.3.2 Thermal comfort

The previous section shows that there is a wide range of conditions within which the deep
body temperature can be maintained at or near 37 °C. There is however a narrower range

of conditions within which people will feel comfortable. The heat flow rate from the
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human body core to the thermal environment depends upon activity level, when the body

performs work, the metabolic rate increases in order to provide the necessary energy.

Markus and Morris (1980) indicated that comfort should be defined within three

physiological factors that affect the heat balance equation; skin temperature, sweat rate

and metabolic rate. Thermal comfort or thermal neutrality, in this sense, may be defined
as a condition in which a person would prefer neither warmer nor cooler surroundings.
The human body 1s thermally comfortable when the heat constantly produced by bodily
processes balances heat losses and gains to and from the environment. The achievement
of such a balance depends upon the combined effect of many factors: personal variables

such as activity and clothing, as well as physical variables. Markus and Morris (1980)

distinguished between variables specific to individuals (i.e. activity and clothing) and
physical variables. The physical variables are air temperature, radiant temperature,

humidity, and air movement. These are considered to be the four main environmental

factors affecting human comfort. The occupants of a building however, judge the quality

of the design from an emotional as well as a physical point of view.

Elder and Martiz (1975) showed that accumulated sensations of well being or discomfort
contribute to our total verdict on the house in which we live and the school, office or
factory where we work. It is a challenge for the designer to strive towards the optimum
of total comfort. In this sense, Elder and Maritx extend the definitions of thermal comfort
as the sensation of complete physical and mental well being. Questions regarding
occupants’ background cultures have also influenced the comfort debate. Humphreys
(1996) shows how different cultures shift the comfort zones in relation to outdoor
temperature. If this holds true in the UAE, a slight change in the comfort environment
can have major energy implications in the working environment. Humphreys (1996)
shows that human comfort varies greatly in different parts of the globe. In his studies of
adaptive approaches to thermal comfort, Humphreys (1996) found that indoor comfort
temperatures from populations in different countries were as low as 17 °C (UK) and as
high as 32°C (Iraq). This difference was greater than could easily be explained by the
differences in clothing insulation. It is very difficult therefore to formulate an absolute
definition of thermal comfort, as a definition tends to describe steady state and optimum
conditions, ignoring the effects of movement of people in space and differences in

clothing and background cultures. This particular point is problematic in the UAE in
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general and in prison buildings in particular, due to the large diversity of cultural

backgrounds of the population.

2.3.3 Thermal comfort indices

The thermal environment within a room may be assessed by four measurements; air
temperature, mean radiant temperature, air velocity and wet bulb temperature (for
humidity and water vapour pressure in ambient air). Many thermal indices have been

devised in an attempt to represent thermal comfort conditions by a single temperature.

Examples of the available thermal indices are presented in this section.

The index temperature for comfort, which the CIBSE recommend for use in the UK, is

the dry resultant temperature (¢.s) and the Effective Temperature (ET) adopted by
ASHRAE (first produced by Houghton and Yalgou in 1923 (Koenigsberger et al., 1974)).

Both temperatures combine temperature and humidity into a single index. The index is

the temperature (in ° C) measured at the centre of a blackened globe 100-mm in diameter
(CIBSE Guide, Section Al).

Fanger proposed measuring the degree of discomfort in terms of the thermal load placed
on a person in a given environment (Fanger, 1970). Fanger predicted the thermal load,;
the difference between the internal heat production and the heat loss for a man at the
comfort values. The Predicted Mean Vote (PMV) for a large group from experimental

data was then computed, based on the relationship between the predicted vote, on a

seven-point scale, and the load.

Givoni developed the “index of thermal stress”, which is the calculated cooling rate

produced by sweating. The calculation is based on a refined biophysical model of the
man-environment thermal system. The index takes into account all the subjective and

objective thermal factors. Its usefulness extends from comfortable to overheated

conditions as far as the physiological adjustments are able to maintain thermal balance.
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2.4 Energy audit and the importance of the skin

2.4.1 The energy scene in Abu Dhabi

Abu Dhabi has, along with the other emirates, witnessed a sudden and complete

transformation in many areas. The construction and building sectors experienced the
most noticeable changes in the accelerated development of the UAE (Figure 14 and
Figure 15). The traditional architecture has disappeared under the stream of new
technologies and sophisticated building systems. The whole city with its infrastructure
was built between 1970 and 1985 following the new-fashioned trends in architecture.
The building codes in Abu Dhabi have been updated three times in the last 30 years.
Although the first code which was followed in the 70s and 80s laid strong emphasis on
the regional characteristics and climatic features of Abu Dhabi, it was never completely
applied 1n the expeditious expansion of Abu Dhabi. The rapid development came without

a thorough study of the energy implications in such harsh climatic conditions. The totally

Figure 14: Abu Dhabi City in the 1950s

Figure 15: Abu Dhabi city in the 2000
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glazed facade buildings that rise to more than 15 storeys were constructed in Abu Dhabi

in the early 1980s. Figure 16 shows the increase in the built up area of Abu Dhabi.
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Figure 16: The increase in the built up area of Abu Dhabi

The most recent developed version of building codes and regulations was released in

1994, to be implemented in May 1998. Unfortunately, the energy issues and climatic

factors were not properly addressed.

The new code included some general points about building size and ratio of the building
area to the window openings. No serious guidelines for the envelope design and the
fagade elements have been suggested, nor any codes for skin material or glass
specification indicated. It is interesting that in developed countries, for example the UK,
building regulations, are becoming more restrictive. For example, with the new Part-L

regulations the double glazed window with 12 mm cavity filled with Argon might not

necessarily meet the requirements.

As a result of fast development without considering the energy implications, electric
consumption increased from 540 GWH in 1975 to 7000 in 1997 (Water and Electricity

Department, 1997) (Figure 17). This sharp increase after 1975 accompanied large
population growth (Figure 18).

Interestingly, the per capita electric consumption is also increasing. Figure 17 shows that
the per capita annual consumption had increased from 10,156 KWH in 1987 to 13,162

KWH by 1997. This is a result of many reasons: increase in quality of life, more use of

electrical machines and indeed increase in air conditioning.
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In order to identify the significance of air conditioning in the energy scene of Abu Dhabu,

the following section reviews in detail the hourly and annual energy consumption.
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Figure 17: The increase in the total and per capita energy consumption in Abu Dhabi
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Figure 18: The increase in the population of Abu Dhabi

2.4.2 Abu Dhabi energy performance indicators review

The energy load in Abu Dhabi has increased dramatically in the last decades. Energy

generation doubled between 1987 and 1997. Figure 19 shows the annual energy

consumption in Abu Dhabi. Comparison between different years loads shows that the

peak load is generally in the summer months (June- September, Figure 20).

The graph in Figure 19 shows that the sharp increase in electric use in June is not
continued during July and August. This can be mainly related to the social pattern of the

population in the UAE, since 75% of the population are foreigners who usually take their
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holiday during these two months. Many nationals also escape the heat of these two

months by taking a holiday abroad. As the total electric consumption in the city has a

strong relationship to energy consumption in buildings, social pattern is highly significant

to hourly consumption.
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Figure 19: The annual energy consumption and enthalpy in Abu Dhabi
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Figure 20: The hourly peak and minimum energy demand in Abu Dhabi in different years

The analysis of peak energy demand and electric loads during the years 1975 - 1997
shows a strong correlation between the increase in enthalpy (Figure 19) and the increase

In electric consumption. Previous studies for buildings in Abu Dhabi have proved that

the built up sector uses as much as 80.5% of the total electric consumption, with an

average of 44% being used for air conditioning (Elkadi et al., 1999).
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Figure 21: The hourly temperature for the peak and the minimum days

The disproportionate demand for electrical energy by residential buildings in the Gulf
region is due to high reliance on air conditioning systems for control of the internal built
environment. This is the result of the rapid development and increased affluence of
recent last decades, which subsequently led to the adoption of insensitive designs for

modern residential buildings and the use of inappropriate construction materials and
excessive glazing (Numan and Al-Maziad, 1998).

Figure 21 also shows a direct link between the electricity consumption in the city of Abu
Dhabi and the hourly temperature. The electricity consumption follows the same pattern.
This can be interpreted as indicating that the provision of thermal comfort requires a wide
use of air-conditioning in the city. When the minimum recorded hourly temperature 1s
considered, electricity consumption remains constant throughout the day and only
increases in the late hours when use for electric lighting takes place. This also stresses the
conclusion given in literature that 80% of the electric consumption in the city is related to

consumption in buildings. The figure shows a slight difference after 7:00 pm when use

for buildings and street lighting differs slightly from the temperature profile.

Consequent to the strong relationship between the city electrical consumption and air-
conditioning in the built environment, the expected increase in built-up area will result in

a major increase in electricity consumption. It is important to find out the role of the skin

which is this thesis particular interest in considering the energy consumption of buildings
in the UAE.
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2.4.3 The role of the building envelope in the energy performance of buildings

Elkadi ef al. (1999) simulated office buildings in Abu Dhabi, in order to establish the role
of the skin in the energy load of office buildings. Figure 22 shows that the skin of an

office building 1n a hot climate 1s responsible for about 30% of the building’s total energy

consumption.

This thesis takes Abu Dhabi prison buildings as a case study. It is hence important to

investigate the impact of the building envelope of prison buildings on their energy

consumption load.
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Figure 22: Different cooling load categories in office buildings

2.5 Thermal performance of fagades in prison buildings

Currently, there are three main prisons in Abu Dhabi Emirate, namely Al Wathba, Al-Ain
and Al Sader. With a design capacity of 570 inmates, Al Wathba aimed to host 500 male
offenders and 70 female offenders. Al-Ain prison is designed to host 200 male and 70
female inmates. Finally, Al Sader is built to accommodate 520 inmates, which are
divided into 460 male and 60 female inmates. It is worth noting that these prisons are not

air-conditioned and located in remote areas in the middle of the desert The exception 18

Al-Ain prison which is located in the town.

33



Unexpected increase in prisoner numbers has led to a major overcrowding problem in the
prison population of all Abu Dhabi prisons. Figure 23 shows that the inmate population
in Al Wathba increased by more than 300%. Al-Ain prison suffered a similar increase in
numbers with more than 280%. The prisoner population in Al-Sader has also increased
by 100 %. This boom in the inmate population of Abu Dhabi was recorded in 1995.

Inmate population 1s expected to have increased since then. There is, however no

available data after 1995.
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Figure 23: Abu Dhabi prison buildings population (design capacity and actual)

The change in prison population was not only in the numbers, but also in the inmates’
origins.  In the 1970s and 1980s, the prison population included hardly any UAE
nationals. Workshops and other facilities which were part of the prison buildings were
hardly used. Foreigners are usually deported back to their country of origins after serving
their sentences. Prison governors found it useless to put efforts into rehabilitating the

offenders, as they would not benefit the society in the UAE.

However the case has changed. The rapid changes in the prison population have been in
the types of prisoners, as well as their numbers. The number of local inmates is
increasing. Some fundamental new thinking has emerged about security and control

measures. This has resulted in a new design policy for prison buildings in Abu Dhabi.

The prison design brief that was prepared by the “Public Works Departments”™ 1n

conjunction with the “Ministry of Interior”, stated the main objectives of the prison

design as being;
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1. To provide closed institutions for different categories of offenders.

2. Consistent control of the offenders to avoid unwanted contact with members

of the community.

3. Standards of human decency.

4. Correctional treatment towards rehabilitation.

5. Division of accommodation into social units, thus ensuring a more effective

classification of prisoners.

6. Ease of supervision and administration, to minimise friction between prisoners
and staff.

7. A controlled environment with ease of access to all parts of the prison.

8. Accommodation sympathetic to the climatic conditions.

Among the host of considerations, which present themselves in the design of any
correctional facility, local climatic conditions are important. As a result of the severity of
climatic conditions, the importance of developing suitable interior spaces for programme

activities and functions becomes critical. In order to present a sympathetic response to
the climatic conditions, there is a need to provide air-conditioning. Achieving the third

and the eighth objectives would be impossible without the introduction of air conditioning

in prison buildings.

A prototype design has been developed in response to the previous objectives, which was
chosen as a model for all prisons in Abu Dhabi. It is, however, important to provide a

general background about the international prison design standards in relation to area per
inmate.

2.5.1 Comparison analysis between the international and the UAE prison buildings

In order to investigate the average floor area that each inmate needs, the plans of 33
prisons throughout the world in terms of their floor areas related to number of inmates
have been examined and analysed (Table 2). It is to be noted that the design and
planning of Abu Dhabi prisons was based on United Kingdom standards, suitably adapted

to local conditions. Therefore the UK prisons are treated individually and not included in

the European analysis.
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The area allocated for each inmate has a major impact on the overall energy requirements

2

in prison buildings. Decisions regarding how many m* are allocated per inmate are not

simple, and do not only depend on design requirements but rather on the penal philosophy
adopted in different cultures and different societies. The allocated area also relates to the
rehabilitation efforts, which will be discussed in chapter 5. The size of the institution also

plays a role in deciding the area per inmate.

In theory, the prison building size is inversely related to the area per inmate. The larger
the prison area is, the smaller the area per inmate would be. This is due to the presence of

common facilities at all prisons. It appears in Table 3 that this theory does not apply
accurately in the USA and Canada. Variations in standards between the respective

geographical regions should be therefore taken into consideration.
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Table 2: The International area per inmate analysis
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Table 3: The average area per inmate in different countries

Medium 500-

Country Small <500 1000

Large >10000

USA & 45 73
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s | Floor Area
Prison Name ' per inmate

Al Wathba /1988 570 26.078

Al Sader 520 28,393

Al Ain/ 1984 270 16,966
Central Prison/

Proposed 1200

Table 4 shows the three existing prisons in Abu Dhabi and the proposed Central Prison
project. Al-Ain 1s considerably smaller than Al Wathba and Al Sadar; consequently its
floor area per inmate 1s higher. However, the proposed prison building floor area per
inmate shows a large difference between international standards and the proposed design

(Table 2). Table 3 shows the dramatic increase of floor space per inmate, in the proposed
UAE prison. The prototype will be thoroughly examined in chapter 8 but it is difficult to
fully justify a three-fold increase on the average international standards. In Figure 24 the

different areas per inmate for the different prisons in UAE are illustrated. The figure also

shows the large difference between the floor area per inmate in existing prisons, and the

proposed air-conditioned one.

The following section investigates the energy performance of the proposed prison

building.
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Figure 24: The area per inmate in Abu Dhabi prisons

2.5.2 Energy performance of the proposed Central Prison in Abu Dhabi

This section investigates the implications that the introduction of comfort as a main

design factor will have for the design of the prison and the design of its fagade, in tumn.

The feasibility study that was conducted for the Central Prison project indicates that the
building was designed for 1200 inmates. The design is meant to be a prototype, to be
replicated in different Emirates. Thorough examination of the literature of the proposed
study showed that heating at night as well as cooling load during the day have been
considered and calculated in the new proposal. This leads to the conclusion that there

was no or little, attempt to use passive energy means such as the use of thermal mass, or
night cooling.

The cooling loads for the proposed central prison are assumed to be 4 MW, with 2 MW
for heating load. This will add up to a total of 230 KWH/m®. Table 5 shows the energy

per square metre needed for maintaining thermal comfort in different types of building, in
hot climates. It is clear from the table that the proposed prison cooling load is double the

load in a residential building and 33% higher than the annual load/m* in a hotel.
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Table S: Electrical use to maintain thermal comfort in different typology of buildings

['vpe of Building \(C Electncal use KWH/m-

Residential Villa

Oftice Building

The estimated prison population in the Emirates of Abu Dhabi 1s approximately 5000
prisoners. Table 3 shows that the international standard for average floor area per inmate
is 38 m>. According to the proposed design, the total energy required to provide air-
conditioning to all prisoners in the Emirates of Abu Dhabi should therefore be 43.7
GWH, approximately 0.6% of the total energy consumption in the Emirate of Abu Dhabi.
If the proposed 138 m” is to be adapted, this amount would escalate to 158.7 GWH, 2.6%
of the total consumption in the Emirate. As previously indicated, the building envelope 1n
a hot climate can be responsible for 30% of such energy consumption (Figure 22). For

prisons, this could be as much as 0.78 % of the total electricity consumption in Abu
Dhabi.
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2.6 Chapter conclusion

The building industry 1s a major sector for energy consumption in the Emirates of Abu

Dhabi. The energy consumption is not only limited to the direct cost of air conditioning

but also to the indirect cost and infrastructure required. In the developed world, buildings

are responsible for as much as 50% of the total energy consumption (Harris et al., 1998).
In the Emirates, this ratio can be much higher. Elkadi et al. proved that in the UAE the
building sector contribution i1s 80.5% of the total electric consumption, with 44% a direct
result of air-conditioning. As a result of the hostile climatic conditions in the Gulf area,
the building envelope has a major contribution to the energy requirement for air
conditioning, Elkadi et al. (1999) showed that the building’s envelope contributes to as
much as 30% of the energy required in buildings. In the light of the new policy to
increase the thermal comfort of the prison population, the role of the skin can be crucial
to the total energy consumption. The design of a prison fagade has specific
characteristics.  The development of prison fagade design and its relation to
environmental conditions is reviewed in chapter 4. Using expected energy consumption
per inmate, and the expected increase in floor area in relation to increasing prison
population and increase in comfort conditions, the expected total energy requirements for
air conditioning has been calculated. An amount of 43.7 GWH is expected, if the policy
of providing air-conditioning to all prison buildings to be implemented. This constitutes
0.6 percent of the total annual electric consumption in Abu Dhabi. The role of the
prison’s envelope can therefore be as much as 0.24%. Yik et al. (1998) shows that
appropriate design of the facade can reduce this amount by as much as 30%. An
approximate figure between 1.75 and 5.24 GWH could be saved if the thermal efficiency
of fagade were to be increased by 10 — 30% respectively. Such reduction could have
serious implications, not only for the Ministry of Interior’s budget for implementing this
policy but also on the total Abu Dhabi electricity production and infrastructure. The

savings could also positively contribute to a substantial reduction in CO2 emissions.
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3 Facade design and technology

3.1 Introduction

The aim of this chapter is to investigate the evolving configuration of fagade design in the

architecture of prisons. A deeper understanding of the historical background of this

development will help in identifying the variables that are more sensitive to

environmental forces, which manipulated and shaped such evolution.

The building envelope or skin comprises the outer elements of a building, including the
foundation, walls, roof, windows, doors and floors (ASHRAE, 1999a). The envelope of a

building, like the skin of a human body, is called upon to perform a multitude of

simultaneous functions in a relatively thin dimension. These can be divided into energy
related and non-energy related functions. In its role as a building fagade, the building
envelope often communicates important cultural and social information such as a sense of
grandeur or permanence. The fagade is the face of a building (Oxford, 1999). Hence, the
development of architectural movements has in many instances been manifested in fagade
design. Some have gone so far as to state that the history of architecture is virtually the

history of the skin of buildings (Tombazis, 1996). This chapter traces the development of
fagade design of prisons through history. The changing roles of fagades are investigated

and related to the various design movements.

The idiosyncratic character of prison buildings, which as illustrated in chapter four 1s
visible in facade design, varies from the more general facade design. When ancient man
searched for a shelter, fagades were perceived as shields from the evil represented in

natural forces. However when the use of prison buildings emerged, their fagades had a

reverse role. They shielded the outside from the evil inside, which is the human evil. It is

hence essential to trace the development of prison buildings fagade design in order to

1dentify the distinguished fagade variables of prison buildings.

A building envelope is not only a physical boundary between the indoor and the outdoor
environments, but also communicates important cultural and social information.
Providing clear definition of building envelope and fagade is an essential prerequisite to
the discussion to be carried out in this chapter. In literature, there are many different
definitions of building envelope, building fagade, and biological metaphors of building

skin. The first section of this chapter illustrates the different known definitions of the

42



building envelope, skin and fagade. The development of prison fagade design with links
to the increasing environmental awareness through history, is demonstrated in the second

section. The third section focuses the discussion on reviewing the development of prison

buildings fagade design in relation to sustainability and rehabilitation issues. The chapter

is summarised and its conclusion presented in the last section.

3.2 Facade definitions

Building skin, building envelope and building fagades are different terms used to label the
exterior elements of a building. This section illustrates the different definitions of these

terms. Firstly, it is important to highlight the differences, if there are any, between the

building’s envelope, skin and fagade.

3.2.1 Definitions

The Oxford dictionary of architecture offers two definitions for the envelope. The first
describes it as the “Outer part of a building enclosing the interior volumes”. The second
presents it as “light waterproof protective cladding, e.g. glass and metal frames,
protecting the structure, as in curtain-walling” (Curl, 1999). Powler and Kelbaugh (1990)
defined a “building envelope” to be any surface that separates the thermally conditioned
interior of a building from its environment. According to this definition, building

envelope includes roofs, exterior walls, floors, ceiling slabs and foundation walls.

In order to determine building requirements, the American Society of Heating,
Refrigerating and Air-Conditioning Engineers classified the building envelope into two

parts: the exterior plus the semi-exterior portions of a building. These classifications are
defined as:

“The Building envelope, exterior is defined as: the elements of a building that separate
conditioned spaces from the exterior. Building envelope, semi-exterior defined as: the
clements of a building that separate conditioned space from unconditioned space or that

enclose semi-heated spaces through which thermal energy may be transferred to or from

the exterior, or to or from unconditioned spaces, or to or from conditioned spaces”
(ASHRAE, 1999b).

Among the various building envelope definitions, the discussion by Stein and Reynolds

(2000) brought a new perspective to the subject. The authors rejected the general
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tendency to label the building envelope as a set of two-dimensional exterior surfaces.
According to the authors, the building envelope is more like a transitional space, ‘a
theatre where the interaction between outdoor forces and indoor conditions can be

experienced’. The most important point that the authors highlighted is the envelope’s

“fourth dimension”, that is time. Seasonal changes have a marked effect on the transition
space, which consequently have an effect on the environmental aspects of indoor spaces.

This dimension has a specific importance to the discussion of this thesis, which is

illustrated in chapter nine.

The recent introduction of “responsive” materials into the building envelope

construction, which is illustrated in detail in section 3.3.1.6, has encouraged using the
term “Skin” when discussing the building envelope and sometimes the building fagade.

In support of this approach Tombazis (1996) compared the skin of buildings to difterent

kinds of skins; of plants, animals and human beings. Tombazis stated four points that
relate animal skins to those of buildings. These points are: adaptation to the natural

environment and climatic conditions, variety and refinements related to different

conditions, adaptation to changing conditions of temperature and the resulting aesthetic
beauty.

In relation to human skin, Tombazis presented nine points of similarity to building skin.
Building skin like human skin is perceived as a dynamic and multi-functional enclosure.
They are both multi-layered. External factors, such as orientation, result in dissimilarity
between the different parts of a building skin. Like human skin, special features are
incorporated in building skins as a consequence of different needs. Building skin
regulates the amount of water and air penetrating or escaping the building, to maintain the
indoor air quality. The similarities exist in the tendency of building skin to shed its outer
part and 1n its self-healing process. The eighth point is seen in the ability of building skin
to perform as a generator of solar energy and other resources (e.g. water). The tendency
of the building skin to act as a seasonal and diurnal regulator of energy to 