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IN SPITE OF THE ECONOMIC AND SOCIAL CONTRIBUTIONS OF THE

CONSTRUCTION INDUSTRY (CI) IN TERMS OF ACHIEVING NATIONAL

Research paper AND INTERNATIONAL DEVELOPMENT PLANS, OFFERING EMPLOYMENT

OPPORTUNITIES, INCREASING GROSS DomeEesTic PropucT (GDP) As

WELL AS PROVIDING COMMUNITY MEMBERS WITH BUILDINGS AND

INFRASTRUCTURE PROJECTS THAT MEET THEIR NEEDS AND FULFIL

THEIR REQUIREMENTS, IT HAS A MAJOR IMPACT ON THE ENVIRONMENT.

The construction industry is a very large consumer of non-renewable

resources. In addition, it is a significant source of waste and pollution

of air and water as well as an important contributor to land dereliction.

Furthermore, it is responsible for 50% of the material resources

taken from nature, 40% of energy consumed and 50% of total waste

generated. Towards saving the planet, it became crucial to stop the

depletion of the natural capitals of the earth thorough developing

creative and innovative solutions that achieve the objectives of present

generations without compromising the ability of future generations to

Construction, Case Studies, meet their own needs. This paper aims to investigate the role of Lean

Egypt Principles (LPs) as an innovative approach for achieving sustainability

in the Egyptian Construction Industry (ECI). Towards achieving this

aim, a research methodology consisting of literature review, case

studies and survey questionnaire, is designed to accomplish five

objectives. Firstly, reviewing literature related to sustainability, (LPs)

and highlighting their relationship as well as discussing the ability of

(LPs) to achieve sustainability objectives. Secondly, presenting and

analysing four case studies benefited from applying (LPs) to deliver

sustainable projects. Thirdly, presenting and analysing results of a

survey questionnaire directed to a sample of Egyptian Construction

Firms (ECFs) to investigate their perception and application of (LPs)

towards achieving sustainability objectives. Fourthly, developing a

conceptual framework to promote the use of (LPs) as an innovative

tool for achieving sustainability in (ECI). Finally, summarising research

conclusions and recommendations useful to governmental authorities
and construction professionals.
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INTRODUCTION

In terms of its activities and outputs,
the (Cl) represents an integral part of
the social development and economic
growth of both developed and devel-
oping countries (Field and Ofori, 1988;
Mthalane et al., 2007). Socially, it aims
to fulfil community needs through pro-
viding users with facilities for hous-
ing, education, culture, medication,
business, leisure and entertainment.
In addition, it constructs infrastructure
projects comprising roads, water and
electricity stations as well as telecom-
munication networks to enable these
projects to perform theirintended func-
tions effectively (Friends of the Earth,
1995). Economically, Lowe (2003) stated
that the value added of construction to
the country’s Gross Domestic Product
(GDP) is in the range of 7% to 10%
for highly developed economies and
around 3% to 6% for underdeveloped
economies. The construction outputs
can be classified as a major component
of investment and part of fixed capital;
both are essential factors fora continu-
ous economic growth. Furthermore,
governments frequently use the (Cl) as
a driver to manage the local/national
economy through increasing public
expenditure to overcome the impact
of recession and decrease the ratio
of unemployment (Ball and Wood,
1995). On the other hand, the (Cl) is
criticised for having negative impacts
on the environment. It is a very large
consumer of non-renewable resources,
a substantial source of waste and pol-
lution to air and water. According to a
study conducted by the U.S. Energy
Information Administration (EIA) in
2011, the building sector consumes
nearly half (48.7%) of all energy pro-
duced in the United States. Globally,
these percentages are estimated to be
even greater (Architecture2030, 2011).
Furthermore, the (Cl) is responsible for
generating most of the CO2 emission
worldwide. The increasing concerns
towards saving the environment,
minimizing waste and using natural
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resources efficiently called for the (Cl)
to be more sustainable. Greatimprove-
ments have been observed in manu-
facturing, especially lean automobile
industry which uses about 50% of man-
ufacturing space, human effort in fac-
tories, product development time and
investments in tools (Koskela, 2004).
These improvements were the result of
the development and implementation
of a new production philosophy called
“Lean Production”. This philosophy
aims to avoid waste of time, money,
equipment, effortand improving value
through employing and combining
existing approaches such as Just in
Time (JIT), Total Quality Management
(TQM), time-based competition and
concurrent engineering (Melles and
Wamelink, 1993). Adopting the “Lean
Production” philosophy is expected
to bring a revolutionary change to the
way of work in every industry. In con-
struction, lean production has been
adopted relatively quickly by contract-
ing companies which are keen to reduce
waste in their construction projects.
Even if only a small fraction of the
gains observed in manufacturing were
realised in construction, the incentive
to apply these concepts would be tre-
mendous (Emmitt et al., 2004). Hence,
this paper aims to investigate the role
of (LPs) as an innovative approach for
achieving sustainability in the (ECI).

Research Methodology
In order to achieve the aim of this

research, aresearch methodology, con-

sisting of literature review, case stud-
ies and survey questionnaire, is devel-
oped to accomplish five objectives.

1. Building a comprehensive back-
ground of the research topic by
investigating the concepts of sustain-
ability and (LPs), highlighting their
relationship as well as discussing
the ability of (LPs) to achieve sus-
tainability objectives. This objective
was achieved through conducting an
in-depth literature review depending
on textbooks, academic journals and

3.

professional magazines, conference
and seminar proceedings, disserta-
tions and theses, organisations and
government publications as well as
Internet and related websites.

. Presenting and analysing four case

studies to explore how (LPs) were
applied to deliver sustainable proj-
ects. These cases were extracted
from literature review and covered
different project types in different
countries including: residential com-
plex in Brazil (Mota at al., 2005),
industrial house builder in Sweden
(Jansson et al., 2009), health care
facility in Canada (Breen, 2011)
and precast concrete production
in Singapore (Wu and Low, 2010).
Although there are many case stud-
ies about (LPs), the studied cases
were selected as they are focused
on applying (LPs) to achieve sustain-
ability objectives. They were selected
from different geographic areas,
with diverse scope, nature, size and
construction phases which helped
accomplishing the study objectives
and its argument. These case studies
were analysed qualitatively through
focusing on the application of (LPs)
towards achieving the objectives of
value, value stream, flow, pull and
perfection.

Presenting and analysing results of a
survey questionnaire conducted with
a sample of (ECFs) to investigate their
perception and application of (LPs) to
achieve sustainability in construction
projects. The survey questionnaire
consisted of two sections. The first
one aimed to collect generalinforma-
tion about the surveyed organisa-
tions to form a profile of these firms,
where the second section focused
on investigating how (ECFs) perceive
and apply (LPs) in order to deliver
sustainable projects. The second
section consisted of close ended
(rating questions of 1 to 5 and mul-
tiple choice ones) and open ended
questions. After the questionnaire
was developed, it was essential to
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test its effectiveness and identify
its problems. A preliminary test
was conducted with colleagues who
agreed to take the questionnaire and
answer the questions as if they were
received from someone unknown and
go through the questionnaire again
to point out any problem they noted
with questions. After going over the
responses of the preliminary test
and making changes, the question-
naire was ready for formal testing
(Baker, 1994; Czaja and Blair, 1996).
Towards increasing the reliability and
validity of the survey questionnaire,
content validity was used through
ensuring that the designed question-
naire was fully represent the under-
lying concepts of the subject being
studied (Baker, 1994). In addition,
a number of specialists were con-
sulted to assess the extent to which
the questions relate to the subject
being investigated (Nachmias and
Nachmias, 1996). Moreover, the same
criteria used to analyse the case stud-
ieswere also adopted when develop-
ing the survey questionnaire to help
creating a correlation between the
case studies and the survey ques-
tionnaire and their data analysis.

4. Developing a conceptual framework to
promote the adoption and application
of (LPs) as a powerful approach for
achieving sustainability in the (ECI).

5. Outlining research conclusions and
recommendations useful to govern-
mental authorities and construction
professionals towards achieving sus-
tainability through (LPs).

Sustainability

Background and Definition
Sustainability, in a broad sense, is
the capacity to endure. All the needs
of current and future generations for
survival and well being depend largely
on the natural environment, eitherin a
direct or an indirect way. Sustainability
aims to create and maintain the envi-
ronmental, socialand economic condi-
tions that allow humans to exist with
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nature in "productive harmony" in the
present and the future (USEPA, 2009).
Sustainability has become a wide-rang-
ing term that can be applied to almost
every facet of life on Earth, ranging from
a local to a global scale and over vari-
ous time periods. The existence of more
than 7o different definitions for sus-
tainability (Holmberg and Sandbrook,
1992) highlighted its importance and
illustrated the efforts made by different
academic and practical disciplines to
define and understand its implications
to their fields. However, all definitions
agree that it is of prime importance to
consider the future of the planet and
develop innovative ways to protect and
enhance the Earth while satisfying vari-
ous stakeholders’ needs (Boyko et al.,
2006). Scientific evidence showed that
humanity is living unsustainably. This
is obvious in the form of using non-
renewable resources, land dereliction,
waste generation, water contamination,
energy consumption, to name a few
(Othman, 2010). Returning human use
of natural resources to within sustain-
able limits will require a major collective
effort. Since the 1980s, sustainability
has implied the integration of environ-
mental, social and economic spheres
to meet the needs of the present with-
out compromising the ability of future
generations to meet their own needs
(World Commission on Environment and
Development, 1987).

Sustainability Aspects

Sustainability has three main aspects:

Environmental, Social and Economic.

The interaction between these aspects

generated three new aspects, namely:

Social-Environmental, Environmental-

Economic and Economic-Social (see

figure 1) (Rodriguez, et al., 2002).

P The environmental aspect of sus-
tainability focuses on using natu-
ral resources efficiently; reducing
waste, pollution, effluent generation
and emissions to the environment.
In addition, it aims to reduce the
negative impact on human health,
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encourage the use of renewable raw
materials as well as eliminate toxic
substances.

P A social sustainable society is one
that is fair and accomplishes social
justice when it comes to distribut-
ing its resources within itself. It is a
society that would not discriminate
in the rights of its individuals based
on their ethnicity, sex, religion, age
or social background (BenzuJK, 2011).
These rights, which lead to a quality
standard of living, include religious
rights, right to housing, right to
social security, right to work, free-
dom of speech, right to travel and
right to own property.

P A society with a high population
under the poverty line cannot achieve
sustainability as this is accompanied
by high unemployment rate, lack of
education and low quality health
care systems (Karlsson, 2009). An
economically self sustaining society
is one that is able to use the avail-
able resources efficiently to pro-
vide its individuals with their needs
without reaching out for help from
neighbouring societies or countries.
Towards developing an economically
sustainable society, public and pri-
vate sector has to play a role towards
investing in R&D, offering employ-
ment opportunities, increasing pro-
ductivity, escalating market share,
addingvalue, creating new markets,
reducing cost through improving effi-
ciency and reducing energy as well as
raw materials consumption.

6. The interaction between social and
environmental aspects generated a
new aspect which revolves around
the right of all individuals to have
a fair share of the natural resources
of the environment at national and
international levels. This ensures
that these environmental resources
are not exploited by a portion of the
society leaving the rest of the society
with needs that cannot be met by the
remaining resources.
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Social - Environmental
Environmental Justice
Natural Resources Stewardship
Locally & Globally
(air, water, land, waste)

Environmental
Natural Resource Use
Environmental Management
Pollution Prevention
(air, water, land, waste)

Sustainability
Social Economic
Standard of Living Profit
Educathn Cost Savings
Community ) Economic Growth
Equal Opportunity A

Research &
Development

Economic - Social
Business Ethics
Fair Trade
Worker's Rights

Figure 1. Aspects of Sustainability (Rodriguez, et al., 2002)

7. The economic—social aspect is the
result of the interaction between
economic and social aspects of sus-
tainability. This aspect focuses on
delivering economic sustainability
without compromising society needs.
This could be achieved through pro-
moting business ethics, ensuring fair
trade and preserving workers’ rights.
8. Theinteraction between environmen-
taland economic aspects of sustain-
ability generated a new aspect which
focuses on achieving environmental
objectives of sustainability in an
economic way. This requires the
reduction of unnecessary costs and
efficient use of energy and natural
resources. In addition, it offers sub-
sidies and incentives for encouraging
research centres and construction
organisations to develop creative
solutions to achieve economical
sustainable environment.

Lean Principles

By referring to Oxford dictionary (2010),
“Lean” means thin, lack in richness
and quantity, economical, sharp and
low content. The main idea beyond the
lean concept is to maximize custom-
er’s delivered value while minimizing
waste. The lean theory can be summed
up into five principles (Womack et al.,
2003; Brookfield, 2004; Bjornfot,
2006; Jansson, et al., 2009).

a) The Value principle focuses on identi-
fying customervalues and understat-
ing his/her requirements and con-
straints. In addition, it aims to define
theinternaland external factors that
may affect the customer decision and
find alternative solutions and most
appropriate way to fulfil customer
requirements at the most-cost effec-
tive manner.
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Environmental - Economic
Energy Efficiency
Subsidies / Incentives for use
of Natural Resources

b) The Value stream principle maps the

activities that, when done correctly
and in the right order, will produce
the product or service that achieve
the customer’s value. Activities
can be classified as (1) non-value
adding activities which should
be eliminated; (2) supporting the
value-adding activities that should
be reduced as far as possible; and (3)
value-adding activities which should
be continuously improved.

¢) The Flow principle aims to ensure that

flow of work is steady and without
interruption from one value adding or
supporting activity to the next. Flow
of work speeds the development pro-
cess and hence, every effort should
be made to eliminate obstacles that
prevent such flow.

d) The Pull principle establishes to pro-

duce only, products that have been
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Identifying the project customer and understanding his/
her values, requirements and constraints.

Removing or reducing the influence of waste as it is
observed.

Identifying the impact of internal and external factors that

Value affect the customer decision and looking for alternative
solutions that adapt to changes without losing much time,
money or effort.

Maximizing the utility/outcome and benefit
of the project.

Deciding the most appropriate way to deliver the
customer’s requirements.

Defining all activities and recourses required for
production.

Optimising work content through work standardization,
repetition and preassembly and pre-fabrication.

Value Stream

Defining and locating key component suppliers.

Organising and structuring job site materials, equipment,
tools, and resources for efficient project execution.

Adopting the concept of work sequencing, crew balancing
and work in progress reduction.

Reducing process cycle time through increasing work flow
and task organization.

Identifying key performance indicators and measuring
Flow performance

Posting relevant information concerning schedule, cost,
safety, and productivity about the job in a location that is
convenient for all managers and crafts.

Incorporating all aspects of just-in-time delivery and
minimising materials’ movement and relocation.

Keeping the production system flexible and adaptable to
customer requirements and future changes.

Exercising a conscious effort at shortening lead and cycle

Pull X
times.

Optimising work content through managing the impact of
design on the ability to achieve lean performance.
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Involving project participants through empowering them
towards delivering best value to the customer, reducing

waste and continuous improvement for organisational and X
project performance.
Training and educating project personnel to execute the X
designated role of delivering customer requirements.
Assimilating, retaining and transferring of knowledge
throughout the organisation to enhance continuous X
process improvement.

Perfection Taking corrective actions to respond to defects and X

retaining those solutions for use in the future

Obligating all levels of management and supervision
to the principles and practices of lean execution and X
continuous improvement.

Adopting the 5s’s (Separate/Scrap, Straighten, Scrub,
Sustain, and Systematize) to improve delivering lean X

projects

Documenting and understanding all critical work

processes performed by the project team.

Table 1. Relationship and Role of (LPs) towards Achieving Sustainability in the (CI)

ordered. In non-lean organisations,
work is pushed (i.e. the system pro-
duces outputs that are not required).
Most lean services react to customer
demand, adapt to his/her changes
and so pull the work through the
system.

e) The Perfection principle seeks to
deliver exactly what the customer
needs, when needed and at the most
cost-effective manner. In a perfect pro-
cess, every step is valuable-adding,
capable (produces a good result every
time), available (produces the desired
output, not just the desired quality,
every time), adequate (does not cause
delay), flexible, and linked by continu-
ous flow. If one of these factors fails
some waste is produced. Perfection is
ajourney of continuous improvement
and Lean organisations have to strive
for perfection and develop strategies
and procedures to set up quality con-
trols and achieve perfection.
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The Relationship and
Potentials of (LPs) towards
Achieving Sustainability in
Construction

Current generations have the right to
use the natural resources to achieve
their goals and meet their needs. But
using these resources inefficiently
compromises the ability of future
generations to meet their own needs.
Therefore, there should be a trade-off
between high comfort modern build-
ings versus resource consumption
and environment degradation. The (Cl)
needs to be more sustainable and learn
from other industries, such as manu-
facturing, that succeeded in maximis-
ing customer’s values and minimising
waste of resources, time and effort
(Williams, 2000; Huovila and Koskela,
1998). This will encourage the (CI) to
adopt (LPs) as a powerful approach to
increase its efficiency and effective-
ness. Analysis of the objectives of (LPs)
and aspects of sustainability enabled

JOURNAL

X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X
X X X X X

the authors, to generate a matrix to
explaintherelationship between both
disciplines and the role of (LPs) towards
achieving sustainability in construc-
tion (see Table 1). For example, through
applying the Value principle, proper
identification of the project customer
and understanding of his/her require-
ments helps the project team to deliver
a product that satisfies the customer
needs and reduces waste of materials,
time or effort. In addition, this helps
adapting to the internal factors (i.e.
changing customer needs) and exter-
nalfactors (i.e. global economic reces-
sion) that affect the customer decision.
Furthermore, the Value principle helps
select the most appropriate way to
deliver the customer requirements in
a lean manner. Another example that
explains of the role of (LPs) in achiev-
ing sustainability in construction is
the Perfection principle. This principle
focuses on empowering project teams,
training them to execute the designated
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Value

Recognising that Time
is the most important
value to the customer.

Completing the project
one month earlier which
allowed the investor to
recover his investment
sooner than expected.

Adopting the Line of
Balance (LOB) as a tool
to assure and maintain
continues work flow.

Motivating workers to
maintain and increase
their productivity rates
by providing incentives,
a win-win situation.

Analysing work flow
activities according to
the construction rate
that was defined in the
traditional model.

Ensuring and
maintaining workflow
through moving workers
who completed a
certain task in a unit to
do the same task in the
following unit until the
last house is finished.

Ascertaining that all

Reducing the waste
of environmental
resources as the firm
purchased only the
amount of materials
needed with minimal
leftover.

Developing a
procurement system
to alert the purchaser
when materials are
needed to ensure
that workflow is not

Improving
organisational
performance and
finding solutions to
problems through
encouraging workers
to contribute their
opinions towards
meeting their needs
and increasing work
productivity as well as
reporting any errors and

materials needed to

obstacles may arise.

disturbed because of

complete a certain task
are available at the
work stations before the
workers shifts’ begin.

deficiency of materials.

Table 2. Achieving Sustainability through (LPs) Application in the Residential Complex Project

role to deliver the customer’s product.
In addition, it helps improving perfor-
mance through adopting the appropri-
ate delivery techniques, assimilating,
retaining and sharing knowledge, cor-
rective actions and learned lessons.
Furthermore, Perfection principle
obligates all organisational levels to
execute (LPs) and practices and strive
for continuous improvement (Bjérnfot,
2006; Brookfield, 2004).

Barriers to Achieving
Sustainability in Existing
Construction Practice

The barriers to achieving sustainability
in the currecnt construction practice
are generally based on the nature of
the (CI) and the culture of construc-
tion professionals and project par-
ticipants. Basically, the existing (Cl)
is known for its chronic problems of
fragmentation, low productivity, time
and cost over-runs, poor safety, infe-
rior working conditions and insufficient
quality. In addition, the traditional
procurement approaches commonly

A. A. E. OTHMAN * M. A. GHALY *
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adopted in construction projects and
the involvement of multitude of vari-
ous project participants with diverse
objectives, skills and interests tended
to separate design from construction.
This separation obstructs contractors
from providing designers with con-
structive feedback and suggestions
for design improvement, which ulti-
mately hampers the development of
sustainable construction (Othman,
2011; Forbes and Ahmed, 2011). Other
barriers that hinder the inplmenta-
tion of sustainability in construction
include (Tomkiewicz, 2011).

P Market perception where no con-
sumer demand for such a product.
The (CI) is ultimately a business,
and like any other, it aims to satisfy
userdemand. Ifthereis no perceived
demand, builders are not motivated
to supply the product, unless per-
haps, out of a desire for environmen-
tal philanthropy.

P Information gaps, where there is
lack of clarity of the direction or

meaning of sustainability practices
among academics and construction
professionals.

P Lack of infrastructure, conflicts with
permits, code compliance, appraisal
and financing impede alternative
sustainable construction methods.

P Lack of commitment of architects and
contractors. Theiraim is to reduce ini-
tial costs and make a fast profit. With
limited architectural involvement, the
integration of whole design practices
and teaming required for a fullimple-
mentation of sustainability becomes
improbable. Additionally, it becomes
difficult to develop a communal
knowledge base, which extends
beyond individual properties.

Case Studies benefitted from
Lean Principles Application in
Construction

This section presents a number of
international best practice projects
to explain the role of (LPs) towards
delivering sustainable construction
projects.
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Establishing
organisational
strategies to focus on
meeting / exceeding

customer expectations. standardising

Focusing on the main
processes of the
project and reducing
effort invested in

Expediting flow of
information and
drawings in the design
process.

Facilitating the
production process and
making better use of
the short time allowed
for construction

Using visual planning,
checklists, templates
and quality routines
for following up

the development of

sub-tasks. Reducing the number of (4 weeks) through projects.
Creating value for the different software used streamlining the
customers by handling Optimising time and to save time and reduce  construction process
up to 6 projects in human resources in the amount of errors and information flow.
parallel with flexibility activities that bring an and damaged files when
in the design process economic value to the converting from one Using prefabrication
(see Figure 2). firm, and accordinglyto  format to the other. methods to reduce the
the society. percentage of error
Adding value for the Standardising on site that could
design team through processes to eliminate result in economic
conducting weekly unnecessary workloads  waste or a misuse
meetings and sharing and reduce the of environmental
of information with amount of re-work resources.
different project and materials as well
participants. as energy consumed
during producing faulty
Eliminating project products due to errors.
waste through
applying the concept of
constructability at early
stages of the project life
cycle.
Table 3. Achieving Sustainability through (LPs) Application in the Industrial House Builders
) i Arch Building: Info. | Volume ! o T ... Preparing _
Project1 — Sales B Design . Docum . Cons. . Activity . Activity . Activity . for prod. >
i Arch Building ! Info. ! Volume ! ! : : Preparing
Project 2 Sales Dwg | Design ! Docum | Cons. ! Activity | Activity | Activity forprod. [ >
i Arch Building : Info. :Volume : %~ © i Preparing
Project 3 Sales | Dwg Design | Docum ! Cons. . Activity Activity Activity ! for prod.
' o
Timeline

Figure 2. Design process illustrated in project and process based work (Jansson et al., 2009)

Residential Complex, Fortaleza,

Brazil

This is a residential complex proj-
ect constructed in the urban area of
Fortaleza, Brazil. It consisted of 18
houses financed by a private investor
and was constructed and managed by a
small-sized construction firm. Because
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of the gained benefits, the construc-
tion firm decided to go through the lean
path after completed this project. The
workers finished house (09) using the
traditional construction techniques and
then applied (LPs) to complete the rest
of houses (Mota at al., 2005). Table (2)
summarises the contributions of (LPs)

towards achieving sustainability objec-
tivesin the residential complex project.
Results of applying (LPs) helped
achieving the objectives of sustain-
ability aspects through increasing
work productivity rate by 15.7% and
reducing project duration by 12.5%. In
addition, they assisted accomplishing
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Identifying the rate
of usage of each
department by
patients, medical and
administrative staff.

Identifying the activities
and transportations
within the centre that
cause the most delays
to the patient and waste
of time and materials.

Deciding on the

Minimising the
congestion in case
sensitive areas such as
emergency department)
through identifying

the most favourable
patterns for the

Attracting the customer
flow to certain areas

by creating land marks
within these areas to
reduced congestion and
enable more efficient
process execution to

Ensuring design
effectiveness, not
only through creating
scaled models to the
different rooms in use
in each department,
but also by developing

equipment that are
urgently or most
needed.

different users of the
facility to follow.

Shortening the distance
between the patient
and the designated area
and service provider.

Optimising the flow
of information,

equipment, supply,
processes and food.

take place.

a 1:1 scaled layout of
the final design to test
important features such
as line of sight, speed
of flow and efficiency of
delivering services to
the designated patient
(see figures 3 and 4).

Gathering customers’
feedback to enhance
the final layout design
even more.

Table 4. Achieving Sustainability through (LPs) Application in the Health Care Facility

the economic-social objectives of sus-
tainability through using an incentive
system to motivate workers achieve
the goals determined by the firm and
respond to the challenges defined by
the project schedule. If this trend of
efficiency continues in similar firms,
the society is the one to benefit from
the extra time, more available economic
and environmental resources because
these extra resources will be relocated
to increase the individual's share.

Industrial House Builders, Sweden

Industrialized housing represents a
growing market segmentin the construc-
tion market in Sweden with an approxi-
mate market share of 15 % (Bjérnfot,
2006). This project is of a Swedish
timber housing firm specialized in stu-
dent lodgings, hotels and senior dwell-
ings. The buildings usually go as high
as four stories. Their clients are mainly
accommodating building societies, real-
estate clients and student associations.
The customization and standardization
degree is common within these projects.
The firm employs 135 employees who are
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located at a single production site and
they have an average annual turnover of
42 Million Euros (Jansson et al., 2009).
Table (3) concludes the contributions of
(LPs) towards achieving sustainability
objectives in this project.

Through applying (LPs), the project
succeeded in achieving a number of sus-
tainability objectives. Firstly, handling
parallel projects with flexibility during
the design process as well as sharing
information helped minimising waste
and adding value to the customer and
the design team. Secondly, by maintain-
ing its processes and not investing in
standardising sub-tasks, the firm saved
its time and human resources efforts.
Finally, using the pull strategy as the
design duration is longer than the pro-
duction time helped delivering needed
products without generating waste or
misuse of environmental resources.

Health Care Facility, British Columbia,
Canada.

Provincial Health Service Authority
(PHSA) plans, organises and evalu-
ates specialty and general health

LEAN PRINCIPLES: AN INNOVATIVE APPROACH FOR ACHIEVING..

care services in the province of British
Columbia (BC), Canada. PHSA's proj-
ectsinclude BC Women’s Hospital and
Health Centre. The authority has been
implementing lean in its projects for
almost 4 years. Recently, the current
children’s inpatient building, and BC
Women’s Neonatal Intensive Care Unit
(NICU) and the Birthing Suite in the
children’s and women’s health centre
needed to be replaced. The replace-
ment process of the children's inpa-
tient centre process was planned to
take place on three phases starting by
demolishing and relocating the centre,
building the new acute care centre and
finally renovating the old centre (Breen,
2011). Table (4) concludes the contribu-
tions of (LPs) towards achieving sus-
tainability objectives in this project.
This project relied on modelling
a new design layout and testing its
efficiency first hand by allowing the
employees to simulate the flow of the
building occupants. Being a health care
centre, the flow of the building occu-
pants through the centre is the main
challenge faced while designing the
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Figure 3. Mock ups scale 1:1 to the Inpatient and
Oncology units (Breen, 2011)

Reducing carbon
production during
precast concrete
production.

Improving assessment
of environmental
values.

Eliminating waste

of time through
reorganising material
storage for production.

Considering alternative
transportation
methods to reduce lead
time and cost.

Figure 4. Mock ups scale 1:1 to the Inpatient

Elevator (Breen, 2011)

Placing site layout plan
on the notice board for
information.

Maintaining long-term
contact to achieve
loyalty between
suppliers and pre-
casters.

Eliminating the over
provision for material

storage.

Improving the value
chain of precast
concrete production.

Proper identification of
required material for
production to avoid re-
order and re-delivery of
correct materials.

Maintaining clear
identification of marks
and delivery notes in
the contract period.

Reducing unplanned
changes in the
specification of precast
concrete production.

Making better use
of research in green
building materials.

Training incompetent
employees and
having proper written
production manual.

Enhancing employees
care towards avoiding
waste of finished
products and wrong
delivery.

Table 5. Achieving Sustainability through (LPs) Application in the Precast Concrete Production

circulation. Therefore, value stream
mapping and flow presented guidelines
to be followed to overcome theses cir-
culation challenges (Breen, 2011).

Precast Concrete Production,
Singapore.

Precast concrete products are widely
adopted in the Singapore construction
industry due to the rising demand from
public housing projects. One of the
solutions to reduce construction dura-
tion and improve efficiency would be to
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use precast concrete products which
are able to provide a cost-effective way
of carrying out “system building” types
of construction projects. Table (5) sum-
marises the results of applying (LPs)
towards improving the sustainability of
precast concrete production practices
(Wu and Low, 2010).

Through applying (LPs), it was possi-
ble to reduce costs and eliminate waste
through improving the efficiency of the
process, improve quality and focus on
adding value activities for customer

satisfaction and ensures health and
safety standards for workers through
providing information on the informa-
tion board as well as reduce carbon
emission. In addition, (LPs) applica-
tion helped improving training program
for supporting sustainable operations
and efficient use of raw materials and
resources.

Field Study
This section presents the results of a
field study conducted, by the authors,
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through a survey questionnaire to
investigate the perception and appli-
cation of (LPs) as an approach for
achieving sustainability in the (ECI).
The questionnaire sample was selected
fromthe list of 14000 contractors regis-
tered with the Egyptian Federation for
Construction and Building Contractors
(EFCBC, 2012). To get a representative
and reasonable sample size that sup-
ports the research findings, the follow-
ing equations were used. Equation (1)
isapplied to compute the initial sample
size. Since the population is finite (less
than 50,000), Equation (2) is used to
compute the new sample size (Johnson
and Bhattacharyya, 2009; Freedman
etal., 2007).

SS=272*(p)*(1-p) / c2
Equation (1)

New SS = SS / (1+ (SS-1) / Pop
Equation (2)

Where:
SS = Sample Size
z = Z-values for confi-

dence levels are (1.645 for 90% confi-
dence level, 1.96 for 95% confidence
level and 2.576 for 99% confidence
level)

p = percentage pickinga
choice, expressed as decimal (0.5 used
for sample size needed)

C = confidence interval,
expressed as decimal (e.g., .08 = 8)
Pop = Population

In our case:

SS =1(1.96)2 *(0.5) * (1- 0.5) / (0.08)2
=150.063

New SS = 150.063 / (1+ (150.063 - 1) /
14000) = 148.48 ~ 148

The same result was confirmed by
the sample calculator (The Survey
System, 2012), through using a con-
fidence level of (95%) and confidence
interval of (8) when combined with
a population of (14000) contracting
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Figure 6. Responses of the Phases of Applying (LPs) troughout the Project Life

companies yielded a suitable sample
size of (148) participants. This approach
is adopted by many researchers to
avoid using manual and complicated
sample size formulas. Sample size cal-
culatoris anonline simple and accurate
tool designed to analyse sample size
through giving researchers different
options to select from (Bridges, 2013).
These firms were contacted and the
questionnaire was delivered to them
either by hand, mail or e-mail. Out of
148 questionnaires were sent, only
67 were completed and returned,
providing a response rate of 45.27%.
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According to Babbie (1992) as arule of
thumb 50% is adequate while, McNeil
and Chapman (2005); Saunders et al.,
(2003); Gillham (2000); Tashakkori and
Teddlie (1998); Fellows and Liu (1997)
state that 30-40 per centis acceptable
because of the fact that few people
respond to questionnaires.

Data Analysis of the Survey
Questionnaire
Perception and Application of (LPs) in
Construction Projects

39 out of 67 respondents to the
questionnaire, which represent
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(58.2%), stated that they perceive the
concept and apply it in their projects
(by adding value to customers while
eliminating waste) without knowing
that this practiceis called Lean. On the
other hand, the remaining companies
mentioned that they have not adopted
(LPs) approach in their projects.

Area of Focus when Applying (LPs) in
Construction Projects

Figure (5) shows the responses of
the surveyed firms to rate the areas
of their focus when applying (LPs) in
construction projects, namely: Value,
Value Stream, Flow, Pull and Perfection.
These areas were used to analyse case
studies. Results showed that the con-
cept of “Value” received (4.54) out of (5)
which ensures that proper understand-
ing of clients / customers value system
is paramount towards delivering their
requirements in a lean manner. This is
followed by “Perfection” and “Flow”
with an average of (3.13) and (3.1) out
of (5) respectively, which indicates that
continuous improvement and built-in-
quality as well as flow of information
and materials are key elements towards
using (LPs) to achieve sustainability in
construction projects.

The Internal Governance towards (LPs)

Adoption and Application in (ECFs)
Towards investigating the inter-

nal governance of the surveyed firms

towards adopting and applying (LPs),
respondents were asked to select
between “internal governance” as
the firm’s vision for the future, “mis-
sion statement”, “lean objectives” or

“others”. Responses are:

» 20 out of 39 respondents, which rep-
resent (51.28%), stated that “mission
statement” was the most popular
form of governance that their firms
used. “Mission statement” of these
firms focuses on achieving customer
satisfaction through delivering prod-
ucts that best meet or exceed his/her
expectations at the most cost effec-
tive manner.

P 10 out of 39 respondents, which
represent (25.64%), mentioned that
“lean objectives” were ranked second
as the firm governance. Firms believe
that “lean objectives” are the right
thing that has to be done towards
saving the environment, prospering
economy and serving the society.

P 9 companies out of 39, which repre-
sent (23.07%), stated that the “vision
of their companies” in the future is the
internal governance for (LPs) adoption
and application. Companies consider
(LPs) as a competitive advantage tool
that will increase their market share
in the future and assist the firm to
remain competitive in the market.

Phases of (LPs) Application in
Construction Projects

Figure (6) summarises the responses
ofthe surveyed firms to investigate the
different phases of applying (LPs) in
construction projects, namely: Briefing,
Design, Tendering, Construction and
After Practical Completion phase.

3

=

Results showed that all surveyed
firms adopted (LPs) towards achiev-
ing sustainability during the design
phase as decisions taken during this
phase have important impact on the
constructed facility throughout its life
cycle. In addition, 30 out of 39 firms,
which represent (76.92%), adopted
(LPs) during the construction phase
as many of lean activities are related
to site construction such as material
provision and storage as well as site
layout and workers movement and the
application of lean principles in this
phase has positive impacts.

The Potentials and Constraints of
Adopting and Applying (LPs) in (ECI)
Responses of the questionnaire with
regard to the reasons that encouraged
(ECFs) to adopt and apply (LPs) in con-
struction are as follows:

» 20 out of 39 respondents, which
represent (%51.28), stated that (LPs)
are used because they are good mar-
keting tool; improve productivity,

Figure 7. Components of the Lean Principles Adoption

and Application Framework
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increase customer satisfaction and
reduce waste of time and effort.

» 19 respondents highlighted that (LPs)
helped them minimise project cost,
add more value to the customer,
increase firms’ performance, improve
flow of information and facilitate
communication.

The 28 firms that did not adopt (LPs)
have identified the reasons that hin-
dered the adoption and application of
(LPs) as:

P It is not mandatory requirements
either by customers, construction
industry or governmental authorities.

P Lack of knowledge and perception
of the lean concept. No training
programmes are offered to educate
construction professionals about
the new concept either at under-
graduate, postgraduate or industry
levels. Respondents mentioned that
(LPs) are not dealt with as a strategic
objective by firm’s management.

» Time and money constraints.
Respondents believe that new con-
cepts such as (LPs) are expensive
and time consuming. Firms prefer to
use tested and successfully proofed
methods rather than applying new
concepts.

» Thereis no formal framework to inte-
grate (LPs) in (ECFs).

A Conceptual Framework
for Promoting the Adoption
and Application of (LPs) in
Construction Firms

Framework Rationale and
Development

Results of literature review, case stud-
ies and field study revealed that (LPs)
are powerfulapproach to achieve sus-
tainability in construction projects. On
the other hand, it is of prime impor-
tance to have a formal framework to
facilitate the adoption and application
of (LPs) in construction firms and estab-
lish the strategies that supportits suc-
cess. In orderto ensure the successful
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implementation of (LPs), construction
firms should be Lean oriented. A lean
firm understands customer value and
focuses its key processes to continu-
ouslyincreaseit. The ultimate goalis to
provide perfect value to the customer
through a perfect value creation pro-
cess that has minimum or zero waste.
This necessitates that the whole firm
should be involved in the lean process
development. The Lean Principles
Adoption and Application Framework
(LPAAF) outlines and relates the com-
ponents which support (LPs) applica-
tionin construction firms and serves as
a guide that can be modified to meet
organisational needs.

Components of the Framework

The proposed framework consists
of five elements, namely: Policy,
Champion, Guidelines, Training and
Deliver (see Figure 7).

Policy

The Firm’s policy should establish the
need to adopt and apply (LPs) and jus-
tify what benefits this approach expects
to generate. For instance, these benefits
could be delivering sustainable proj-
ects, maintain firm’s competitiveness
orimprove communication and informa-
tion flow. The policy has to provide clear
guidance on when (LPs) have to be inte-
grated throughout the project life cycle
and what are the resources needed. The
policy should state, in broad terms, to
which areas of the business (LPs) are to
be applied and provide guidance on the
scale of that application. It should also
state whether the firm intends to gener-
ate its own internal delivery capability
orrely on buyingin the expertise when
needed or a mixture of the two. It should
set out a timescale within which they
expect to embed the practice of (LPs)
into the firm’s culture.

Champion
Once the firm’s policy has been stated,
it is essential to appoint an individual
to implement this policy. The appointed
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individual will be designated as the
Head of Lean Principles Programme
(HLPP). Senior management has to form
a small steering group, which repre-
sents the various parts of the firm, to
whom the (HLPP) will report and dis-
cuss progress. Members of the steer-
ing group should report to the firm’s
board of directors. The (HLPP) has to
possess a sound understanding of (LPs)
and their application. In addition, s/
he should draw up a plan setting out
how the policy will be implemented
and corrective actions to be taken in
case the procedures deviated from the
developed plan.

Guidelines

The (HLPP) is responsible for setting out
guidelines that describe the types of
study that should be conducted at stra-
tegic, programme, project and opera-
tional levels. The guidelines should out-
line the process to follow, list suitable
techniques to be used; provide guid-
ance on who should be involved and
the level of competence and experience
of the leader who will lead the studies
of implementing (LPs). The guidelines
should provide also, the basis for deliv-
ering repeatable processes but not be
so prescriptive as to stifle individual
interpretation and innovation.

Training
Training provision is the first step
towards achieving the plan of adopt-
ing and applying (LPs) in construction
firms. It has to be shaped by the policy
either by using internal or external
expertise. If the firm plans to use only
external expertise due to lack of internal
resources for instance, the training pro-
gramme will be focused on building up
an awareness of (LPs) and their benefits
atalllevels of the firm. This is essential
to gain support throughout the firm and
to build up a collaborative culture. If it
isintended to build up internal delivery
expertise, it is essential to train up or
employ internal study leaders with com-
petent delivery skills levels. To ensure
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thatthe training programme is effective,
it should be accredited by a competent
organisation and lead to a professional
qualification. Both the awareness and
the practitioner training courses should
align with the firm’s policy and its
approach to doing business.

Delivery

The second step of the plan is the
delivery of the services themselves
within the designated projects using
the appropriate techniques. The (HLPP)
should gather feedback from all partici-
pants, in addition to the formalreports
to build up an information base and
learn from experience. The lessons
learned have to be incorporated into
the training programme and shared
between employees to ensure that
the quality of service is continuously
improved.

Strategies for Successful

implementation of the Framework

For the (LPAAF) to be successfully

adopted and implemented in construc-

tion firms, certain strategies should be
in place as follows:

»> Clearidentification and visible senior
management support for (LPs) adop-
tion and application.

P Explicit policies which are clearly
communicated to all employees.

P> Creating a culture that supports and
understands the concepts of maxi-
mising value and minimizing waste.

P Fully embedded management pro-
cesses which are consistently and
rigorously applied and are clearly
linked to the achievement of (LPs)
objectives.

P Effective implementation of plans
and regular reviews to ensure that
the benefits of (LPs) are realised
and lessons are learned for future
programmes.

Framework Limitations and
Potentials

The effective application of the frame-
work depends to a large extent on the
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encouragement of the top management
in construction firms to adopt (LPs) as
an approach to achieve sustainability
in construction. If the top management
does not have the desire and tended
not to use the framework, then its
adoption will be limited. In addition,
the application of the framework is a
long-term strategy to improve the tra-
ditional culture and methods of doing
work in construction, and hence it
could be resisted by some sectors of
the (Cl). For this reason, it is essential
that the benefits of the framework be
clearly presented to top management
of construction firms in order to get
them convinced with the role, which
the framework could play in improv-
ing their performance and achieving
sustainability in their projects. This
will increase the opportunities for
adopting the framework. Although
the developed framework is a concep-
tual one and not validated due to the
limited resources of the authors and
time needed, it provides construction
firms with detailed components that
explain how to adopt and apply (LPs)
in their projects.

Conclusions and
Recommendations

After reviewing the fundamentals of
(LPs), sustainability and investigating
anumber of case studies that benefitted
from (LPs) towards delivering sustain-
able products, and keeping in mind the
results of the field study, the research
come to the following conclusions and
recommendations:

» The (CI) plays a significant role
towards social and economic devel-
opment at national and international
levels. However, it has negative
impact on the environment being a
source of waste, energy consump-
tion, land dereliction and pollution.
This called for the (Cl) to be more
sustainable through using natu-
ral resources in an efficient way to
enable current generations to meet

their needs without compromising
future generations from achieving
their own needs.

P (LPs) have proven to be a powerful
tool to minimize waste and adding
bettervalue to customers in the man-
ufacturing industry. The application
of (LPs) in construction helps defining
customer value, eliminating waste,
improving flow of work and informa-
tion and increasing organisational
perfection.

P Results of the field study showed
that (LPs) are generally perceived
and applied in a number of (ECFs)
without realising that these practices
are called lean. These concepts are
used mainly in the design phase and
construction phases. On the other
hand, other firms stated that (LPs)
were not adopted due to a number
of reasons such as it is not manda-
tory requirement, lack of knowledge,
time and cost constraints as well as
the absence of formal frameworks to
integrate (LPs) in (ECFs).

This led to the following
recommendations:

» Recommendations to Governmental
authorities in Egypt

e Governmental authorities respon-
sible for construction and urban
development are advised to promote
the use (LPs) as a strategic approach
towards achieving sustainability in
construction.

e |ssuing and enforcing legislations
to facilitate the adoption of (LPs) in
design and construction firms as well
as developing incentive programmes
to attract and acknowledge the firms
that adopt (LPs) and succeeded in
delivering sustainable projects.

e Integrating (LPs) in architecturaland
construction education at undergrad-
uate and graduate studies to gener-
ate graduates who understand the
concept and its benefits and hence,
apply itin their projects.

e More seminars, conferences, train-
ing programmes that are concerned
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with (LPs) and sustainability should
be organised on regular bases in an
effort to educate the industry play-
ers and share research findings with
construction professionals.

» Recommendations to Egyptian
Construction Firms

o (ECFs) are advised to integrate lean
philosophy in their business devel-
opment strategy. This requires estab-
lishing the need to adopt and apply
(LPs) and justifying what benefits
that this approach could generate.
In addition, it necessitates senior
management support and provides
clear guidance on when (LPs) have to
be integrated throughout the project
life cycle and what are the resources
needed. The policy should state, in
broad terms, to which areas of the
business (LPs) are to be applied and
provide guidance on the scale of that
application.

e Offering training programmes to
enhance the skills of employees and
increase their capabilities towards
perceiving and applying (LPs). (ECFs)
have to decide whether to generate
its own internal delivery capability
or rely on buying in the expertise
when needed or a mixture of the two.
It should set out a timescale within
which they expect to embed the prac-
tice of (LPs) into the firm’s culture.

e Focus should be directed towards
applying (LPs) during the brief-
ing and after practical completion
stages being got the lowest aver-
age amongst the different stages of
the project life cycle. These are two
essential milestones for delivering
sustainable projects. At the brief-
ing stage, important decisions are
made which affect the performance of
the project throughout its life cycle,
where feedback gained from the
after practical completion stage help
improving design decisions taken in
earlier stages.

e Validating and applying the
proposed framework will help
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construction firms adopt (LPs) to
achieve sustainability in construc-
tion projects.
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