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Abstract

The United Arab Emirates (UAE) has aligned its development polices and agendas with the United Nation’s Sustainable Development
Goals, a driver provided by the UN to contribute towards sustainability. As part of this commitment, sustainability in the construction
industry is continually evolving. The movement towards sustainability in construction is challenging in the UAE due to the climate, geo-
graphical location, economy and availability of natural resources. The UAE has therefore developed specific legislation requiring “green
construction”. Over and above the legislation, developers in the UAE recognise the value in achieving certified “green” credentials
through the adoption of optional sustainability assessments in their projects. Geotechnical engineering is a specific branch of civil engi-
neering focussing on soil-structure interaction and geotechnical input is required for the design and construction of almost every civil
engineering project. This study reviews the current mandatory regulations and practices, with respect to the input from geotechnical en-
gineering. It highlights that as a discipline there is little contribution towards sustainability and concludes that geotechnical engineering
can and needs to contribute more. Practical solutions to improve geotechnical engineering sustainability are proposed, as are opportuni-
ties for further research and development of geotechnical engineering sustainability.

Keywords: Engineering Sustainability; Geotechnical Engineering; Legislation; United Arab Emirates.

1. The United Arab Emirates

The United Arab Emirates (UAE) is a constitutional federation of seven Emirates; Abu Dhabi, Dubai, Sharjah, Umm al-Quwain, Ajman,
Ras al Khaimah and Fujairah. The two largest cities in the Emirates are the capital Abu Dhabi and Dubai with populations of around 1
million and 3 million respectively. The UAE is located in the North East of the Arabian Peninsula, sharing land borders with the King-
dom of Saudi Arabia and Oman and a maritime border with Iran (Fig. 1). With a population of almost 10 million, a diverse economy and
two of the most prominent cities in the Middle East (Abu Dhabi and Dubai), the UAE is a regional and global economic centre.
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Fig. 1: The United Arab Emirates and Its Principal Cities.
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The construction sector contributes 10% of the Gross Domestic Product (GDP) of the UAE (United Arab Emirates Ministry of Economy,
2017). Investment in construction forms a consistent part of government spending with billions of dollars ear-marked for projects such as
Etihad Railway and Dubai’s World Expo 2020.

The UAE has over 200 buildings taller than 150m (considered to be minimum height to be defined as a skyscraper) and Dubai ranks as
third in the world by number of constructed buildings which are 150m high or taller (Council on Tall Buildings and Urban Habitat).

The UAE has a desert climate, with high temperatures in the summer (average maximum temperature is 45.0 degrees Celsius) and rela-
tively high temperatures in the winter (the minimum average temperature is 13.0 degrees Celsius) (Statistic Centre Abu Dhabi). Typical
average monthly rainfall varies from Omm in the summer months to 13mm in the winter months (Statistic Centre Abu Dhabi).

The combination of high temperatures and low rainfall, in conjunction with wind speed and blowing force, results in scarcity of natural
water resources. Water resource management is critical in the UAE and the Middle East in general (Jowitt, 2004). Water supplies and
access to equitable water forms part of national strategy, such as the UAE Water Security Strategy 2036 (United Arab Emirates Water
Security Strategy).

The World Wildlife Fund (WWF) issues the Living Planet Report “to show the state of the natural world”. In the 2006 report (World
Wildlife Fund, 2006), the United Arab Emirates had the largest ecological footprint per person, per country, in the world, predominantly
because of its carbon emissions. In 2010 (World Wildlife Fund, 2010), the United Arab Emirates had reduced it per capita ecological
footprint but was still the third highest in the world (behind its Middle Eastern neighbours, Kuwait and Qatar). In 2016 the report high-
lighted that the United Arab Emirates is still amongst the countries with the highest footprint (World Wildlife Fund, 2016).

2. Sustainability

Sustainability is defined as “the ability to be maintained at a certain rate or level” (Oxford Dictionaries). Its use has become widespread,
in all walks of life, as the understanding grows that the Earth’s resources are finite whilst, at the same time, the desire for better property
and possessions is growing. Earth’s resources are being consumed at an ever-increasing rate without the ability to increase the Earth’s
resources and the effect on the planet is well documented (e.g. in the Living Planet Reports (WWF, 2016)). lai (2011) proposed that
“global sustainability is the greatest long-term challenge of our time” and recent reports from WWF suggest that this may be the case.
The demand for environmentally friendly and sustainable alternatives is rising. This is evident in all sectors and civil engineering is no
different.

3. Sustainable development

Sustainable development as a concept grew from the ever increasing realisation that population growth, industrialisation and resource
depletion were having short-term impacts and long-term implications on the environment. It is now understood that these implications
are a reduction in the quality of life, through increased pollution, lack of natural resources and loss of biodiversity.

The United Nations (UN) brought sustainable development into the public sphere in 1987 with the publication of the Brundtland Report
(Brundtland, 1987). The report defines sustainable development “as development that meets the needs of the present without compromis-
ing the ability of future generations to meet their own needs”. As the world has changed since 1987, so have the objectives of the UN. In
2000, eight Millennium Development Goals (MDG) were agreed by the UN Member States. One of the goals was to ensure environmen-
tal sustainability. The current 2030 Agenda (United Nations, 2015) has identified 17 Sustainable Development Goals (SDG). The SDG
are an update of the MDG and have identified new priorities such as climate change, innovation and sustainable consumption.

4. Engineering sustainability

Civil engineering is the process of designing, constructing, managing and operating projects such as airports, roads, buildings and tun-
nels. The Institute of Civil Engineers (ICE) classifies civil engineering as “everything you see that’s been built around us”. Consequently,
it is easy to understand that all civil engineering projects have an environmental, social and economic impact (the traditional three com-
ponents of sustainability).
Civil engineering sustainability is the process of taking into consideration the impact of civil engineering projects in the design, construc-
tion, management and operating phases. Civil engineering sustainability is therefore fundamental to achieving the UN Sustainable De-
velopment Goals (SDGs) (United Nations, 2015).
The key SDGs, with respect to civil engineering, are:

e  Goal 6: ensure availability and sustainable management of water and sanitation for all
Goal 7: ensure access to affordable, reliable, sustainable and modern energy for all
Goal 8: promote sustained, inclusive and sustainable economic growth, full and productive employment and decent work for all
Goal 9: build resilient infrastructure, promote sustainable industrialisation and foster innovation
Goal 11: make cities inclusive, safe, resilient and sustainable
Goal 12: responsible production and consumption
Goal 13: take urgent action to combat climate change and its impacts
In much the same way that lai (2011) identifies global sustainability as the biggest challenge of our lifetime, Pantelidou et al., (2012)
identify that sustainability is the biggest challenge facing engineering in our lifetime.

5. Sustainability assessments

Internationally, civil engineering has adopted various drivers and methods to improve the performance of sustainability for projects. Typ-
ical drivers and methods are local legislation, project requirements or by applying sustainability assessment, rating and award schemes
(hereafter referred to as “sustainability assessments”).

Sustainability assessments is the process of evaluating how sustainable a project is. Most sustainability assessments are applied by an
independent third party which acts as an assessor. The assessor applies the chosen sustainability assessment framework to evaluate the
projects sustainability performance whilst identifying areas of improvement. Frameworks covers a range of categories depending on the
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type and scope of the project, location and the specific requirements of the chosen sustainability assessment. Example categories include
water, energy and materials. Once the sustainability assessment is completed a score that reflects the project sustainability performance is
awarded. By awarding a performance rating it is hoped that each project will strive for the highest award and therefore the highest level
of sustainability.

A companion paper (Sochanik, 2020) provides a detailed description of the various sustainability assessments in use in the UAE.

6. Civil engineering sustainability in the UAE

Shareef and Altan (2016) highlight the need for local sustainability practices so that the local conditions, regulatory requirements and
construction practices are taken into consideration and building performance is increased. This is especially true in the UAE with an ex-
treme climate and the construction of mega structures.

The Emirates of Dubai and Abu Dhabi have developed local sustainability programmes and assessments, focussing on the challenges and
opportunities specific to the region. Ras al Khaimah is currently piloting sustainability regulations with the aim of being mandatory in
2020. Sustainability regulations require significant input from civil engineers.

6.1 Abu Dhabi — Estidama

The Estidama system is one of the foundation blocks of Abu Dhabi’s Vision 2030, having recognised that “the UAE has almost the high-
est rate of energy consumption per person in the world (UPC, 2010)”. Estidama, which is the Arabic word for sustainability, iS an initia-
tive to promote sustainable design and construction in the built environment. Implemented in 2008, it is an initiative that provides re-
sources and procedures, as well as more traditional sustainability assessments, to promote sustainable development.
One initiative within Estidama is the Pearl Rating System. The Pearl Rating System is a sustainability assessment and was designed to
ensure sustainability throughout the construction life cycle (from design through construction to operation) for buildings, communities
and villas. It has been mandatory for all new buildings in the Emirate of Abu Dhabi since 2010.
The Pearl Rating System (PRS), as a sustainability assessment, can be used on three types of projects:

e Pearl Community Rating System: Planning

e  Pearl Building Rating System: Design & Construction

e  Pearl Villa Rating System: Design & Construction
After each assessment, a number of Pearls is awarded, based on the project’s sustainability rating. One Pearl is the lowest rating and Five
Pearls is the highest. Minimum Pearl ratings are required for different structures (for example, Mosques must achieve a minimum of Two
Pearls).
Estidama is applied only to buildings, communities and villas. At present in the Emirate of Abu Dhabi there are no other mandatory local
sustainability assessments, notably for sustainable infrastructure (rail, maritime or roads projects).

6.2 Dubai - Green Building Regulations and Specification

The Emirate of Dubai incorporated the Green Building Regulations and Specification (GBRS) in 2009. The aims of the regulations were
to save energy and water and lower CO2 emissions. The regulations are focused on:

Envelope Efficiency

Cooling System

Water Use

Indoor Environment Quality

Energy Efficiency

Site Heat Island.

It is recognised that the GBRS is not an assessment (i.e. no classification/award is given) but provides regulatory requirements to be fol-
lowed to meet the green building standards.

Some examples of the minimum requirements include that building materials contain at least five percent (5%) recycled content and at
least five percent (5%) of the total volume of materials used are to be regionally sourced (Dubai Municipality, 2011).

6.3 Dubai - Al Safat

Dubai has built on the initial foundations set by the GBRS and produced a sustainability assessment called Al Safat. New buildings in
Dubai are required undertake the Al Safat assessment, those that don’t meet the minimum standard will not receive a building permit. A
minimum level of sustainability is therefore required for every new building in the Emirate of Dubai (Dubai Municipality, 2017).
The categories assessed by Al Safat:

e Ecology and Planning

e Building Vitality

e Resource Effectiveness: Energy

e Resource Effectiveness: Water

e Resource Effectiveness: Materials and Waste
The rating system classifications are platinum, gold, silver and bronze.
Currently, the mandatory sustainability requirements are only for villas and buildings. The requirements do not extend to the other facets
of civil engineering such as roads, ports or rail.

6.4 Ras al Khaimah - Barjeel

Ras al Khaimah is the latest Emirate to adopt civil engineering sustainability through the RAK Energy Efficiency and Renewable Energy
Strategy 2040. In 2019, the first green building regulations, Barjeel, were adopted to provide more sustainable buildings, communities
and cities (Government of Ras al Khaimah, 2019).

The regulations are split into five categories:
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Energy efficiency
Water efficiency
Renewable energy
Material & resources
Comfort & well-being
e Barjeel initiative is not am assessment but a set of minimum regulations that must be met in design and construction.

> e e o o o
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6.5 The Other Emirates

In the remaining Emirates there are no specific sustainability practices. Any Emirate(s), Client or project may adopt best international
practice but there is no mandatory requirement.

7. Geotechnical sustainability

7.1 What is Geotechnical Engineering

Krynine and Judd (1957) describe geotechnics as the application of earth sciences to the solution of civil engineering problems. Practical-
ly, it is the engineering of interactions with the ground (whether that is from a structure, groundwater or from other soils). It has devel-
oped into a specialist branch of civil engineering as the understanding of the impact of ground conditions has grown. Although initial
geotechnical engineers were expected to only provide information on foundation materials, it now encompasses a wide range of applica-
tions:
e  Ground investigation
Ground characterisation
Foundation design
Temporary excavation solutions
Grouting design
Geotextiles
Ground anchors design
Retaining walls
Tunnels
Earthworks
Slope stability
e  Ground improvement
For the context of this paper geotechnical engineering is considered to include all the standalone aspects of geotechnical engineering
defined above as well as foundation design (piles and shallow footings) which may form part of the structural design submissions (espe-
cially in the UAE).
Geotechnical engineering has also branched into specialist engineering disciplines:
e Instrumentation and monitoring
Contaminated land remediation
Dewatering
Seepage analysis
Geophysical surveys
e  Energy geotechnics
Energy geotechnics (hydro-storage, geothermal piles, ground loop heat exchange, heat loss/gain of underground structures, carbon stor-
age etc.) in particular requires specialist knowledge.

7.2 What makes Geotechnical Engineering a fundamental element of Civil Engineering

Geotechnical engineering is a vital component of civil engineering. Its importance is perhaps best illustrated by a quote from the Interna-
tional Society for Soil Mechanics and Geotechnical Engineering (ISSMGE) “anything that is not supported by soil or rock either floats,
flies, or falls down”. An in-depth understanding of ground behaviour is fundamental to design safe and optimal solutions for all geotech-
nical elements. The field of geotechnical engineering also accounts for the influence of groundwater conditions on design and construc-
tion. Lastly, geotechnical engineering is required as part of the design regulations to be carried out on civil engineering projects. These
examples all illustrate the critical element that geotechnical engineering is of civil engineering.

It is estimated that site investigation costs are around 0.1% of the overall build cost, yet ground related problems typically account for
about one-third to one-half of construction programme over-runs (Butcher et al., 2006). Ground works, including foundation construc-
tion, are often on the critical path for programming. Delays during this stage easily disrupt the construction programme.

7.3 Why embedding sustainable solutions with Geotechnical Engineering is critical

Soil in one form or another covers most of the surface of the planet yet geotechnical sustainability does not seem to be a big factor in
global sustainability (lai, 2011).
Geotechnical engineering needs to be involved in sustainability for the following broad reasons:

Geotechnical engineering is required on almost every project

Civil engineering projects, be that buildings, infrastructure or masterplanning, almost always require geotechnical input into design and
construction. Although there are many applications where geotechnical engineering is a standalone discipline (for example in a slope
instability and remediation project) the majority of projects require interaction with other disciplines. Typically, the management and
design focus is not led by geotechnical engineers.
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There is, therefore, a need for geotechnical engineering to contribute towards sustainable solutions in the wider project context (Basu et
al., 2015).

Geotechnical engineering input is typically required at the start of the project where the scope to embed sustainability is at its largest
It is well documented that to have the most sustainable project, sustainability must be considered at the very beginning of the project
(Pantelidou et al., 2012). Geotechnical engineers are, by virtue of being the first design element in a typical construction project, in a
unique position to make a significant contribution to the sustainability of construction projects.

Geotechnical engineering encompasses a wide variety of applications

The wide range of geotechnical applications means that the approaches to design, construction, procurement and management on every
project vary. The requirements for slope stability are very different from tunnel construction which is again different from permeation
grouting for waterproofing projects. The range of applications described in Krynine and Judd (1957) is still valid and has only increased
with innovations in design and construction in geotechnical engineering.

Ground works often involve a significant quantity of natural materials

Chang et al., (2016) estimate that geotechnical applications are responsible for approximately 2% of the total CO2 emissions by cement
(data from 2011). Chang et al., (2016) also highlight that cement related CO2 emissions are rising.

In addition, geotechnical applications also require a wide variety of other resources including steel, petrol, imported soils and rocks,
chemical compounds and plastic.

Geotechnical construction is currently not sustainable

Geotechnical construction, such as piles, foundations, retaining walls and tunnels, require a large quantity of non-renewable energy and
material resources (cement, steel etc.). Furthermore, there is also generation of wastes and other environmentally damaging by-products,
high usage of energy to create construction materials and emissions of harmful gases by machinery (lai, 2011). This problem is exacer-
bated as it occurs during material production, transportation and construction

At present, geotechnical engineering practices are not sustainable (Basu et al., 2015). It is therefore apparent that current geotechnical
practices must change to be more sustainable.

Geotechnical engineering sustainability and its importance has been stressed by several authors (e.g. Shillaber 2016; Fragaszy et al.
2011; Mitchell and Kelly 2013). Geotechnical engineers must embrace the sustainability challenge, if not take a leading role, as there is
an opportunity to make a significant contribution to the environmental impact, energy consumption and resource depletion of civil engi-
neering projects.

8. Sustainability strategy of the UAE

The UAE Government has made sustainable development a priority, identifying it as one of six pillars which form part of its National
Agenda in line with Vision 2021 (United Arab Emirates, 2010). The goal of protecting the environment while maintaining social and
economic development is monitored and the progress made by the UAE is analysed.
The UAE has initiatives to diversify the GDP and have launched the Green Economy initiative as part of the Vision 2021 plan. Under the
initiative “the UAE seeks to become a global hub and a successful model of the new green economy, to enhance the country's competi-
tiveness and sustainability and preserve its environment for future generations.”
In addition to the National Agenda, the UAE has federal policies and initiatives which were implemented to encourage sustainability and
achieve the Sustainable Development goals, as set out in the UN 2030 Agenda. Some examples include:

e  Abu Dhabi Environment Vision 2030

e Dubai Clean Energy Strategy 2050

e  Sustainable cities
As shown in the implementation hierarchy in Fig. 2, worldwide policies such as the Kyoto Protocol have the greatest impact on sustaina-
bility. This is because countries, companies and people must follow these policies. National policies, either determined by worldwide
policies or by any Government’s own initiative, have the second greatest impact as they can influence federal policies and Client re-
quirements. Although company and individual actions are important for sustainability, they have the least impact.

Fig. 2: Hierarchy for Successful Implementation of Sustainability.
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9. Assessment of existing geotechnical sustainable practices in the UAE

In the United Arab Emirates, the legislative requirement to consider sustainability in a civil engineering project is limited to the mandato-
ry regulations (e.g. Al-Safat), in certain Emirates (e.g. Dubai), and for certain engineering sectors (e.g. for building, villa and community
projects). However, this is not the case in other countries (assessments are optionally used), so the UAE can be considered to be proac-
tive in civil engineering sustainability. The number of civil engineering projects which are certified with a non-mandatory assessments in
the UAE (e.g. LEED (USGBC, 2014)) is also relatively high (though the number of civil engineering projects in the UAE is also relative-
ly high). It is evident that there is a desire to improve sustainability in civil engineering projects in the UAE from the Government and
Clients.

In the wider civil engineering context there are a large number of projects which do not fall into the mandatory requirements for example,
ports, bridges, roads, tunnels, oil and gas plants, airports etc.

Currently there are no sustainability initiatives focusing on geotechnical engineering in the UAE. As a result, for geotechnical engineer-
ing to make an impact it must be included within the mandatory assessment or, if the Client has requested for an optional assessment,
international certification.

The Government as an informed Client does not currently assess the contractor / designer credentials when tendering work. Furthermore,
there is little emphasis on sustainability in the design and construction of projects which are not included in the mandatory regulations for
sustainable design.

10. Proposed practical solutions for geotechnical engineering sustainability

It is clear from the UAE policies (such as Vision 2021 (United Arab Emirates, 2010)) that there is both significant proposed investment
in buildings and infrastructure and an appetite for sustainable development. There is a need for further efforts towards engineering sus-
tainability and geotechnical engineering can contribute.
The fact that civil engineering sustainability is mandatory within the Estidama and Al Safat initiatives shows the UAE is proactive how-
ever:

e  Sustainability needs to be promoted on all projects, not just those that fall into the current mandatory regulations

e Not all of the Emirates have sustainability regulations

e More initiatives could be developed to cover more types of projects
Increasing civil engineering sustainability will in turn open up further opportunities for geotechnical sustainability.
Geotechnical sustainability in the United Arab Emirates, as a discipline specific element, is not developed. Geotechnical sustainability is
not a common consideration worldwide, so it is unsurprising that there are no initiatives in the United Arab Emirates. The opportunities
for geotechnical engineering to contribute to a sustainable project, within the current regulations, are limited. As a consequence, there are
opportunities to develop geotechnical sustainability:

e  Promote geotechnical sustainability from project inception and to all stakeholders

e  Consider earthworks management

o Develop geotechnical categories within the current assessments or develop specific geotechnical assessments
Fig. 3 presents the overall proposal to firstly improve civil engineering sustainability then improve geotechnical sustainability.

EXISTING UAE STRATEGY NATIONAL POLICIES EXISTING TOOLS SUSTAINABLE CITIES

CIVILENGINEERING an ) ADOPT / DEVELOP ANDATO
SUSTAINABILITY e 00 00

GEOTECHNICAL o . D OP GEO
SUSTAINABILITY R

Fig. 3: Proposal to Increase Sustainability Across the UAE.
Promote sustainability on all civil engineering projects

The National Climate Change Plan of the United Arab Emirates (United Arab Emirates Ministry of Climate Change & Environment,
2017) recognises that “the future of the country is contingent on our ability to manage our national resources with wisdom and keenness
on the interests of the future.” Managing resources needs to be the aim across all projects. The first major change that could be made to
deliver more sustainable projects is to promote sustainability on all civil engineering projects (small and large, single and multi-
discipline, within and outside the current sustainability assessments).

In the United Arab Emirates Sustainability Strategy section, it is highlighted that setting national policies is one of the most effective
ways of implementing civil engineering sustainability. The emphasis is therefore on the Government to demand sustainability from the
tender stage, through design and construction and finally during operation.

Promote geotechnical sustainability
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Geotechnical engineers need to take the lead in educating project managers, architects, sustainability consultants, Clients etc to have a
better understanding of the work done by geotechnical engineers and our importance to sustainability. It is an engineer’s responsibility to
persuade the opinion formers that they interact with — especially our Clients — to adopt new approaches to their development projects.
Geotechnical engineers, like all stakeholders, have the greatest chance to improve sustainability if they are engaged early in the project.
Inclusion of geotechnical engineers in the integrated development team needs to be mandatory.
Although foundations and substructures have the largest potential to improve sustainability, all elements of geotechnical engineering can
contribute to sustainable projects:

e  Reducing water consumption during construction

e Reducing materials used, especially in the construction phase

e Recycling of earthworks materials for fill and landscaping

e Reducing construction and demolition waste

Change the way projects are awarded and success evaluated

Every Client could implement small but significant changes to improve project sustainability:
e Atthe tender evaluation stage (during contract award for lead designer and contractor):
Request examples of previous sustainable practices
Add sustainability as a criterion when evaluating tenders and awarding contracts
Request sustainability updates during the design and construction
Set minimum sustainability requirements (which could match the assessment requirements)
Promote and accept innovation
Judge project success on the environmental outcome (in addition to time and cost)
If at the tender stage, the main criteria for a successful bid is the lowest price, then there is already an opportunity missed to embed sus-
tainability into the project.
In a similar way, if Clients only consider success in terms of meeting the programme and budget, then the opportunity to explore sustain-
able options and maximise the potential for sustainability is diminished.

Work in conjunction with Contractors

Contractors and consultants (including geotechnical engineers) need to be working together to evaluate alternative solutions and to de-
velop the practical use of new and non-traditional materials (e.g. recycled materials, typically unsuitable materials etc). By working to-
gether, a design that works in construction can be achieved. It is up to both Geotechnical Engineers and Contractors to push the design
boundaries.

Sustainability assessments

Sustainability assessments are adopted internationally to improve the sustainability performance in engineering projects and the UAE
have followed suit. Nonetheless, there are many opportunities to develop the assessments to increase the contribution from sustainable
solutions embedded in geotechnical engineering to help improve the sustainability performance of projects.
A companion paper (Sochanik, 2020) provides a detailed assessment of how sustainability assessments in the UAE could be adopted,
improved or developed. The opportunities are broadly categorised as:

e Make assessments mandatory in all Emirates (for example, Sharjah)
Adopt assessments for all projects (for example, ports and tunnels)
Further develop local assessments
Encourage inclusion of geotechnical sustainability within the current assessments
Adopt standalone geotechnical assessments (for example, in geotechnical engineering this could include embankments and cut-
tings, especially with retention systems)

11.  Areas for further research and development

The author has focused on a specific part of sustainability in the UAE, namely the current legislative requirements, to assess the contribu-
tion of geotechnical engineering to sustainability.
Within any project there is the chance to exceed the minimum sustainability targets, if the will and desire is there. In any typical design
cycle there are four stakeholders, each with a specific, important and necessary role to play to increase sustainability in projects:

e  The Client (including the Client’s engineer)

e The Engineer (including the lead designer, independent checker, etc.)

e  The Contractor (including all sub-contractors)

e  The Approval Authority
The current status of each of the project stakeholder’s contribution to sustainability needs to be assessed. This would allow the con-
straints to be understood and potential opportunities to be explored.
Within the UAE, the adoption and development of sustainability assessments offer a significant opportunity to enhance the sustainability
of projects. This is true of both engineering in general and geotechnical engineering. If the UAE is to continue promoting sustainability
as a national agenda then they need to lead the field in ensuring all projects are working towards sustainability. Internationally there is a
need to review the assessments to further include geotechnical engineering. There is also opportunity for an academic review into
standalone geotechnical assessments.
There are many definitions of sustainability and it is recognised that there are many more aspects that can be considered. For example,
there is potential to develop techniques to deal with resilience and adaptability — consideration of future scenarios so that sustainability is
considered in the long term, even if the immediate design choice is not the most sustainable option in the short term.
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Finally, there is significant research into sustainable materials and procedures in academia. Methods to expedite these sustainable meth-
ods into civil engineering projects need to be addressed. Civil engineers are notoriously slow at adopting change and moving away from
the “industry practice” status quo.

There are a wide range of opportunities for further research as it is recognised that there is no single right answer to achieving sustaina-
bility (Jowitt, 2004). Each single action taken towards achieving the goal will be beneficial.

12. Conclusion

The United Arab Emirates has successfully incorporated sustainability into legislation and national policy, including in the construction
industry. That said, geotechnical sustainability has not made the same progress as it is often been overlooked within civil engineering
sustainability.

Geotechnical engineering is required on almost every project, it encompasses a wide variety of applications and involves a significant
quantity of natural materials. Geotechnical engineering must, therefore, form part of every construction project’s sustainability execution
plan. Furthermore, geotechnical engineers must take the lead in developing their own capabilities, driving sustainability measures and
informing Clients.

Practical solutions to improve geotechnical sustainable practices in the UAE have been presented; from adaption of the current legisla-
tion and policies through project award and promoting geotechnical sustainability on all projects.

In addition to the practical solutions proposed, areas for further research have been identified, all of which can help towards fully inte-
grating geotechnical sustainability in the UAE (and further afield).
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