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ABSTRACT

Buildings are exceedingly complex products with a comparatively long
lifetime that can last for decades. They have been found to generate a number
of negative environmental impacts, when built in traditional ways. Therefore, a
huge number of Green Building Rating Systems have been created in the last few
decades with the main focus of evaluating sustainability of buildings.

Another method to assess the environmental impacts of buildings is,
Life-Cycle Assessment, which widens the scope of sustainability evaluation to
review a 'cradle-to-grave' perspective by including all life-cycle phases of a build-
ing.

Modern Technology such as; Building Information Modelling (BIM)
have recently made it possible to have a comprehensive architectural design
process; provided with visual representations, enhanced by energy and thermal
simulations and supported by the collaboration between the different involved
parties. The three dimensional (or more) object-oriented modelling gives access
to information regarding material types, properties, quantities, energy perfor-
mance, lighting and site disturbance which are used for analyses, evaluations
and assessments. Therefore, as a tool, BIM can support efficient design practices
that would contribute in reducing construction-related waste generation, energy
consumption while in addition enhance the sustainability and efficiency of the
built environment.

Despite the fact that BIM has existed for more than 20 years, it is only

recently that the Architectural, Engineering and Construction (AEC) industries

xxvii



became aware of BIM potentials in making the construction process streamlined
and efficient. In Egypt, although practicing BIM is expanding within the con-
struction industry, practitioners still have limited knowledge about BIM’s full
capabilities.

The utilization of BIM tools on its own cannot achieve the pursued ef-
ficient building. This research argues that BIM needs to be supported by guide-
lines adopted from Green Building Rating Systems (GBRS) in addition to taking
into consideration the whole life-cycle of these buildings, in order to realize the
holistic sustainable outcome expected from efficient buildings.

Therefore, the research is intended to analyze the situation of GBRS,
LCA and BIM adoption in Egypt, arguing that their full integration in one 'holis-
tic framework' can significantly add value to Efficient Building practices within
the Egyptian AEC industry.

It is important to understand that the choices made nowadays for how
to build, design and operate buildings can significantly affect both urban servic-
es and livability for decades to come. This is why, efficient, high-performance,
low-energy buildings can be a major factor in creating sustainable cities which
are the keystone for the sustainable development goals internationally being

sought for.

KEYWORDS: Building Information Modeling, Green Building Rating

Systems, Life-Cycle Assessment, Efficient buildings, Egyptian AEC industry
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Figure 1. Chapter 1 Scheme (Author, 2019).
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“A building's impact on the environment is huge ... But we still can do better’
(paulraffstudio.com)



CHAPTER 1 INTRODUCTION

1.1 Problem Background

In the last few decades, the issues of global warming and natural re-
sources depletion have gained much attention to which buildings have been crit-
icized for contributing (Shoubi, et al., 2015). Buildings are exceedingly complex
products with a comparatively long lifetime that can last for decades. They in-
clude a massive number of components that are needed for their construction yet
they have been proved to be majorly increase carbon and greenhouse gas (GHG)
emissions (Ngwepe & Aigbavboa, 2015), energy consumption, air emissions and
solid waste generation (Scheuer & Keoleian, 2002).

The built environment originates most of the mass and energy flows
for which man is responsible. Although they contribute to the socio-economic
development of our nations (Ramesh, et al., 2010), they utilize a large propor-
tion of energy along with the natural resources. Additionally, there have been
health issues generated by the built environment, which intensify the need to
further analyze the role buildings play on environmental well-being (Scheuer &
Keoleian, 2002).

It is important to understand that the choices made nowadays for how
to build, design and operate these buildings can significantly affect both urban
services and livability for decades to come. Then, efficient, high-performance,
low-energy buildings can be a major factor in creating sustainable cities which
are the keystone for the sustainable development goals internationally being

sought for.




Therefore, it becomes essential for the construction industry to adopt
sustainable development approaches within its activities (Ramesh, et al., 2010).
This is why the concept of “going green” and “sustainable construction” has been
evolving for many years now trying to solve the environmental impacts build-
ings cause and attempting to make them more energy efficient and environ-
ment-friendly (Chhatwani, 2015) (Wong & Zhou, 2015).

However, the decentralized nature of construction processes makes it
quite difficult to define, understand and counteract against the introduced envi-
ronmental impacts. Traditional practices have been found to contribute unneces-
sary waste and errors. According to (Eastman, et al., 2011), these practices:
« Have poor field productivity, poor information flow and redundancy in
addition to extra efforts and costs.
» Result in inadequate exchange, management of information and inter-
operability; as the involved individual systems are unable to access and
use information imported from other systems.
« Can cause systems’ incompatibility which prevent project team mem-
bers from sharing information rapidly and accurately.
« Are accounted for increasing construction costs in cases of inefficient
interoperability
This is why Green Building Rating Systems (GBRS) and perfor-
mance-based assessments are being increasingly adopted and widely demanded
by developers and owners so as to promote low-energy or even net-zero energy
systems in their buildings. (Chhatwani, 2015).

To establish an effective approach for sustainable buildings, it is re-

quired to develop a multi-disciplinary approach that covers a number of “envi-



ronmental-friendly” features such as energy saving, optimization of resource use
(like water, materials and energy), consideration of reuse and recycling as well as
emissions control. (Ramesh, et al., 2010).

Moreover, during the lifespan of a building it can undergo several chang-
es in form and function that can be quite significant compared to the original
product (Chhatwani, 2015). Then to achieve a sustainable construction process,
this needs to be fulfilled with the application of tools that deals with, understands
and assesses buildings’ entire life-cycle, site planning and organization, material
selection, use of recycled materials, minimization of energy consumption and
waste generation. (Ngwepe & Aigbavboa, 2015). In short, performing a Life-Cy-
cle Energy Analysis (LCEA) of the building can significantly help in formulat-
ing the strategies suitable for achieving reductions of the energy use in buildings
(Ramesh, et al., 2010).

Yet, performing Life-Cycle Assessment (LCA) methods conventionally
can be quite time consuming and information-condense as for relying on quan-
tity survey, inventory data of building materials. Also, the continuous develop-
ment of building materials significantly increases the components and assem-
blies present in one building making the loss of details or relation between them
quite possible (Yang & Wang, 2013).

This where the technology of Building Information Modeling (BIM)
can be beneficial, for offering great opportunities to plan, design, and construct
buildings in compliance with sophisticated performance criteria and regulatory
requirements as well as enhancing time and data savings for having object-based
information models that can correspondingly make the execution of LCA process

smoother and more efficient (Yang & Wang, 2013). Integrating BIM also would




allow for better decision-making along the whole life-cycle of the building as well
as the capability to perform the environmental analyses essential to accomplish

sustainability goals (Wu & Issa, 2014).

1.2 Research Problem Statement
The research problem is divided in two parts; the first part is the envi-
ronmental issues buildings are accounted for, while the second part is neglecting
the potentials that Green Building Rating systems, Life-cycle Assessment and
Building information Modeling (as tools) can offer to address these issues espe-

cially when they are integrated in one holistic framework.

1.3 Research Goal
The main goal of this research is to Develop an Integrated Frame-
work for GBRS and LCA in BIM environment to enhance Efficient

Building Design practices in the Egyptian AEC industry.

1.4 Research Objectives

The research goal can be divided into several objectives as follows;

O 1. Point out the negative environmental impacts associated with
buildings.

O 2. Review solutions corresponding to environmental issues gener-
ated by buildings.

O 3. Identify efficient buildings and their benefits, as well as the driv-
ers and barriers of their adoption.

O 4. Establish the criteria targeting environmental, economic and so-

cial aspects in buildings design.



O 5. Understand the significance, process and benefits of GBRS for
sustainable building design.

0O 6. Compare different GBRS systems to identify strengths and weak-
nesses of each as well as the most suitable system for the study.

O 7. Point out recommendations to enhance the Egyptian GBRS.

0 8. Understand the benefits, process and tools of LCA assessment
for sustainable building design.

0 9. Understand potentials, process and tools of BIM for sustainable
building design.

O 10. Investigate the possibilities, benefits, challenges and triggers of
integration between GBRS and LCA in BIM environments.

O 11. Overlap previous attempts of integration between GBRS, LCA
and BIM.

O 12. Point out recommendations to enhance the implementation of

the proposed framework.

1.5 Research Hypothesis
The research hypothesizes (Figure 2) that BIM usage in a comprehen-
sive digital methodology that considers GBRS-adopted guidelines and the life-cy-
cle of buildings would be a step in the right direction to enhance Efficient Build-
ing Design practices in the Egyptian AEC industry.

By implementing this holistic approach, not only the three processes
can be done in a simpler way, without wasting time, cost and effort (compared to
how they are conventionally performed), but also each process will be enriched
by the potentials the other two provide. This can promote and encourage the
adoption of all three trends which eventually can help develop the Egyptian con-
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Figure 2. Graphical Representation of Thesis Hypothesis (Author, 2019).

struction industry in general and Efficient Building Design in particular.

1.5.1 Justification

GBRS are selected to provide “guidelines”, as they can significantly en-
hance the environmental performance of buildings and reduce their negative im-
pacts through the comprehensive high environmental standards of criteria they
set.

LCA is chosen as the assessment “process” to evaluate the Environmen-
tal impacts (EI) of the included products and systems throughout all the life-cycle
phases of a building which can considerably improve the production of buildings
from a sustainability point of view.

BIM, which had achieved measured successes in many high-profile pro-
jects worldwide, can provide the containing “environment” and the linking “tools”
which has recently proved to offer the most denominated ways of approaching

design, construction and operation processes of buildings (El Barbary, 2018).



1.6 Research Methodology
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Figure 3. Graphical representation of Research Methodology and Thesis
Structure (Author, 2019).




(Figure 3) illustrates the Thesis Methodology, as follows;

The main goal of this research is to "Develop an Integrated Framework
for GBRS and LCA in BIM environment to enhance Efficient Building Design
practices in the Egyptian AEC industry". While there are many tools and meth-
ods that can be used for this purpose in the Egyptian market, yet this thesis is
focusing on three systems that have now been used for decades in sustainable
design of buildings, but they are not ultimately made use of compared to their
full potentials and capabilities; Green Building Rating systems (GBRS), Life-Cy-
cle Assessment (LCA) and Building Information Modeling (BIM). Each of these
methodologies has individually made a great influence in improving the produc-
tion of sustainable buildings on an international level in terms of enhanced de-
sign process, reduced negative environmental impact and better payback bene-

fits.
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Figure 4. Graphical Illustration of Thesis Phases (Author, 2019).




This motivated the author to investigate how the whole design process
can be enhanced when these methodologies or Green Building Rating systems
(as “guidelines”), Life-Cycle Assessment (as a “process”) and Building Informa-
tion Modeling (“tools™) are all integrated in one holistic framework.

The research is divided into three phases; the first phase is exploratory
which is done by desktop research and extensive literature review to identify the
current position of BIM, LCA and GBRS usage in AEC industry in general and
especially with regards to green building design from researches, conference pa-
pers, studies, books, BIM handbooks and GBRS certification manuals. Also, best
practices and case studies from all over the world will be analyzed, to explore the
points of strengths and weaknesses in the implementation of GBRS, LCA and
BIM. Concerning GBRS, a comparative analysis will be carried out between some
of the internationally well-known GBRS to identify the points of strengths and
weaknesses of each and to highlight the adjustments needed to encourage prac-
titioners to utilize the Egyptian GPRS.

For data triangulation (to ensure the credibility of the study), it did not
only depend on literature review (of which most is not local), but an online survey
with local practitioners has been conducted to convey their personal experience
with the tools available in the Egyptian AEC industry.

Finally, in the third phase, conclusions could then be identified from the
data and SWOT analysis and recommendations in terms of technical, procedural,
regulations and educational measures and actions could be pointed out to fulfill

the main objective of the research.




1.7 Thesis Structure
The Thesis is structured as illustrated in (Figure 4) where;

Chapter (1) includes the research introduction.

1.7.1 Phase 1: Literature Review

Chapter (2) is divided in three parts; the first introduces the environ-
mental problems associated with buildings whereas the second part defines ef-
ficient buildings and the drivers and obstacles of their adoption. The third part
highlights some of the trends counteracting these negative environmental im-
pacts such as Green Building Rating Systems and Life-Cycle Assessment.

Chapter (3) will review GBRS background; compare between a num-
ber of international Green Building assessment systems along with the Egyptian
GPRS and TARSHEED, so as to highlight points of strengths and weaknesses of
each, which will be the basis for recommendations and actions that need to be
taken to enhance the implementation of GBRS in Egypt.

Chapter (4) will give an overview about LCA; process, different types
and identification of its benefits.

In chapter (5), an overview about BIM; process, terminologies and ben-
efits.

Each of the previous chapters would be summarized in a form of SWOT

analysis to identify their Strengths, Weaknesses, Opportunities and Threats.

1.7.2 Phase 2: Overlapping Data
Chapter (6) will include; first, the identification of the triggers and obsta-
cles facing the individual implementation of each approach to identify strengths

and weaknesses. The data gathered from this review will be used as a basis for
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designing the surveys used in the next step.

Then, an online survey (with experts of GBRS, LCA and BIM fields) is
conducted based on the outcomings of this analysis to support the findings from
the literature review. A sample of experienced professionals in the three fields
has been selected; based on their relevant educational background, experience
and for working on projects utilizing either GBRS, LCA or BIM in order to find
out more about users’ experience regarding the potentials of each, the challenges
that hinder their wider adoption and the opportunities, actions and measures
suggested to enhance their implementation.

In GBRS interviews, the participant will be asked about the GBRS they
are mostly using and the benefits, challenges and drivers to widen their adoption.

Whereas in BIM interviews, participants will be mainly asked about the
benefits of using BIM compared to CAD, the types of BIM software and how data
is exchanged between them, whether they have used BIM in sustainable building
design and the differences they encountered.

Secondly, the application of integrated versions of (LCA-BIM, LCA-
GBRS, BIM-GBRS) and (BIM-LCA-GBRS) as deduced from literature review and
case studies are being reviewed to find out how the integration helps to maximize

the benefits of each and overcome the challenges hindering their adoption.

1.7.3 Phase 3: Data Interpretation

Chapter (7) will be divided as follows; the first part (Discussion) will ac-
cumulate the data collected in phase 2, in a SWOT Analysis briefing the Strengths,
Weaknesses, Opportunities and Threats for each of GBRS, LCA, BIM methods.
The third part (Recommendations) will present a 'conceptual framework' inte-
grating GBRS, LCA and BIM developed to enhance Efficient Building Design

11



practices in the Egyptian AEC industry (research goal). Then will point out the

actions and measures recommended for better implementation of the proposed

strategy and the parties responsible for their accomplishment.

1.8

1.9

Scope and Limitations

This research was decided to focus on:

GBRS known within the Egyptian AEC industry;

Providing a brief introduction for LCA assessments, mentioning the as-
pects that would benefit the purpose of the research, and

Concise overall of BIM as a method, technology and tools.

Conducting this research has encountered some limitations such as;
The limited access to information regarding the application of GBRS
(especially GPRS) in the Egyptian context;

Finding LCA experts for interviews, which was overcome by including
more of international LCA literature, and;

Limited sustainable and BIM literature in the Egyptian context.

Delimitation

The research’s focus will be to analyze frameworks already established

that integrate GBRS and LCA assessments within BIM environments and overlap

them in one holistic framework. This will help not only to ease the whole process,

but also will promote the adoption of efficient building principles in Egypt.
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Figure 5. Chapter 2 Scheme (Author, 2019).
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CHAPTER 2 TOWARDS
SUSTAINABILITY

The following chapter is intended to outline how built environments af-
fect its natural surroundings in detail in terms of processes, energy and material
resources as well as generation of pollution and waste. This will help to define
the most suitable mitigations emerged to resolve these negative impacts. This

part will be used as a foundation for the later research phases.

2.1 Environmental Problems Associated with Buildings
While buildings provide countless benefits to society, they also result in
many significant environmental and health problems. This part presents some

basic facts about these issues (Figure 6).

2.1.1 Natural Resources Depletion

Buildings take up large areas of land where they remain for a long pe-
riod of time, requiring a great amount of materials and resources for their con-
struction to become possible. Most of these materials are either supplemented
by raw materials or manufactured elements purchased by export (which also add
to the resources used for transportation). Buildings continue to consume natural
resources such as water and energy during their operation phases (Ngwepe &

Aigbavboa, 2015).

2.1.2 Waste
The built environment is one of the sectors that greatly contribute to

waste generation in any country. The construction industry contributes to waste




generation both directly (such as the used constructed structures and the related
maintenance) and indirectly (like the waste generated from the extraction and
manufacturing processes of construction materials). And finally, the demolition
of these structures which probably makes the most contribution to the waste gen-
erated compared to other phases. These types of waste leach to the surrounding
environment (depending on the means of disposal) causing long-term impacts
and probably irreversible changes to local ecosystems as well as water contami-

nation (Ngwepe & Aigbavboa, 2015).

2.1.3 Climate Change and Global Warming

Global warming is one of the highest profile environmental impacts
happening in our time. The main cause of global warming is the greenhouse gas-
es -which have recently increased in the atmosphere due to the increasing con-
centrations of human activities- as they absorb and emit solar radiation affect-
ing global temperatures (Saada, 2015). These gases include CO2 which is mainly
caused by rising populations, economic growth as well as the increasing energy

consumption (Ngwepe & Aigbavboa, 2015).

Figure 6. Impacts of the Built Environment. Adapted from: United Nations’
Environnemental Programme (UNEP) and www.environmentalleader.com
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2.1.4 Pollution and Carbon Emissions

Emissions related to energy generation and manufacturing processes
pollute the air, affect global climate along with the health of humans, animals
and plants. In relation to the construction processes, they require long distance
transportation which include a great amount of carbon dioxide emissions, wors-

ening the greenhouse gas effect (Ngwepe & Aigbavboa, 2015).

2.1.5 Water

Regarding water, construction works can be a double agent; acting ben-
eficially in case of building water treatment and desalination plants but adverse-
ly when contaminated produces are dumped affecting the surrounding water

sources. (Ngwepe & Aigbavboa, 2015).

2.1.6 Energy

Energy is a basic requirement for human civilization’s daily life as well
as being centrally essential for industries, transportation systems and for the
provision of everyday life amenities such as heating, cooling and artificial light-
ing needed indoors (Ngwepe & Aigbavboa, 2015). Energy generation and use can
directly affect local and global warming, found to be accounted for 25.9% of glob-
al greenhouse gas emissions and production of “waste heat” which contributes to

raising air temperatures both on local and global scales (Saada, 2015).

2.2 Green Buildings and Energy Efficiency

2.2.1 Overview
Green construction has recently gained increasing attention all over the
world which boosted the development of sustainable building design and con-
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struction tools in many perspectives. Thus, developing Environmental Assess-
ment (EA) tools is quite an important task to provide guidelines for greener de-
sign and management of green building projects which can powerfully support
decision-making by using quantitative data and verifiable indicators (Kajikawa,
etal., 2011).

Sustainable construction can be described as; the building activity to
create and operate a healthy built environment based on resource efficiency and
ecology principles (Figure 7) (Mohamed, 2018). It should have the lowest nega-
tive impacts on the environment while maintaining the highest possible social

and economic development levels (Anton & Diaz, 2014).

2.2.2 What is an Efficient Green Building?

An efficient green building, ac-

cording to the Environmental Protection
Agency (EPA), is the practice of creating
structures that are environmentally con-
scious and maintain resource-efficiency.
While a high-performance building, as
defined by the Energy Independence
and Security Act, is the integration of all
high-performance considerations along

the life-cycle of the building adding to

the environmentally responsible energy

conservation and sustainability; the Figure 7. Basic principles of efficient
buildings. Adapted from (World
safety, security, durability, accessibil- Resources Institute, 2016).

ity, cost-benefit, productivity, func-
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tionality and operation attributes. These buildings contain complex, high perfor-
mance systems that require ‘ongoing adjustments and change of users’ behavior
after the initial commissioning’. If it is a high-performance building, then it has
to be operated through integrated and optimized systems such as; Heating, Ven-
tilation and Air Conditioning (HVAC), fire safety, lighting efficiency which all

interact with the building’s occupants (Wong & Zhou, 2015).

2.2.3 Energy Efficiency

Energy efficiency is one of the most important criteria (if not the most)
that defines if a building is “green” or not. Therefore, it usually gets the highest
credits when a building is seeking for green-building-rating (EnergyStar, N.D.).
When energy is saved, this does not only limit financial values of the utility bills,
but it also extends to raise the asset’s value (EnergyStar, N.D.).

Therefore, the United Nations’ Environmental Programme (UNEP)
recommends analyzing the energy performance of buildings using life-cycle ap-
proach (LCA), as it has been proven that the most proportion of energy (con-
sumed for heating, cooling, ventilation, lighting and electrical appliances) hap-
pens throughout the use-phase of buildings. (Saada, 2015). In another report
entitled “Life cycle Assessment of Building Products” by Arsenault, P. (2013),
he has proved (using LCA approach) that over 75% of the energy consumption
in buildings is accounted to the on-going operational phase. Therefore, it can
be argued that it is now a tremendous priority to study initiatives of operational
energy reduction (Saada, 2015).

Moreover, building efficiency generally relates to how productive the
resources like energy and water are used to provide the services needed in a
building. These services range from heating, cooling and lighting up to operating
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electrical equipment. Energy efficiency can be prioritized as it can in many ways
improve the efficiency of other resources like water, materials and even waste
(World Resources Institute, 2016).

Increasing energy productivity can be achieved by adopting concepts
like ‘Building Efficiency’ which offers the possibility to slow the increasing en-
ergy demand — especially in developing countries- by more than half by 2020.
Building efficiency frees up capital for other competing investments which gov-
ernments have to respond to (World Resources Institute, 2016).

Moreover, Energy efficiency in buildings could deliver CO2 emissions
savings up to 5.8 billion tons by 2050 (equals to 83% below the conventional ex-
pected scenario). These measures can be implemented using some of the readily
available technologies (such as BIM) which have been proven to deliver positive
financial returns within relatively short payback periods (World Resources Insti-

tute, 2016).

2.3 Payback Benefits of Green Efficient Buildings

2.3.1 Environmental Benefits

+ Minimized depletion of natural resources and habitats (Kshirsagar, et
al., 2015).

« Protection of biodiversity and ecosystems (Kshirsagar, et al., 2015).

« Lower CO2 and Greenhouse Gas emissions and consequently fewer neg-
ative impacts on Climate change and Global warming (Kshirsagar, et al.,
2015).

« Provision of cleaner, healthier and greener indoor and outdoor environ-
ments (EnergyStar, N.D.).
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« Limited waste generation along the whole life-cycle of the building (re-

ductions can reach up to 70%) (Gin, 2018) (Kshirsagar, et al., 2015).

2.3.2 Economic Benefits

« Savings in energy (up to 50%') and water consumption (up to 40%)
(Kshirsagar, et al., 2015).

« Lowered operating costs (by almost 14%) (Wong & Zhou, 2015).

+ Increased leasing and property values by up to 11% (Wong & Zhou,

2015).

2.3.3 Social Benefits

« Improved indoor and outdoor users’ comfort (World Resources Insti-
tute, 2016).

« Enhanced productivity (additional 38 work hours per year, occupants’
health (users’ claim to feel less frustrated and more patient) (Smith,
2011) as well as improved air quality (Kshirsagar, et al., 2015).

« Enhancing aesthetic qualities of buildings (Kshirsagar, et al., 2015).

« Improved overall quality of life (Kshirsagar, et al., 2015).
Accordingly, it can be concluded that focusing on the energy perfor-

mance aspects of a building in the operational phase can dramatically enhance

its green-ability.

2.4 Barriers of the Adoption of Green Buildings
Principles
There have been many attempts to integrate sustainability considera-
tions into the design process of buildings, but there have been some barriers hin-

11 Data sources from http://gogreengoarch.wordpress.com/tag/green-buildings
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dering its full adoption (Figure 8), such as;

Figure 8. Barriers to Energy Efficiency procurement (World Resources Institute, 2016).

« The various information needed for design disciplines exacerbates the
problem making optimal design decisions even more difficult. In addi-
tion to lacking the factor of sequencing of activities as well as the reason-
ing of decisions (Zanni, et al., 2017).

« The restrictive procedures, limited technology and knowledge on sus-
tainable practice building codes and regulations (Zanni, et al., 2017),
in addition to the duration spent by designers to overcome this limited
knowledge and understand the requirements of the rating system (Kar-
many, 2016).

« The lack of incentives (either regulatory or financial), higher expenses,
hidden costs and benefits compared to conventional construction meth-
ods (Karmany, 2016).

« Limited financial resources to pay the initial higher cost

o Lack of client demand (or behavioral inertia), awareness, stakeholder
interest still hinder the different industry stakeholders from adopting
greener developments, where they mostly seek for easier and faster

construction methods as well as mainly concern about the lower-cost



solutions regardless of the pay-back financial benefits on the long run

(Mohamed, 2018).

« Weak governance, which can cause new risks in situations of complex

procurement arrangements (World Resources Institute, 2016).

In Egypt, the top reasons that hinder the adoption of green building
principles are: the high initial costs required for green building construction and
practices, the procedural and market difficulties, the complication of certifica-
tion processes and the unawareness about how necessary it became now to use

resources efficiently (Karmany, 2016).

2.5 Solutions Corresponding to Buildings’
Environmental Issues

As the construction industry is moving forward, it faces new challenges;
in terms of expectation of quality improvements and cost reduction. In some re-
gions, sustainable design now became a mandatory part of modern architectural
theory and design practices (Stamenov, et al., 2016) which demands to reduce
energy and resources consumption to meet the current sustainability targets
(Antén & Diaz, 2014).

International organizations consciously responded by initiating rating
systems for sustainable construction and setting regulations to mandate targets
for energy and resource efficiency and to encourage environmental impact miti-
gation for either new building developments or retrofitting projects. Internation-
ally, different Green Building Rating Systems (GBRS) have been introduced to
assess environmental performances of buildings. These methods mainly intend
to encourage architects and planners to consider the possible ways to minimize
negative environmental impacts and energy consumption of the buildings they
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design (Wong & Zhou, 2015).

Also, recent studies show how stakeholders’ perception and require-
ments have shifted demanding for green and efficient buildings rather than being
mainly concerned about cost-efficiency as they had proven to achieve significant
reductions in operating costs besides having lower negative impacts on the envi-
ronment, minimal waste, air pollution and water consumption (Stamenov, et al.,
2016). This gave a better chance for scientific methodologies such as Life-Cycle
Assessment (LCA) to become well recognized and required to estimate the envi-
ronmental impacts of buildings in accordance with sustainability principles. The
focus also expanded to include a broader range of the issues and environmental
impacts generated by products during their manufacture, use and reuse (Vierra,
2019).

In addition, it can be quite beneficial to develop the construction in-
dustry by utilizing the new available knowledge and technologies to improve its
sustainable performance. There are readily available tools that can be used for
environmental performance assessment such as Building Information Modeling
(BIM), although they still need further development regarding their provision
of universal evaluation. What can be of great benefit is to find a comprehensive
way that evaluates the construction performance against a number of criteria
while using the outcome to improve the design framework. In this way, it could
be possible to compare design alternatives and select which might be best (Ant6n
& Diaz, 2014).

There is now a proliferation of standards, rating tools and certification
systems that guide, demonstrate and document how sustainable, high perfor-

mance and efficient buildings can be delivered, where more than 600 green prod-
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uct certifications and green building rating programs (and the number continues

to grow) are now available all around the world (Vierra, 2019).

2.5.1 Building Standards

Standards are the guidelines and criteria used to judge products related
to building practices; created by organizations such as The American National
Standards Institute (ANSI), American Society for Testing and Materials (ASTM)
or American Society of Heating, Refrigeration and Air-Conditioning Engineers
(ASHRAE) or supported by organizations like the International Standards Or-
ganization (ISO). ISO defines and develops worldwide standards which become
basis of industry norms. Standard requirements are either perspective- (which
identify methods of achievement) or performance-oriented (which state expect-

ed end results) (Vierra, 2019).

2.5.2 Green Codes

Green codes seek to push the standard of building design and construc-
tion to higher levels of sustainability and performance. They also come in the
following formats; either perspective, performance or outcome-based. Perspec-
tive approach is a fast, definitive and conservative path to comply code where
materials and equipment must meet a minimum stringency level of requirements
for individual building components, that are later quantified in tables. Where-
as, performance-based codes are designed to help achieve particular results and
outcome-based codes establish a target for energy use which needs measurement
and reporting to assure that the building (after completion) performs at the es-

tablished levels (Vierra, 2019).
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2.5.3 Green Building Product Certifications

A Green Building Product Certification is a confirmation that a product
meets the defined criteria and fulfills the requirements of a particular standard.
Recently, there have been labels and certification programs that certify products
based on their life-cycle parameters like; energy use, recycled content, air and
water emissions (Vierra, 2019).

Third-party certified products are considered most respectful as they
have been tested and awarded the certification independently from the prod-
uct manufacturer, contractor, designer and specifier. These product certifica-
tions can be recognized within comprehensive Green Building Rating Systems
(GBRS), which significantly encourage the demand for greener products (Vierra,
2019). Examples of Green Building Product certifications are; EnergyStar and

Environmental Product Declaration (EPD).

2.5.3.1 EnergyStar for Buildings h

EnergyStar is a voluntary energy efficiency and label-

ling program which is government-administered by the US Envi-

ronmental Protection Agency (EPA). This agency was created to

encourage the ‘good businesses’ of energy management where top-performing
products, homes and buildings are certified (Gin, 2018). EnergyStar standards
are updated every two years (Vierra, 2019).

Energy Star certification can be earned by existing buildings just like
appliances. Since 1992, it has been awarded to nearly 30,000 buildings and more
than 450,000 commercial buildings in the U.S whose energy usage is actively
measured and tracked using the EnergyStar tool; Portfolio Manager. This tool
can be used to manage energy, water and waste all in an online environment
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(Gin, 2018).

Energy Star certification is awarded only when an Energy Star score of
75 or higher is achieved. This means that the building is operating among the top
25% of similar facilities nationwide. Over 20 different types of buildings are eligi-
ble for Energy Star certification. However, an eligible project must be in the Unit-
ed States or owned by the US government. Energy Star certification is based on
building attributes and the actual energy consumption (starting from 12 months)
according to utility bills and invoices for fuel purchases (Gin, 2018).

2.5.3.2 Environmental Product

, EPD
Declaration (EPD) %

RIFIED

An Environmental Product Declaration (EPD) is a -
global program for environmental declarations based on ISO standards to inde-
pendently verify and register documents of transparent and comparable infor-
mation about the environmental impacts of products. This program now has a
database containing more than 500 EPDs registered by 150 manufacturers from
27 different countries (Vierra, 2019).

However, an EPD does not mean the product is environmentally better
than its alternatives, it is just a declaration of the product’s life-cycle and the
related environmental impacts which can be quite useful for applications such
as Green Public Procurement (GPP) and building assessment schemes (Vierra,

2019).
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2.5.3.3 The Materials Red list

The Red List is a compilation of harmful-to-human & = "% 8 T35
chemicals and materials which must not be used in buildings Free
seeking for Living Building status. There are seven performance
areas “or petals”, included in the Living Building Challenge? that avoids Red List
products. This requirement is intended to ensure the sustainability of buildings

regarding energy conservation, waste limitation and occupants’ health protec-

tion (Green Building Alliance, 2016).

2.5.4 Green Building Rating and Certification
systems

While standards and products certification play an un-neglectable role
in determining the level of sustainability performance of a product, yet they need
to be considered in a larger process to be integrated into the project’s overall
goals which would ensure how sustainable the entire project would be (Vierra,
2019).

Sustainability assessments and sustainability rating systems represent
the framework that should be applied on sustainable constructions (Berardi,
2013), used to rate or reward levels of compliance and performance of that build-
ing against a set of specific environmental goals and requirements (Vierra, 2019).
According to many studies, sustainability assessment is essential to increase the
‘diffusion’ of green buildings (Berardi, 2011). Despite the growing number of as-
sessment systems existing now worldwide yet, unfortunately, the construction
sector has limited familiarity with performance measurements and the diffusion

of assessment systems is still low (Berardi, 2011). However, sustainability meas-

1 The Living Building Challenge is the world’s most rigorous proven performance standard for buildings.

Source: _(https://living-future.org/Ibc/
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urements in the building sector are getting much attention worldwide, effective-
ly moving from just fashionable certifications to on-ground practices (Berardi,
2011). Proof of this, in 2010, 650 million square meters obtained sustainability
certifications all over the world, with projections for 1100 million square meters
in 2012 and more than 4600 million square meters in 2020 (Berardi, 2011).
Possible approaches to sustainability evaluation are: 1) Cumulative En-
ergy Demand (CED) systems which evaluate energy consumption; 2) Life-Cy-
cle Assessment (LCA) which only considers environmental aspects and; Green
Building Rating Systems (GBRS) which assess the total quality of ecological, eco-

nomical and social aspects of projects (Karmany, 2016).

2.6 Summary

Buildings have been found to generate many negative environmental
impacts such as; depleting natural resources of materials and energy, generating
waste, pollution and carbon emissions, affecting global temperatures, water and
air qualities.

However, international responses have initiated many mitigation meas-
ures to counteract against these negative impacts, similar to; Building Standards,
Green Codes, Green Product Certifications (like Energy Star and Environmen-
tal Product Declaration), Life-Cycle Assessment (LCA) as well as Green building
Rating Systems (GBRS), just to name a few.

Reduction of the environmental impacts associated with the design,
construction, operation and management of the built environment requires a co-
ordinated decision making by all the involved stakeholders across all the stages
of the buildings’ lifecycle.

Thus, an efficient green building should mirror the three pillar-aspects
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(e.g. economic, social and environmental) which is known as ‘the triple bottom
line principle’ of sustainable development.

Additionally, in order to fulfill these objectives, there has to be a syn-
ergistic ‘holistic’ relationship between these pillars, corresponding to the basic
principles of efficient buildings (Figure 9, Figure 10, Figure 11 and Figure 12), and
each should be over-arched by a set of process-oriented measures (Akadiri, et al.,
2012). All of these measures will form a framework that will guide the construc-
tion into an iterative process at all levels within all disciplines, supporting learn-
ing and improving implementation all along the process, and eventually assuring
that the taken decisions follow the road of sustainable development (Akadiri, et

al., 2012).

In short, a green building needs to be a healthy facility adopted to a cra-
dle-to-cradle resource-efficient manner, using ecological principles, social equi-
ty, and life-cycle quality as the main design guidelines (Berardi, 2013).

Environmental assessments can offer many benefits providing the main
sustainable design guidelines and documenting environmental impacts so as the
resulted information can be communicated to the different involved stakeholders

(Scheuer & Keoleian, 2002).
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Figure 9. Framework for Sustainable Building Delivery Process. Adapted from
(Akadiri, et al., 2012).

Figure 10. Framework for Sustainable Building Delivery Process
(Part 1: Environment Conservation). Adapted from (Akadiri, et al., 2012).
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Figure 11. Framework for Sustainable Building Delivery Process
(Part 2: Economic Efficiency). Adapted from (Akadiri, et al., 2012).

Figure 12. Framework for Sustainable Building Delivery Process
(Part 3: Social Adaptation). Adapted from (Akadiri, et al., 2012).
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Figure 13. Chapter 3 Scheme (Author, 2019).

“A change anywhere is a change everywhere”
- Autodesk
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CHAPTER 3 GREEN BUILDING
RATING SYSTEMS (GBRS)

3.1 GBRS Overview

In response to the formidable impacts buildings have on our environ-
ment, a consensus among environmental-performance-committed organizations
has grown in the last few decades to develop strategies and actions to direct build-
ing activities to be more sustainable (Akadiri, et al., 2012), and to clearly define,
implement and measure green strategies and evaluate their outcomes (Vierra,
2019). However, constructing sustainable buildings can involve various tools and
systems making the development of Environmental Assessment (EA) tools quite
an important task to provide guidelines for greener designs, actions and manage-
ment processes. Only then they can truly enhance decision-making as for being
supported by quantitative data and verifiable indicators (Kajikawa, et al., 2011).

Worldwide, building rating and certification programs are third-party
systems that provide guidance, evaluation tools, verification and recognition for
buildings’ efficiency or sustainability (Gin, 2018). Generally, Certification sys-
tems are used for sustainability assessment in either buildings or neighborhoods
of which main goal is to reach the highest possible performance for buildings
by covering all the environmental aspects related to a building’s life cycle (Mo-
hamed, 2018). They mainly include quantitative standards to measure the con-
cept of sustainability in any region, define a set of criteria in addition to a rating
system for assessing and scoring projects in different processes. The results can

be quite useful for the decision-making of users such as governments, planners,
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designers, owners or investors (Kajikawa, et al., 2011). Identification and reali-
zation of the benefits of these standards can help in the adoption of proper strat-
egies and the optimization of performed activities ending up with more compre-

hensive sustainable development achievements. (Hamedani & Huber, 2012).

3.1.1 GBRS: Benefits

Generally, the main objective of Environmental Assessment tools is to
enhance the environmental performance of buildings and reduce their negative
impacts. This goal can be achieved by comprehensively assessing the building
performance and environmental characteristics of these building using a set of

criteria to guarantee high environmental standards (Kajikawa, et al., 2011).

Nevertheless, there is a wide range of benefits that can ultimately en-
courage designers to go through the certification process, such as;

1. Setting a common objective (from the beginning) for the involved
teams: to collaborate and integrate their aesthetical, technical, function-
al as well as energy performance- and building life-cycle- related exper-
tise (Stamenov, et al., 2016).

2. Outlined green standards products: that should be included,
which helps to feed the market with more ‘green’ options (Vierra, 2019).
3.  Enhanced building performance: by implementing green building
principles regarding energy and water conservation, indoor air quality
improvement, better selection of building materials and driving innova-
tion (Vierra, 2019).

4.  Running cost reduction: the operation cost in certified buildings

can be less by 40% as a result of the energy and water consumption re-
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ductions.

5.  Better market opportunities: certified buildings gain higher asset
values and consequently higher rates of lease-up and return on invest-
ment would both increase up to 7% (Vierra, 2019). Certification also en-
sures higher value of money and lower investment risks for owners and/
or investors (Stamenov, et al., 2016)

6.  Verified Green nature of projects: which can be a valuable edu-
cational and marketing tool to widen creating green efficient buildings
(Vierra, 2019).

7. Incentive for different stakeholder: to promote their construction

practices sustainably (Vierra, 2019).

3.2 Choosing the Right Rating System

Nowadays, there are numerous green building certification programs in
use around the world; of which some cover all aspects of what makes a building
green, while the others focus on single attributes such as ecological or energy
efficiency aspects (Gin, 2018), while some other tools include the sociocultural,
occupant’s health and comfort or the economic aspects so as to enhance the over-
all sustainability of the assessed project (Kajikawa, et al., 2011).

Green building professionals may decide to pursue one or multiple green
building certifications based on the project priorities, marketability and leasing
benefits, available incentives building type applicability, expectations of occu-
pants, mandatory development requirements and cost (Kajikawa, et al., 2011).

There is a number of prominent GBRS including Building Research
Establishment Environmental Assessment Methodology (BREEAM) in the UK,
Leadership in Energy and Environmental Design (LEED) in the US, Green Star
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in Australia, German Sustainable Building Council System (DGNB System) in
Germany, Estidama in the UAE and Green Pyramid Rating System (GPRS) and
TARSHEED in Egypt as well. As different types of buildings have different char-
acteristics of performance, most of the aforementioned systems have a range of
subsets that could better fit building projects according to which the assessment
process and the assessed criteria are defined;

Life-Cycle Stage: Conceptual Design and Planning, construction, op-
eration, etc. (Gin, 2018).

Building status: new construction or retrofit (they need to be assessed
differently due to the difference between the followed guidelines and actions);

Building type: such as schools, commercial, office buildings, residen-
tial, healthcare facilities or neighborhoods (Kajikawa, et al., 2011; Collinge, et al.,
2015).

Consideration of Location and climate: some systems can be
used globally (such as LEED and DGNB) while others are context-specific (like
Comprehensive Assessment System for Built Environment Efficiency, CASBEE
in Japan)) (Kajikawa, et al., 2011) (Gin, 2018).

This is why a single green building rating system cannot be globally con-

venient (Collinge, et al., 2015).

In the last few decades, these systems had a powerful positive impact
in improving the designs and performance of the built environment (World
Resources Institute, 2016), by creating conversion tools for high-performance
buildings, credibility of a third-party verification, in addition to a competitive
atmosphere among building owners (Gin, 2018).

A comparison between LEED, BREEAM, DGNB, GPRS, TARSHEED
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needs to be done in order to compare their features and indicate the advantages

and potentials that needs to be adopted to enhance the Egyptian certification

systems.

However, before comparing the above-mentioned systems, there are

some important definitions to be pointed out:

A Rating system: is the specific boundaries for the evaluated indica-
tors classified by the criteria value factor and the minimum required
level.

A Certification process: is where the necessary measures and steps
to award a certification are described.

A Scheme: the type of buildings the system assesses

A Category: a set of performance criteria in one area of focus

A Criterion: an aspect that states the main specifications of the deter-
mined objectives.

An Indicator: is measurable quantitative evaluation of the criteria,
which can be described by more than one indicator.

Ratings: The level of certification a project receives determined by the

points acquired from meeting the requirements of each criteria/ cate-

gory.
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3.3 International Green Building Rating Systems

3.3.1 Building Research Establish- VDEE A M
ment Environmental Assessment Method |.—J- LL ]
(BREEAM)

The world’s first, most widely used green building rating system.
BREEAM was launched in 1990 (Kajikawa, et al., 2011) and has served as a basis
for many of the green building certification systems that were established after-
wards such as LEED and Green Globes (Vierra, 2019). BREEAM is owned and
managed by the British firm; Building Research Establishment (BRE) Global.
There are more than 562,400 developments certified by BREEAM and more than
2.2 million buildings have registered for assessment from 76 different countries
since its launching (Gin, 2018). BREEAM is expectedly more popular in Europe,
found to have an 80 percent market share across Europe for sustainable building
certification (Gin, 2018).

3.3.1.1 BREEAM Schemes

BREEAM has multiple technical standards to evaluate the sustainable
performance of projects as follows;

« Master planning, for communities;

+ Buildings, for new construction;

« In-use, (existing buildings and operations);

* Refurbishment and fit-out, (for interiors and renovation projects)
and;

+ Civil Engineering and public realm, for infrastructure (Gin, 2018).
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3.3.1.2 BREEAM
Categories

BREEAM offers assessment
of nine categories of environmen-
tal issues (plus innovation) (Table
1), which address building-related
environmental impacts, giving each
a number of assigned credits (Gin,

2018).

3.3.1.3 BREEAM
Certification Process

Certification process of
BREEAM (Figure 14) starts with hir-
ing a local, independent BREEAM
assessor (who is trained, qualified
and licensed by BRE Global Ltd.) to
register the project. They start the
process by carrying out a pre-assess-
ment then project teams collect and
provide evidence documents during
design and construction. Once the
assessment is complete (assuring
the required qualities), BRE Glob-
al Ltd. issues BREEAM certificate.

This 30-year old methodology is

Table 1. BREEAM, Credit categories and
weightings (Kshirsagar, et al., 2015).
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Figure 14. BREEAM, Certification

process (Gin, 2018).
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now being adopted in the U.S. under an initiative by a consulting firm named
BuildingWise providing the American market with BREEAM USA (only for ex-

isting operational buildings at this time) (Gin, 2018).

3.3.1.4 BREEAM Certification Ratings

In BREEAM, projects are certified on a scale (Table 2) of pass, good, very
good, excellent and outstanding, where pass reflects the minimum standard good
practice of sustainable design is being used and outstanding reflects the high-
est-possible level of innovation. Minimum requirements must be met, although
these requirements depend on the pursued certification level. This means, for in-
stance, that a project certified as excellent-level (or higher) must meet additional

minimum number of criteria compared to a pass or a good level.

Table 2. BREEAM, Certification ratings.
Uuisinmding  Excellent Very good Ligspil Paas Unglnsaified
z#g T z 58 z 48 2 g0 T

3.3.2 Leadership in Energy and
Environmental Design (LEED)

LEED was created by the U.S. Green Building Council
(USGBC) in 1998 (Karmany, 2016). Since then, it has been one of the most wide-
ly used green building certifications. There are now more than 90,000 projects
participating in LEED in 162 different countries, in addition to the approximately
200,000 LEED credential holders. LEED rating systems are regularly updated
by the USGBC while Green Business Certification Inc. (GBCI) is responsible for

the project certification and credential exams (Gin, 2018).
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3.3.2.1 LEED Schemes

+ (BD+C) Building Design and Construction, for buildings newly
constructed or going through major renovations. This rating includes
adaptations of different building types, such as; New construction, Core
and Shell, Schools, Retail, Hospitality, Data centers, Industrial ware-
house and Distribution Centers as well as Healthcare;

+ (ID+C) Interior Design and Construction, for ‘complete’ interior
fit-out projects including Commercial Interiors, Retail and Hospitality;

+  (O+M) Building Operations and Maintenance, for buildings un-
der-going improvement works, or little-to-no construction;

+ (ND) Neighborhood Development, for new land development or
pre-development projects including residential, non-residential and
mixed-use;

+ (Homes), for single family homes, low-rise multi-story (from one to

three) or mid-rise multi-story (from four to six) (Gin, 2018).

LEED introduces updated versions every three years or so as a reflection
for building codes, products and technologies new improvements. Since the first
pilot LEED v1.0 was launched by the USGBC in August 1998, LEED Rating Sys-
tem continued to evolve in versions (2), (3 known as version 2009) and the most

recent (V4) (Gin, 2018).
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3.3.2.2 LEED
Categories

LEED credits are grouped
in multiple categories in (Table 3),
to focus on each aspect of what could
make a building green. A LEED
Checklist (a one-page document that
gives a summary of the certification
strategy used for this project) to iden-
tify the credits and pursued certifica-
tion level along with the rating type

and the version the project falls un-

der (Gin, 2018).

Within each category, there
are credits that pertain to specific sus-
tainability strategies such as; the use
of low-emitting products, reduced
water consumption, energy efficien-
cy, access to public transportation,
recycled content, renewable energy

and daylighting (Vierra, 2019).
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3.3.2.3 LEED Certification Process

All projects pursuing LEED certification must meet the mandatory pre-
requisites such as minimum energy and water-use reduction, recycling collection
and smoke control (Vierra, 2019) regardless of the level of target certification.
The total points are 110 points and credits may receive from 1 to 18 points de-
pending on how influential they are on reducing negative environmental impacts

(Gin, 2018).

The “online” LEED certification process (Figure 15) starts with project
registration. Afterwards, the project team communicates with the GBCI using the
“LEED Online” platform. As soon as the team members are assigned to credits
and prerequisites, project documentation including drawings, calculations, en-
ergy model, material project data are all uploaded to be reviewed (Gin, 2018).
Then it is optional to either submit design credits first and earn the construction
credits at the end of the project, or to submit the documentation all at once when
the project is complete. LEED certification, except for Homes, does not require

any on-site assessment (Gin, 2018).

3.3.2.4 LEED Certification Ratings
There are four levels of certification as illustrated in (Table 4) (USBGC,
2019). In LEED, all projects pursuing certification have the same minimum re-

quirements to meet regardless of the certification level (Gin, 2018).

Table 4. LEED, Certification ratings (USBGC, 2019).
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3.3.3 Deutsche Gesellschaft fiir Nachhal-
tiges Bauen (DGNB)

The German Sustainable Building Council (or Deutsche Ge-
sellschaft fiir Nachhaltiges Bauen — DGNB) has developed a certification system
regarding the economical, ecological and social aspects in planning, construction
and operation of buildings in Germany in 2007 (Hamedani & Huber, 2012), with
a main objective; to emphasize a wider view on sustainability (Hristova, 2016).

DGNB focuses on integrating Building Life-Cycle Assessment in their
requirements. In the 2018 version, further steps have been taken towards pro-
moting Life-Cycle Assessment, real sustainability and measurable improvements
regarding carbon footprint and other environmental impacts (Horster, 2018;
DGNB, 2018).

DGNB has been widely adopted in countries other than Germany
(DGNB, 2018).

3.3.3.1 DGNB Schemes

DGNB certification system offers different schemes such as certificates
for (Bernardi, 2013);

« Existing Buildings, for offices, residential buildings,Industrial build-
ings, commercial buildings;

+ New Buildings, offices and administration, healthcare, educational
facilities, hotels, retail, assembly buildings, industrial, tenant fit-out and
industrial locations.

« New Districts, for Urban and business districts.

These schemes make it possible to plan, construct, operate and certify

buildings on a uniform basis.
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DGNB always develop and update its schemes according to the interest
of the market (DGNB, 2018).

3.3.3.2 DGNB  Categories

DGNB offers 6 categories (also called qualities) presented in (Table 5).
The first four qualities take up to 22.5% of the total score. The quality of Process
takes 10% where Site does not give any points yet has to be documented. These
categories consist of subgroups (called criteria), which are given different weights
with a factor. These criteria are prioritized by their significance (Hristova, 2016).

An advantage of DGNB is that none of these categories’ quality can be
overlooked, meaning that there is a minimum acceptable score that must be
reached in order to get the building certified. This way ensures an overall high
quality for all the features in the assessed building (Hristova, 2016).

Table 5. DGNB, Credit categories and
weightings per each (DGNB, 2018).
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3.3.3.3 DGNB Certification Process

To start the DGNB certification process, there are a few prerequisites
need to be first met (DGNB, 2018);

1. The building needs to be classified into one of DGNB’s schemes.

2. The certification of the building must occur not later than 3 years

after the building is completed and commissioned.
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3.  There are specific minimum requirements regarding Indoor Air
Quality, Design for all and Legal Requirements for Fire Safety and
Sound Insulation must be achieved.

4.  The submitted reports and simulation should be based on con-
structed buildings.

To start the certification process (Figure 16), the contractor needs to

find a suitable DGNB auditor (a
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fication (DGNB, 2018). The auditor

is also responsible for following the Figure 16. DGNB, Certification
process (DGNB, 2018).

design work and collecting the re-
quired documents from the design team. In some cases, assessors can even offer
to help the team (Hristova, 2016). The contractor enters into two contracts; one
with DGNB and the other with the auditor, (there is no contractual relationship
between DGNB and the auditor) to guarantee the greatest possible degree of ob-
jectivity and independence (DGNB, 2018).

There are a number of necessary documents that must be submitted by
the design team to DGNB including; description of the building (built up area
and number of floors as well as drawings of elevations, sections, floor plans, lo-
cation plan and layout), specification of technical installations, description of the
energy performance, the DGNB evaluation matrix, organizational chart and con-

tract form of the project, expected time of pre-certification and handover.
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Additionally, the following calculations need to be enclosed: LCA cal-

culation, LCC calculations as well as calculations for water use (Hristova, 2016).

Fulfilment of the criteria is measured with checklist points (called tjekli-

stepoint or TLP) which are later converted into evaluation points (EVP) using an

evaluation matrix. The final score is presented in percentages divided into three

levels: Silver, Gold and Platinum. DGNB certification process can be conducted

during the design phases but no later than project completion (Hristova, 2016).

3.3-3.4

The necessary documents
to be delivered include: description
of the building, specification of the
technical installations, description of
energy concept of the building, DGNB
evaluation matrix, estimation of built
area by floors, organizational chart
and contract form for the project, in-
formation about the estimated time
of precertification and handing over.
The drawings required are: eleva-
tions, sections, floor plans and loca-
tion plan. Also the LCA calculations as
shown in (Table 6), must be attached.

(Hristova, 2016).

DGNB Certification Ratings

Technology Project Area

LCA * Global warming potential

* Ozone depletion potential

+ Photochemical ozone creation
potential

+ Acidification potential

« Eutrophication potential:

To restrict the use of some substances

and materials

Environmental .

Risk of building

materials

Environmental * To use certified materials

impact of use of

resources

LCA + Total primary energy demand

* Proportion of renewable primary
energy (including embodied and
operational energies)

Water demand + Drinking water
+ Waste water volume
Land use « Efficient use of building’s land plot
efficiency + Soil contamination studies
Table 6. DGNB, Documents required for

LCA (Hristova, 2016),
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Depending on the degree of compliance, the evaluated project is award-

ed with either Gold, Silver or Bronze (Table 7).

Table 7. DGNB, Certification ratings
(Hristova, 2016)

Gold Silver Bronze
z2Bo% G5-70.0 % Gi=-64.0 %
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3.4 Green Building Rating Systems in Egypt

LEED is the most popular environmental policy followed for buildings in
Egypt. LEED aims at saving natural resources and promoting the use of clean and
renewable resources of energy. It also focuses on reducing water consumption,
selection of healthier construction materials and encouraging design innovation.
LEED-certified buildings have proved to save 40% of their energy consumption
compared to conventional buildings as well as retaining higher property values
and being qualified to receive incentives like tax rebates and zoning allowances
(Khodeir & Nessim, 2017).

According to the USGBC, around 50 buildings are registered to acquire
the LEED certification in Egypt, which are mostly located in Cairo and Giza re-
gions (USBGC, 2019), most of them are owned by private sector. The first Egyp-
tian LEED project was certified in 2010, while the first Egyptian project started
the registration process in 2007.

For the first time in Egypt and North Africa, a building (Credit Agricole
Egypt Head Office, Figure 17), designed by ECG, was awarded LEED Platinum

certificate in 2016 with a total score 81 points out of 100 (Figure 18).
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Figure 17.Credit Agricole Figure 18. Credit Agricole
Egypt, Headquarters. Egypt: LEED credit achievement

Source: (www.kemert.com.eg/ ) Source: (gbib, 2019).
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3.4.1 Green Pyramid Rating System
(GPRS)

The Egyptian Green Building Council (EGBC) was estab-
lished in 2009 by a group of members from national and international origins
including governmental ministers, NGOs officers and others. The green building
code in Egypt was first developed when the Energy Efficiency code was created.
The council’s main target was to establish a systematic mechanism to encourage
building professionals to adopt codes satisfying concepts of energy efficiency and
environmental conservation (Hanna, 2015) as well as to raise awareness of the
necessity of adopting green building principles within the Egyptian context (Kar-
many, 2016).

3.4.1.1 GPRS Categories

The GPRS evaluates a building’s performance regarding the credit cat-

egories mentioned in (Table 8), from Category ' Fusints
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and water efficiencies are the most im- 3~ "aer Bficieny it
4 Materole sre Rmcarrres =i
. . . i I 2 i (e
portant categories in this assessment *  [reer Birmmenis] Guality
i Management L]
. . . 2 Innovwtion asd sdded val Buseais
given (50 and 70 credits respectively) e i
(Hanna, 2015).Innovation and added
Table 8. GPRS, Credit categories and
value are considered as a bonus. weightings per each (Karmany, 2016).

3.4.1.2 GPRS Certification Process
The assessment process evaluates a project using a spreadsheet as fol-

lows (Figure 19);
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1. The number of awarded credits is calculated for each category
then determined by a green pyramid.
2.  The credits achieved are calculated for each green pyramid.

3.  The section score is calculated by multiplying the archived cred-

itS by the percentages Of the H Calculate awarded credits for each category

1 1 1 - tormine achieved credits for each greer
corresponding weightings. J|  Determine achioved creditsfor each green
4.  All the scores are add- weighting percentages o caletiate Seore
e d tO give the tO ta] green ' ‘ f;-:x;:i:::éddedm calculate the total green

Final Certification

pyramid rating.

Figure 19. GPRS, Certification
process (Hanna, 2015).

3.4.1.3 GPRS Certification Rating

A project must satisfy all the mandatory minimum requirements with
more credit points (gained by meeting certain criteria) to earn the Pyramid certi-
fication. The rating credits are as follows (Table 9):

GPRS certified (40 — 49 credits), Silver pyramid (50 — 59 credits), Gold
Pyramid (60-79 credits) and Green Pyramid (80 credits and above). While pro-

jects with less than 40 credits are classified as “uncertified” (Hanna, 2015).

Table 9. GPRS, Certification ratings (Hanna, 2015).
Girecn Gold Sibvrer Certificd Uneertified
= Bo BO-TH 50-50 440 FT

3.4.2 TARSHEED
TARSHEED is the Arabic word for ‘Rationalization’. It is a new rating
system developed by Egypt Green Building Council (EGGBC) after studying a

number of green building assessment systems such as BREEAM, LEED, ESTID-
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AMA and EDGE. The main goal is to achieve savings that exceed the

conventional design according to a set of credits under each category ‘f '

(Karmany, 2016).

3.4.2.1 TARSHEED Schemes

TARSHEED offers different schemes to certify (Egypt Green Building

Council, 2015);
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Residential (Basic, advanced), Commercial and Community.
3.4.2.2 TARSHEED Criteria

Integrative Process: ensures collaboration between the diverse team
members during the pre-design phase (no credit);

Indoor Environmental Quality: focuses on promoting indoor air
quality, daylight access and natural views;

Neighborhood Pattern & Design: emphasizes on creating com-
pact, walkable, vibrant and mixed-use neighborhoods with good con-
nections to neighboring communities;

Sustainable Sites: focuses on how to reduce negative impacts on eco-
systems and water resources;

Green Infrastructure & Buildings: emphasizes on reducing the
environmental consequences resulted from either the construction or
the operation of buildings and infrastructure;

Innovation: design measures that are not covered under the other

TARSHEED credit categories (Table 10).

3.4.2.3 TARSHEED Certification Process

A project can be TARSHEED certified when a minimum of 20% reduc-
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tion in energy, water and habitat is achieved. The assessment happens in two

stages:

Preliminary assessment (at the design stage), and;

Final assessment during construction and handover.

Table 10. TARSHEED Point Distribution based on
category (Karmany, 2016).

g e A b i i S T s L e, e

Category Podnis
1 Energy a3.2%
2 Water A3.3%
Duidoar (42%)
q Hahita1 Material (4% 33.3%
Indaor [24%)
Total L

3.5 Comparative Analysis between BREEAM, LEED,
DGNB, GPRS and TARSHEED
Understanding the similarities and differences between the rating sys-
tems can help to find more green building solutions context-suitable for each

assessed project, widening the limits professionals can meet when obliged to a

single green building framework.
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Figure 20. Graphical Illustration for the comparison between BREEAM, LEED,
DGNB, GPRS and TARSHEED Criteria (Author, 2019).

3.5.1 Similarities

From the comparison (Figure 20), there are common characteristics
between the mentioned GBRS, as they all focus on mutual aspects such as; Site
Design, Land and Transportation, Energy efficiency, Water Efficiency, Materials
and Resources as well as Indoor Environmental Quality.

In addition, there are no fundamental differences between the certifi-
cation tools regarding the steps required for the process. They all begin with: 1)
project registration; 2) completion and submission of assessment documents to
the certification institute; 3) examination of criteria; 4) rating and; 5) issuance
of certificate.

Also, the assessment method, which is performed by a third-party, is
usually similar except that in LEED, GPRS and TARSHEED it is not necessary
that a trained professional should be examining or submitting the project’s docu-
ments. However, it is considered as an extra merit for the project’s accreditation
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when dealt by a LEED Accredited Professional (AP) (Hamedani & Huber, 2012).

3.5.2 Differences
Yet, the major differences noticed between the certification systems are
as follows;

« Criteria: each certification system gives attention to specific sub-
jects more than the others (Hamedani & Huber, 2012) as follows;

o BREEAM addresses Management, Transportation and efficient
use of resources, life-cycle costs, service life planning and respon-
sible construction practices (Gin, 2018). BREEAM also is the most
dependent on environmental conditions and characteristics of the
assessed projects (Hamedani & Huber, 2012);

o LEED gives more attention to Location of new and existing com-
munities and Design and Planning;

o DGNB focuses on more Life-cycle phases, technical, economical,
process and construction management qualities. DGNB also tar-
gets the cohesion of sustainable development aspects (e.g. envi-
ronmental, economic and social) (Hamedani & Huber, 2012).

Even the categories common between the different GBRS differ in scope
and content according to local needs and priorities (Karmany, 2016).

+  Weight: which defines the significance of each category based on the
local needs and environment of the issuing country (Karmany, 2016).
For instance, DGNB has 5 main groups each with a weight of 22.5%, ex-
cept for the process quality which only weighs 10%. While in BREEAM,
criteria have different weights (Hamedani & Huber, 2012), giving Ener-

gy the highest priority (Karmany, 2016). LEED (followed by GPRS) is
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mostly similar to BREEAM in this regard, that each criterion has differ-
ent weight based on its importance (Hamedani & Huber, 2012).

LCA inclusion: Most of the mentioned GBRS take into account the
design and construction phases of the project. Only DGNB additionally
evaluates the operation and Maintenance phases of the assessed build-
ing’s lifecycle (Collinge, et al., 2015).

Simplicity of practice: LEED (as for being the most compatible
with common plans and elements of urban planning) and TARSHEED
use simpler rating system compared to the other certification systems,
BREEAM comes next (using the pre-weighted categories method and
its criteria for achieving credits) and finally DGNB (Hamedani & Huber,
2012).

Flexibility: BREEAM and LEED have the largest number of certified
buildings globally due to their flexibility. Countries other than the UK
and the US can adopt their local standards instead of the international
standards in the two assessments to evaluate green criteria (Doan, et al.,
2017).

Minimum accepted score: In LEED, this is defined as the pre-re-
quirements (mandatory credits in BREEAM), meaning that some crite-
ria are critically necessary. In DGNB, the minimum score is considered
individually in each main group. Thereby, the final rating of the project
depends on both the total score as well as this factor. This guarantees a
minimum quality level for all the elements of the project (Hamedani &
Huber, 2012). In GPRS, there is a minimum credit points mandatory for

each category (like BREEAM).
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Rating levels: each of the certification tools applies a different rating
system. DGNB found to be the strictest, then comes LEED, BREEAM
and finally GPRS and TARSHEED. Nevertheless, BREEAM has a wid-
er range of labels for certification where the rank “outstanding” needs
very special requirements and it is much more difficult to get compared
to the highest rankings in the other certification systems (Hamedani &
Huber, 2012).

Context adaptability: DGNB is being adapted for 9 countries not only
in Europe but also in Asia and South America. There are 13 countries
that are applying the international version of the assessment. BREEAM
targets the European market, where 7 countries adapted the assessment.
LEED has been adapted for 5 countries.

Transparency: LEED calculates the final results in a more transpar-

ent rating approach.

59



ING SYSTEMS

GREEN BUILDING RAT

6).

15; Karmany, 201

al., 20

BREEAM, LEED, DGNB, GPRS and TARSHEED (1/3).
; Kshirsagar, et

n between

Compariso
Adapted from (Hamedani & Huber, 2012

Table 11.

AAISHYL




Comparative Analysis between BREEAM, LEED, DGNB, GPRS and TARSHEED

Table 12. Comparison between BREEAM, LEED, DGNB, GPRS and TARSHEED (2/3).
Adapted from (Hamedani & Huber, 2012; Kshirsagar, et al., 2015; Karmany, 2016).
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Table 13. Comparison between BREEAM, LEED, DGNB, GPRS and TARSHEED (3/3).
Adapted from (Hamedani & Huber, 2012; Kshirsagar, et al., 2015; Karmany, 2016).
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3.5.3 Recommendations

In general, there are some measures that need to be addressed to im-

prove GPRS and TARSHEED as the national rating systems in Egypt;

Including the life-cycle phases of operation, renovation, demolition and
recycling/ reusing and disposal of building waste as well as life-cycle
cost assessment (Karmany, 2016);

Adding schemes for all project types and buildings (Karmany, 2016);
Considering the special heritage, cultural and regional variations in the
Egyptian context;

Paying attention to economic and social aspects as much as the environ-
mental performance;

Including categories and credits for reduction of pollution and waste
(Akadiri, et al., 2012);

Considering regional priority and transport (Kshirsagar, et al., 2015);
Giving more attention to management and maintenance (Kshirsagar, et
al., 2015);

Accepting construction and architectural professionals (in GPRS) to be-
come members of The Egyptian Green Building Council;

Specifying credits for categories such as; Management, innovation,
building aesthetics as well as socio-cultural and heritage aspects (Kar-
many, 2016);

Including credits that encourage the selection of green materials (proved
with Environmental Product Declaration (EPD));

Allowing the users to understand the intent behind each requirement

so as to promote innovation and savings application (Karmany, 2016);
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3.6

Involvement of assessors or accredited professionals at the design stage,
as it becomes very beneficial to the process in terms of the comprehen-
sive inclusion of sustainable design criteria and the final certification

(Kajikawa, et al., 2011).

Summary

The chapter focused on presenting five GBRSs; BREEAM, LEED, DGNB

as well as GPRS and TARSHEED. An overview along with the schemes, catego-

ries, certification process and ratings have been explained in detail. The compar-

ative analysis provided a clear understanding of the metric of each system and

helped to point out the similarities and differences between the selected systems.

Through the reviewed literature, DGNB has proved to be a good model

for the purpose of the research for the following reasons:
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DGNB assesses a wide range of schemes;

DGNB is claimed to have the most holistic perspective on sustainability
by offering a complete framework, where the widest range of fields are
assessed. (Hristova, 2016). This definition has a great influence on ar-
chitects’ and contractors’ awareness, understanding and knowledge of
sustainable design (Hristova, 2016).

DGNB provides an operative definition of sustainability that brings
the designers’ and owners’ attention to further sustainability concepts
that they already had considered but not explicitly documented or an-
nounced within their profiles (Hristova, 2016; Miranda, 2013).
Itlargely considers the Life-Cycle of buildings which leads to more trans-
parent and well-defined processes resulting in minimized construction,

operation, renovation and removal risks (Miranda, 2013);



Summary

DGNB has been adapted for the largest number of countries compared
to BREEAM and LEED in different regions of the world, which shows
the applicability of DGNB in different contexts;

DGNB demonstrates the positive effects of the assessed buildings on
both the environment and society, considering economic and functional
aspects too (Miranda, 2013). In addition, none of the assessed catego-
ries’ qualities can be overlooked, as for instance, the economic dimen-
sion is given the same weight as the environmental and social aspects
(all evaluated with 22.5%) (Hristova, 2016).;

DGNB helps to promote collaboration between the stakeholders includ-
ing the client, architects and contractors gaining an improved and mu-
tual understanding of the project goals thanks to DGNB target levels
(Hristova, 2016).

DGNB gives the architects and contractors the chance to form a com-
mon language and discussion on sustainable building design, which was
not often practiced (Hristova, 2016);

DGNB stimulates innovation as for setting functional requirements for a
building’s performance. This requirement offers designers more oppor-
tunities to make alternative solutions and encourages creativity (Hris-
tova, 2016).

DGNB assesses every project uniquely, both quantitatively and quali-
tatively, as the assessors tolerate the specificity of each building while
considering various types of documentation (Hristova, 2016).

DGNB does not only assess individual measures, but it is concerned

about the overall performance of the assessed building, which ensures a
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holistic sustainable product (DGNB, 2018).

- In general, compared to other green building rating certifications, the
requirements of DGNB are usually higher. This serves as a powerful
motivation for building professionals to cover more than the minimum
requirements. While for building owners, the motive would be the in-
creased sales value of the building (the certification can serve as a guar-
antee for the building’s quality which increases the sales price of the
asset) as well as guaranteeing less expenses on the long term (Hristova,
2016).

- The flexible update of the certificate so it can be adapted to technical,
social and international developments (Miranda, 2013).

- The certification process ensures a high degree of certainty that the
sought sustainability-performance can be achieved at the time of com-

pletion (Miranda, 2013).

However, there is still a need for a balanced rating system that is simple,
straight forward and complete in coverage that can be specially tailored for the
Egyptian context, so as to assess the sustainable design of projects that meets
national laws and codes and at the same time suits the local needs and strategies
and enhances the common technical knowledge.

This would significantly improve the picture of the “too complex” envi-
ronmental assessments amongst the stakeholders involved in the AEC industry

which would relatively speed up the adoption of sustainable practices.
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Figure 21.

Chapter 4 Scheme (Author, 2019).
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"When we build, let us think that we build forever".
- John Ruskin




LCA Overview

CHAPTER 4 LIFE-CYCLE
ASSESSMENT (LCA)

4.1 LCA Overview

As the building sector has been developed severally in the last two dec-
ades, also methods seeking environmental assessment of ‘human activity’ have
been developed, such as Environmental Risk Assessment, Material Flow Ac-
counting, Input-Output Analysis and Life-Cycle Analysis (LCA) (Berardi, 2011).
These new methods were reflecting the concepts of meeting present needs with-
out compromising the future generations’ needs and in consequence the urgen-
cy to evaluate the occurring impacts from an environment, social and economic

perspectives (Collinge, et al., 2015).

4.1.1 LCA: Definitions

LCA is the most commonly used system among the above-mentioned
systems (Berardi, 2011). It can be defined as ‘a systematic tool for evaluating the
“cradle-to-grave” environmental performance aspects (Rodriguez, et al., 2019)
and related impacts where the material and energy flows of a system, product or
process are quantified and evaluated through all its life-cycle stages’ (Ramesh,
et al., 2010) (Chhatwani, 2015). A Life-cycle of a building (Figure 22) consists
of the consecutive phases that building passes through its life time starting from
raw material extraction, manufacturing of building materials, project design pro-
cess, assembly of construction materials on-site, occupation or operation, main-
tenance and repair and eventually demolition and disposal or re-use. (Wong &
Zhou, 2015).
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Studies regarding life cycle energy use of the building are of a great im-
portance, as they are mainly used to evaluate the inputs of resources such as

energy, water and materials and the outputs similar to CO2 emissions, solid and
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Figure 22. Life-cycle of a building. Source: www.greenbuilding.saint-gobain.com

liquid wastes of a process (Chau, et al., 2015). Subsequently, environmental im-
pacts such as global warming, ozone depletion, eutrophication and acidification
are then analyzed, quantified and evaluated regarding energy consumption and
waste generation. Therefore, it has been used as a method to improve the con-
struction industry from a sustainability point of view (Ramesh, et al., 2010).

Relatively, making a building “energy efficient” requires the selection of
appropriate actions and technologies in each stage of a building’s lifecycle to de-
termine how these efficiency options work. Therefore, definition of LCA system
boundaries, description of the physical characteristics of the building can signif-
icantly affect the found results (World Resources Institute, 2016).
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4.2 LCA: Process
As shown in (Figure 23), In-
ternational Organization for Stand-

ardization (ISO) in ISO 14040 and o

Lifecpele

T e

14044 describes the four major phas-

es an LCA mainly follows:

4.2.1 Definition

of Goal and scope

- Where the objectives (or pur-
Figure 23. Graphical representation
poses) of the LCA whether of LCA stages (Ormazabal, et al., 2014)

product comparison, im-

provement-oriented (or other) and description of the physical charac-

teristics of the building as well as system boundaries and the established

functional units are all defined (Rodriguez, et al., 2019) (Collinge, et al.,

2015).

4.2.1.1 Functional unit

Definition of the functional unit is a key step of an LCA. A functional unit
is a quantified measure of the performance of the functional outputs of a prod-
uct’s system (Ghattas, et al., 2013) (Michalski, 2015). It is essential to compare
between two or more aspects regarding one constant unit (Ghattas, et al., 2013).

4.2.1.2 Lifetime

Similarly, determination of the lifetime of a building is a key considera-
tion for performing an LCA. It usually varies from 30-50 years according to the

literature reviewed (Ghattas, et al., 2013).
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4.2.1.3 System boundaries

It is necessary to clearly define the included and excluded activities in an
LCA study, as life-cycle of even the simplest products can become quite complex.
This applies on the life cycle phases which will be included in the assessment,
such as; ‘cradle-to-site , use phase, or ‘cradle-to-grave? . In addition, graphical
boundaries are a key differentiator between studies, which affects many aspects
regarding locally available energy and material resources and climatic zones.
Also, location is a key factor as it directly affects transportation during construc-
tion and use phases of the building (Ghattas, et al., 2013).

4.2.1.4 Considered materials

As such, the materials (or combination of materials) selected to be con-
sidered in an LCA assessment depend on the goal of the study and the audience

to whom it will be addressed (Ghattas, et al., 2013).

4.2.2 Life-Cycle Inventory (LCI)

- Where input, processes, emission and resource use relative-data are
collected from literature or life-cycle databases. Then, calculations to
quantify material, energy inputs and system outputs are performed so
as to evaluate the significance of potential environmental impacts based
on the LCI (Ramesh, et al., 2010). Collection of inventories differs ac-
cording to the system boundaries. This second phase is critical phase as
the whole results of LCA process relies on the quality of the data in the

inventory (Collinge, et al., 2015);

2 Assessment of environmental impacts of a product or system from the materials extraction and manu-
facturing through the completion of the building construction.

3 Assessment of environmental impacts of a product or system from extraction and manufacturing until
the building’s end-of-life or eventual disposal.
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4.2.3 Life-Cycle Impact Assessment LCIA

- This is where the LCA data presents the assessed environmental im-
pacts in comprehensive and quantifiable terms based on the inventory
analysis. This phase is conducted in three steps which are; impact cat-
egory definition, classification and characterization. The results can be
normalized, grouped, weighed and analyzed to improve their relevance
(Collinge, et al., 2015);
There are mandatory and optional elements within the Impact Assess-

ment phase, as shown in (Figure 24) (Chau, et al., 2015).
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Figure 24. Mandatory vs. Optional elements in the Impact

Assessment Phase. (Chau, et al., 2015).

The main purpose of this phase- which is to evaluate the potential envi-
ronmental impacts and estimate the used resources in the studied system- can be

fulfilled in three main steps (Chau, et al., 2015).

4.2.3.1 Selection of Impact categories

There are various impact modelling approaches, but the most common-
ly used are midpoint and end point. While midpoint modelling is comprehensive
and well defined, endpoint (sometimes called damage impact) lack these features.
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However, endpoint is popular as for being directly relevant to decision-making
by dealing directly with the “endpoint” impact (Ghattas, et al., 2013).

Once the impact categories are established, an indicator and model can
be utilized to assess data (Michalski, 2015).

4.2.3.2 Assignment of LCI (Life-Cycle Inventory) re-
sults (or classification)

LCI results are classified into emissions, wastes and used resources
where each is assigned to the chosen impact categories. Then, the converted LCI
results are all aggregated into one indicator result, which represents the final
point of the mandatory part of an LCA (Chau, et al., 2015).

4.2.3.3 Modeling of category indicators (or Charac-
terization)

To quantify environmental impacts, there are two characterization ap-
proaches can be applied: the problem-oriented (mid-point) and the damage-ori-
ented (endpoints). In the mid-point approach, the used values are either at the
beginning or middle of the environmental mechanism. Impacts are classified by
environmental themes similar to global warming, acidification and ozone deple-
tion potentials. This method helps to generate a more comprehensive picture of
the ecological impacts yet to interpret the results, this requires a good knowledge
of LCA. While in the end-point approach, impacts are grouped into categories of
general issues such as human health, natural environment and resources, which
can be later calculated into a single score. This method is easier to understand
but can be less transparent. It is also worth mentioning that mid-point approach
needs fewer modelling assumptions as well as reflecting more on societal consen-

sus (Chau, et al., 2015).
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The optional steps are: Normalization, Grouping, Weighting and Addi-
tional data quality. Normalization helps to understand the relative importance of
different impact categories within the LCA by calculating the magnitude of cate-
gory indicator results that are relative to some reference information. Grouping
is to aggregate impact categories into one or more sets. Weighting is to rephrase
the resulted indicators of different impact categories into global issues of more
concern or in some cases into a single score using numerical factors. These fac-
tors are derived from value-choices (based on policy targets), monetization or
panel weighting. The chosen weighting schemes can affect the conclusions sig-
nificantly meaning that there is no preferred or satisfactory approach regarding
the weighing step.

In general, LCA should consider all the environmental impacts includ-
ing resource inputs as well as emissions and wastes outputs of a building during

its whole life-cycle (Chau, et al., 2015).

4.2.4 Interpretation and Improvement Analysis
- The results are refined into meaningful information that could be
used for better decision-making and improvement recommendations

(Collinge, et al., 2015; Chau, et al., 2015).
4.3 Types of LCA
4.3.1 Whole Building Life-Cycle Assessment
(WBLCA)

The proliferation of WBLCA studies, which is currently a predominant

method used to quantify environmental impacts of buildings, have triggered the
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development of LCA tools especially the ones targeted to AEC practices (Rodri-
guez, et al., 2019).

In WBLCA, there are taxonomies? that serve the purpose of organizing
construction entities in a standardized way by describing these entities in a sub-
class hierarchy through an “is-a” relationship to standardize terms and eventual-
ly enable comparison. Some of the well-known taxonomies in the AEC fields are

OmniClass Construction Classification System, MasterFormat and UniFormat.

4.3.2 Life-Cycle Energy Assessment (LCEA)

LCEA can be described as a simplified version of LCA that mainly con-
siders the evaluation of energy inputs for the different phases of a building’s
life-cycle (Ramesh, et al., 2010). The total energy consumed during the whole life
cycle of a building would be calculated by adding the Energies consumed in the
phases of extraction, manufacture, onsite, operation demolition, recycling and
disposal. (Chau, et al., 2015).

The analysis of LCEA can be performed using primary (energy extracted
from nature like coal) or secondary energy (the energy actually consumed such
as electricity) but it is important to specify the form of energy under focus to fa-

cilitate the later comparison. (Chau, et al., 2015).

4.3.3 Carbon Footprint

Carbon Footprint (CF) has recently gained much attention as a main
reason for the ever-growing issue of global warming. However, it is still impor-
tant to understand that a smaller carbon footprint does not always mean supe-

rior environmental performance. This is where LCA is different than CF, and

1 3 Taxonomy, in general, is defined as the branch of science concerned with classification, especial-
ly of organisms; systematics.
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this highlights the importance of defining the goal and scope of what the user is
looking for and then determine which tool would best cover their requirements

(Ormazabal, et al., 2014).

4.4 LCA: Benefits

The benefits of the using LCA (Figure 25) can be summarized as follows;
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Figure 25. Benefits of using LCA. Adopted from (Saunders, et al., 2013).

1.  The potentials of life-cycle thinking and systematic four-step
process (compared to other sustainability building related metrics)
(Saunders, et al., 2013). Like the Whole Building Life-Cycle Assessment
(WBLCA), that entirely considers the building project which helps the
building’s designers to reduce the environmental impacts of their design
(Rodriguez, et al., 2019).

2.  The advancement of sustainability within the building sector

(Saunders, et al., 2013).
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3.  LCAviews products from a life-cycle perspective which is useful to
minimize problems shifting from one life-cycle phase to the other (Ro-
driguez, et al., 2019).

4.  The provision of uncertainty analysis (through Monte Carlo anal-

ysis?) .

4.5 LCA: Tools and Software
There have been several LCA tools and software recently developed for
buildings. These tools usually require mapping and exportation of the bill of ma-
terials for the ones having database available within the used software (Yang &

Wang, 2013).

The basic function of any LCA software package is to determine the bal-
ances of energy and mass on a model then allocate the resulting emissions and
energy uses, to facilitate the calculations associated with the later stages of inven-
tory and impact assessment. In a study carried out by (Ormazabal, et al., 2014),
the team developed a list of the best known LCA software packages and found out
that the most commonly used were; ATHENA, LEGEP, SimaPro, GaBi, Earthster
2 Turbo and OpenLCA. These tools were usually selected as for offering a variety
of characteristics.

« ATHENA Impact Estimator, a user-friendly tool providing users
in North America with practical database for building assembly which

makes it easier to give a comprehensive description of the building and a

more accurate estimation of the expected impacts (Yang & Wang, 2013).

Moreover, it is connected to the US Life-Cycle Inventory (US LCI) data-

base which is free and open access with a good amount of database for

1 4 The most common method of uncertainty analysis among LCA software tools.
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construction materials and supported assemblies.

LEGEP, (in Germany), an effective tool that performs integrated LCA
and Life-Cycle Costing (LCC). It can calculate environmental impacts
of the building while considering the economic factors all in the same
framework (Yang & Wang, 2013).

SimaPro, considers every aspect of cradle-to-grave analysis and it in-
cludes processes from harvesting of materials till the reuse and disposal.
It accepts Ecolnvent databases (Yang & Wang, 2013).

GaBi, which provides its own construction-industry database (by think-
step and PE international) (Chhatwani, 2015).

Earthster 2 Turbo, an example of Software as Service (SaaS), whose
main objective is to provide designers, manufacturers, suppliers and en-
vironmental experts with updated available data. It also has the capabil-
ity to include social impacts into the calculation.

OpenLCA, a widely known, easy-to-handle software tool that allows
users to calculate all LCA-associated stages. It provides users with the
possibility of working with various databases like the ones used by GaBi
and many others. It was initially designed to calculate environmental
impacts of products and processes, but now developed to include eco-
nomic aspects too (Ormazabal, et al., 2014).

One Click LCA, it offers a wide range of services such as; Early stage
LCA calculation and design optimization, circularity assessment, Car-

bon foot-printing and Life-cycle Costing.

79



LIFE-CYCLE ASSESSMENT Summary‘

4.6 Summary

Integrating the Life-cycle Assessment in the design process could be vi-
tal to enhancing Efficient Building Design practices in the Egyptian AEC indus-
try. Buildings have been found to generate numerous negative impacts to the
environment (Figure 26), which require a cautious attention to the buildings pro-
duced everyday.

LCA mainly focuses on Materials and Resources to assess the Environ-
mental Impacts resulting from their manufacturing, use and disposal.

Although LCA methodology is well-defined, LCA for buildings is still
seen as complex to handle and hard to understand. This can be due to the huge

amount of information needed for carrying the assessment out (which sometimes
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Figure 26. Life-Cycle Stages and the corresponding environmental

aspects to be assessed (Carre & Crossin, 2015).

is either not available or not fully accurate), and the lack of sector-specific stand-
ardization and use. In addition, the dissimilarity of the currently performed LCAs
(as for being based upon different scopes and boundaries) makes the comparison
between them and the amount of concluded useful data very limited.

One Click LCA has been found the most appropriate LCA tool for the

current research as for being compatible with the DGNB rating system. Also, it
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Figure 27. Chapter 5 Scheme (Author, 2019).

"A Catalyst for Change"
- Bernstein (2005)

82



BIM Overview

CHAPTER 5 BUILDING
INFORMATION MODELING (BIM)

5.1 BIM Overview

BIM is one of the newly deployed technologies in the Architectural, En-
gineering and Construction (AEC) as well as facility management fields (Elyama-
ny, 2016). BIM, mainly, generates a digital representation of the physical and
functional characteristics of a facility (WBDG, 2018) to facilitate ‘digital’ infor-
mation exchange and interoperability. BIM applications have been tremendously
developed from a three-dimensional design tool into a set of tools used for model
analysis, clash detection, material and product selection and even the conceptu-

alization of the whole project (Elyamany, 2017).

5.1.1 BIM: Definitions

There is no single agreed upon definition of BIM whether it is a product
or a process. Therefore, the definitions mentioned hereby will be the ones serving
the objectives of the research. BIM is basically "a systematic process for creating,
managing and disseminating the information generated during a building’s de-
sign development and operation" (Gerrish, et al., 2017). The Associated General
Contractors of America (AGC) states that: A building information model is “a
data-rich, object-oriented, intelligent and parametric digital representation of a
project (Shoubi, et al., 2015), including all the physical and functional character-
istics, giving access to the digital description of every aspect of the built asset"
(Shawky, 2018). Whereas Aranda (2008) defines BIM as "a new approach for
practicing the design profession that can be effective only when new policies,
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contracts and relationships among the involved stakeholders are implemented"
(El Barbary, 2018). In the glossary of the BIM handbook by (Eastman, et al.,
2011), it has been defined as “the tools, processes or technologies operated by
digital ‘machine-readable’ information about a building’s design, planning, con-
struction as well as operation and performance” (Khodeir & Nessim, 2017). While
Construction Project Information Committee (CPIC) defines BIM as a "digital
representation of physical and functional characteristics of a project creating a
shared information resource (Cavusoglu & Cagdas, 2018), which decision-mak-
ing can be reliably based on during its life-cycle, form the earliest concept till its
end-of-life" (El Barbary, 2018).

Accordingly, different views and data can be extracted from a BIM mod-
el and analyzed related to the various needs of users which can significantly im-
prove the whole delivery process of the project (Jung, et al., 2013) (Shoubi, et al.,
2015).

This object-based, integrated, intelligent and virtual model provides an
environment to obtain abstract forms of representations, time schedules, analy-
ses and simulations that enables the creation, generation, coordination and man-
agement of numeric and non-numeric data collaboratively, comprehensively,
and in a computable yet user-friendly way. BIM has the capabilities to improve
the design process tremendously, as it allows for multi-disciplinary collaboration
between the involved parties (via digital media). Furthermore. the three dimen-
sional (or more) object-oriented model gives access to information regarding
material types, properties, quantities, energy performance, lighting and site dis-
turbance which are usable for analyses, evaluations and assessments (Cavusoglu

& Cagdas, 2018).
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A BIM model needs to: be object-oriented, three-dimensional, embed
discipline-specific information for the modeled objects and the interwoven rela-
tions and hierarchies between them, as well as to include a detailed graphical and

non-graphical description of the building (El Barbary, 2018).

5.1.2 BIM: History

Although BIM was developed in the mid-1980s, only in the last ten years
it began to gain a noticeable popularity among architectural, engineering and
construction (AEC) professionals (El Barbary, 2018). In 1986, ArchiCAD was
first introduced as a revolutionary software for Information Technology for Con-
struction (ITC) that could create virtual 3D models of projects instead of the 2D
Computer Aided Design (CAD) representations used at that time. Obviously, this
was quite important as only then architects, designers, planners and engineers
were not able to store large amount of data using ‘datasets’ embedded within the
3D model. These data included geometrical, special properties and quantities of
the components in the model (Shoubi, et al., 2015). Currently, USA is considered
the biggest producer and consumer of BIM products, directing the largest flow
of BIM knowledge towards developing countries. While Finland is the world’s
leader in BIM implementation, followed by the UK, Hong Kong, Singapore and
Australia which are seeking for BIM endorsement on their national levels (Ely-
amany, 2016).

It is worth mentioning that BIM is not an advanced (CAD) tool as it can
give a completely different set of services for being a 3D virtual reality of the
objects and assemblies present in the model, rather than two-dimensional CAD

representations (Mohamed, 2018).
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BIM has been developed over the years to improve the flow of data
through building processes and therefore improve their efficiency. In order
that BIM can meet the required appropriate structure of design information, its
standards have gradually been matured in order to work better for construction
practices (Marty, R., 2014).

BIM can be a single model or a set of assembled models representing
several separate databases that by interoperability communicate their informa-

tion (El Barbary, 2018).

5.1.2 BIM: Terminologies

There is a set of basic terminologies that are central to understanding
BIM and differentiating it from conventional 3D modeling on which the research
can be based. The following list can be a starting point for this understanding;:

+ Parametric objects: 3D objects that have associated data and rules,
that are non- redundantly integrated and allowing for no inconsisten-
cies. Their associated geometry is automatically modified when associ-
ated objects are changed. Different levels of aggregation can be defined
for objects and their related subcomponents. Violations of object feasi-
bility regarding size and manufacturability can be spotted when changes
are applied. These objects also can link to or receive and export other
attributes like materials and energy data (Eastman, et al., 2011).

+ Integrated Project Delivery (IPD): is a Project Delivery Method
that (PDM) that starts the collaboration between owners and design
team from the early beginning. This method incorporates the different
actors with exchanging information and design practices into one sys-
tem, where all the involved parties provide their insights and expertise
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for the mutual objective of the project. This method can significantly in-
crease efficiency as well as reduce time and cost (Stamenov, et al., 2016;
El Barbary, 2018).

Level of Detail and Development (LOD): is a reference to describe
the progression of the project from conceptual to the detailed assembly
(Table 14). The level of detail can be described as the inputs to the ele-

ment, while the level of development is the reliable inputs (EIl Barbary,

2018).

Table 14. Level of Development progression specifications (Mohamed, 2018).
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e  BIM Execution Plan (BEP): is an essential document for the suc-
cessful development of a BIM project (Figure 29). It contains all project
information from the model details (of technical specifications, docu-
mentation, visualizations, etc.) to the details of contact employees alomg
with their role and responsibilities through the collaborative process. In
order to ensure the optimal development of all the involved parties, the
BEP needs to be available, updated, with accessible information to allow
the team to face any unforeseen in any phase of the project . (Zigurat

Global Institute of Technology, 2018).
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Figure 29. BIM Project Execution Planning procedures. Adapted from (The
University of British Columbia and Ecole de Technologie Supérieure, 2011).
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« Integrated Project Delivery (IPD): IPD is a project delivery ap-
proach that seeks to integrate people, systems, business structures and
practices into a single process and collaboratively harness the talents
and insights of all participants on a particular construction project in
order to optimize project results, increase value to the owner, reduce
waste, and maximize efficiency through all phases of design, fabrication,

and construction.
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Figure 30. Different dimensions of BIM. Adapted from (El Barbary, 2018).

In the last few years, BIM has vastly developed to include the informa-
tion of several dimensions, going beyond the simple 3D model. Linking extra
dimensions of information to the model allows for further potentials and better
understanding of the project regarding delivery, cost and later maintenance. The
following part explains what type of information can be embedded within the
BIM model (Figure 30), and how this can significantly affect decision making
and consequently more efficient buildings (McPartland, 2014).
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3D Modeling: While the third dimension is normally used during the
design process for graphical and non-graphical information visualiza-
tion and better understanding of the project, the associated data facili-
tated the coordination of all involved teams until the data is handed over
to the client at completion (McPartland, 2014). This compactly-packed
information models help to mark clashes, resolve conflicts and keep
track of construction progression (El Barbary, 2018).

4D Scheduling: this include adding the information of time manage-
ment as well as linking model elements and data with construction se-
quence and scheduling. These details can be used to obtain visualiza-
tions of how the project programme will develop, the time needed for
components to be installed or constructed and become operational and
sequentially dependencies of other areas in the project (McPartland,
2014).

5D Budgeting: linking BIM model elements and assemblies with au-
tomatic counting of quantities and cost estimations including capital
costs, running costs and the cost of renewal or replacement when need-
ed, helps tracking predicted and actual spend over and budgeting of the
project (McPartland, 2014). This feature makes decision-making more
effective and helps to track budget throughout the construction phase
(El Barbary, 2018).

6D Sustainability Performance: taking the other two sustaina-
bility pillars (economic and social aspects) into consideration to allow
comparisons between the proposed designs with required budgets and

resulted social impacts (El Barbary, 2018). This dimension included
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adding energy performance modeling and consumption analyses, which
results in more accurate energy estimates in the early design stage along
with sustainability element tracking and possible GBRS evaluation
(McPartland, 2014).

7D Facility management: linking model attributes and data (by
providing a database for ongoing tracking) to support management and
operation of the building, equipment and structure. This offers a better
understanding of the whole life-cycle of the asset in terms of cost and
performance, which helps in making better decisions later (McPartland,
2014), providing action plans for logistics, facility management and re-
al-time collaboration (EI Barbary, 2018), which all add significant asset
values when it is handed over to the end-user (McPartland, 2014).

8D Deconstruction: related to the ‘afterlife’ of buildings, regard-
ing decommissioning, demolition and recycling of the building or its
structure. BIM can help to find the best way to deconstruct a building
using Accident Prevention-through-Design (PtD) to deal with possible
hazards and expected risks, including the quantities and description of
the produced materials. This tool helps designers, who are not equipped
to do thorough risk assessment of each design component due to their
limited knowledge about safety during construction, to perform hazard
audits using BIM models and produce hazard profiles for elements re-
garding their severity (critical, moderate and low) and get suggestions of

design revision for elements rated critical (Kamardeen, 2010).
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5.2 BIM in Practice

5.2.1

BIM: What should a model contain?

The contents of a BIM model depends on the phase and purpose of the

model itself. The content should include;

o Geometric and spatial data;

o Object proprietary data;

o Object construction data (how assemblies are broken down);

o Cost and object parameters schedules.

In BIM, even objects that not to be modeled their associated data can

still be defined and mentioned as properties of other objects (CRC Construction

Innovation , 2009).
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In Revit Autodesk, a building’s components are grouped by categories,

families and types (Figure 31) (Knittle, N.D).
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+ A Category: controls the organization, visibility, graphical representa-
tions, and scheduling options of Families within a project.

+ A Family: is a group of 2D and/or 3D information that serves to rep-
resent an individual building element in the model. It defines the para-
metric, graphical, and documentation requirements.

« A Type: is a specific group in a Family with distinct parametric, graph-
ical and documentation characteristics that makes it unique from the
other Types in the same Family.

+ An Instance: is a representation of a Type which has unique paramet-
ric, graphical and documentation characteristics that makes it unique
from the other Instances in the same Type.

+ Elements are everything in a Revit’s model. Elements are classified

into distinct groups of classes and subclasses.

5.2.2 Who is involved?
The BIM player groups can be categorized in three fields (Figure 32),

Policy, Process and Technology as follows;

« The Technology Field players specialize in developing software, hard-
ware, equipment and networking systems necessary to increase efficien-
cy, productivity and profitability of AECO sectors.

+ The Process Field players procure, design, construct, manufacture,
use, manage and maintain structures. These include facility owners, ar-
chitects, engineers, contractors, facility managers and all other AECO
industry bodies.

« The Policy Field players' responsibility include; preparing practition-
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ers, delivering research, distributing benefits, allocating risks and mini-
mising conflicts within the AECO industry. These involve organisations
— like insurance companies, research centres, educational institutions
and regulatory bodies — which play a pivotal preparatory, regulatory

and contractual roles in the design, construction and operations pro-
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5.2.3 Information Exchange

BIM data flows are variable, as they can include the transfer of struc-
tured/ computable (e.g. databases), semi-structured (e.g. spreadsheets) or
non-structured/non-computable data (e.g. images) between different systems.

BIM data flows can either be data ‘exchanges’ or data ‘interchanges’, as
follows;

A BIM data exchange: is when a BIM player exports or imports data

that is neither structured nor computable, like exporting 2D CAD draw-
ings out of 3D object-based models.

A BIM data interchange: is when a BIM player exports and imports
data that is structured and computable by another application. Interchanges as-
sume ‘adequate interoperability’ between the sender and receiver systems that
may occur in many technical ways like the exchange of proprietary (RVT and
DGN), open-proprietary (like DWF and many eXtensible Markup Languages) or
non-proprietary file formats (ex: IFC and CIS/2).

5.2.3.1 Interoperability

Interoperability is the ability of different information systems, tools or
applications to be connected within prepared organizational boundaries to ac-
cess, exchange and use data among the involved stakeholders to enhance work
flows and facilitate process automation (Eastman, et al., 2011).

5.2.3.2 Common Data Environment (CDE)

A CDE is an assigned single source of information used to collect, man-
age, share information and disseminate documentation as well as to extract
graphical and non-graphical data for a BIM project, accessible by the whole

team. CDE can allow for high levels of coordination and is essential to according-
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ly deliver quality renovation, repair, maintenance information within time and
budget frames.

There are many online collaboration platforms (such as Viewpoint, Asite
and Conject) which all facilitate a CDE for project information sharing and ex-

change among the different teams working on the same project (Moscardi, 2016).

5.2.3.3 Industry Foundation Classes (IFC) (The most

advanced non-proprietary data exchange format for construction)

Casarmptry

\]+
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Figure 33. Sharing Information using IFC. Source:(www.blazethread.com, 2017).

As aresult of having many BIM software platforms, there was an urgent
need for a single domain or a hub where all the BIM software can be integrated
fully when needed. This is why Industry Foundation Classes (IFC) was developed
by the Alliance for Interoperability (IAI) to facilitate open online interoperability
between different software in the construction industry (Mohamed, 2018). IFC is
defined as "an extensible object-oriented data model where the base entities can
be elaborated and specialized by sub-typing to make any number of sub-entities"
(Idra, 2017). IFC consist of a library of object and property definitions that can
be used to represent a project while supporting the use of the available building

information for particular purposes (Eastman, et al., 2011).
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IFC has neutral and open specification which is not controlled by one or
a group of vendors. IFC is registered by the International Organization for stand-
ardization as an international standard data model ISO/IS 16739 (Mohamed,

2018).

5.2.3.3.1 IFC uses
IFC format can be bene-
ficial for several uses (all free, well
documented and can be used by
many other BIM tools and applica-
tions) (BIM Community, 2018);
- The design visualization
and clash detection;

- Import data from one ap-

plication to another (Fig-

ure 33 and Figure 34);

Figure 34. Uses of IFC Data Exchange.
- IFC model contains both Adapted from (Stumpfet al., 2011).

building geometry and

building data as well as the information held in native BIM files.

5.2.3.4 COBie (Construction to Operations Building
information exchange) (The standard exchange protocol of BIM)

Historically, information transmittals for a building under construction
have been done on paper. This resulted in a significant portion of information
loss once the building is completed, in addition to the quantity of data redundan-

cy. The Construction Operations Building information exchange (COBie) is the
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information base used in the United Kingdom's building information modeling
(BIM) implementation that keeps information about the building in a usable for-
mat for everyone to access throughout the building's life cycle (Mohamed, 2018).

COBie is considered as a standardized method to collect information
during the design and construction processes, as a part of the package delivered
to the owner during commissioning and handover (Eastman, et al., 2011). This
can significantly help to avoid redundancies and waste of time in collecting use-
less data. It is also convenient in economic terms and easy in use: it is a spread-
sheet, (Figure 35), operable by common interfaces as Microsoft Excel, and for the
same property it is machine-readable. It could be also integrated by Computer
Maintenance and Management Systems (CMMS), as well as in many other de-
sign and facility management software (Mohamed, 2018).

The IFC format is used to record data of a building that can be exchanged
between different software, meaning that it is designed for software-to-software
exchange. While having a spreadsheet form of COBie has the real benefit of allow-
ing human-to-human understanding of the exchanged information (Mohamed,
2018).

The primary benefit of COBie is that it enables information to flow from
the design phase onward, allows information to be added anytime and is availa-
ble to transfer the information to the facility manager upon completion.

COBie is a performance-based specification where two main types of
assets are included; equipment and spaces. In simple words a COBie spreadsheet
makes it possible to know which object (with its characteristics) is where. This is
fundamental for the decision-making stage (in the preliminary project’s phases)

or in the execution of the maintenance plan (for the operative phase). COBie,
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then, helps the project’s team both within construction as well as operation and
maintenance (O & M) stages without asking for additional effort. Moreover, CO-
Bie data can be imported directly into asset management software, again at no
cost. Project Documents and building information model files that accompany
COBie are exported in a way that they can be easily accessed through the office
server. In general, COBie does not generate any significant change in the design
and construction processes, but makes them more linear and lighter, reducing
useless passages and redundancies optimizing the “paper-process”. Information
in COBie are not an end onto themselves but can be re-used through the pro-
ject. Today, COBie has been included in design and construction contracts in the
United States, United Kingdom, and Singapore, but it is going to have a very fast
adoption, this is due to its simplicity in use and convenience in economic terms:
when a computer is available with excel installed, the work can be done in a pre-
cise and automatic way (Idra, 2017).

In short, COBie does not generate significant changes in design and con-
struction processes, it only makes them more linear to reduce useless redundan-

cies and optimize paperwork (Idra, 2017).
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Figure 35. Example for data inside a COBie Spreadsheet (Stephan, 2018).

5.2.3.5 Green Building eXtensible Markup Language
(gbXML)

gbXML is another interoperability schema that transfers the building
data needed for preliminary environmental analysis of building envelopes, zones
and mechanical equipment simulation from CAD or BIM applications to (spe-
cially energy) software (Mohamed, 2018) (Eastman, et al., 2011). It is an open
data scheme whose main scope is to provide data for the analysis of operation-
al energy consumption such as; thermal properties of construction materials or

HVAC installation (Mohamed, 2018).
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5.2.4 BIM: Maturity Levels

‘BIM maturity' essentially means the supply chain’s ability to exchange
information digitally (McPartland, 2014). The maturity wedge diagram, (Figure
36), shows the BIM levels (within the range from o to 3) as pre-defined distinct

and recognizable milestones;
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Figure 36. The UK BIM Maturity Model (from Computer-Aided Design to building
Life-Cycle Management ( (GCCG, 2011)).

Level 0 BIM: only 2D CAD crafting is utilized for Production Informa-
tion, with no effective collaboration. Outputs and exchange are in paper forms
and electronic prints.

Level 1 BIM: a mixture of 2D CAD for drafting of statutory approval
documentation and Production Information and 3D CAD for conceptual work.
Data could be shared ‘electronically’ from a (CDE), usually managed by the con-
tractor. To achieve this level, minimum requirements should be met; 1) Roles
and responsibilities should be agreed upon; 2) Naming conventions should be
adopted; 3) create and maintain the project’s specific codes and special coordi-
nation; 4) allow information exchange between all team members using a (CDE)
or ‘Electronic Document Management System’ (EDMS); 5) agree upon a suitable
information hierarchy to support the concepts of CDE and document repository

(McPartland, 2014).
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Level 2 BIM: tends to focus on collaborative working, requiring for an
information exchange protocol specifically for the project and well-coordinated
between the different involved systems and project participants. Accordingly, the
used software should be capable of exporting information in one of the common
file formats such as IFC (Industry Foundation Class) or COBie (Construction Op-
erations Building information exchange). The UK government has set this level

as minimum for all public-sector works (McPartland, 2014).

Level 3 BIM: has not been fully defined. Yet, it has been found to bene-
fit the users in creating less waste, delivering in shorter time and producing more
efficient outputs while maintaining convenient profit margins. This is due that
the shared data is not converted and sent between the multi-users via one estab-
lished source, stored on the cloud and accessible by all the project teams. BIM
level 3 can be highly effective regarding building life-cycle management as data is

transacted for construction, fabrication and facility management.

5.2.5 BIM: Framework
The BIM Framework identifies BIM maturity within organisations, pro-
jects and industry as a series of stages that need to be gradually and consecutively
implemented by stakeholders. BIM maturity includes TPP (technology, process
and policy) components and is subdivided into three transformational stages
each of which is subdivided into further incremental steps (Succar, 2009).
BIM stages are (Figure 37):
« BIM Stage 1: Object-based modelling
« BIM Stage 2: Model-based collaboration

« BIM Stage 3: Network-based integration
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Figure 37. BIM Maturity Progression Stages (Succar, 2009)

5.2.6 BIM: Benefits

Generally, BIM can be said to have plenty of potentials and added values
when adopted in the construction industry (Khodeir & Nessim, 2017) especially
when implementing sustainability criteria within.

Moreover, these potentials can be widely enhanced if proposed using
the LCA methodology (Anton & Diaz, 2014). The Benefits of utilizing BIM can be

described as follows (Figure 38);

Symergy with grees anid Tmspronved fnnctlopalli
wificdent design
Figure 38. Benefits of BIM for the AEC industry. Adapted from ( http://new.

siemens.com/ ).
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1. 3D Visualization vs. 2D Representation: BIM allows us-
ers to create immerse visualizations for the project which enhances the
quality of design and document deliverables (Khodeir & Nessim, 2017).
The user also gets more insights into the modelled design with the add-
ins analysis tools (Autodesk, 2019);

2.  Accuracy vs. Estimation: the virtual construction of the build-
ing before the actual in situ action ensures the accuracy of quantities
and qualities of the proposed design while keeping the estimated factor
minimal (Antén & Diaz, 2014) and financial risks at the lowest (Mo-
hamed, 2018). The methodology of association between the 3D model
and information makes huge improvements in design quality and re-
ductions of errors, construction time and costs (Shoubi, et al., 2015);

3. Efficiency vs. Redundancy: user-input minimization as ob-
jects and data in BIM only need to be drawn and/or changed once then
the central database updates all changes of the object with all the rela-
tive parameters in the same time (Khodeir & Nessim, 2017);

4. Integration vs. Separation: the simulation aspect allows a di-
rect access of the project related costs estimation, project management
and structural analysis, providing the involved stakeholders with more
efficient and smarter decision-making (Mohamed, 2018). Researchers
claim that the current BIM practices are quickly evolving, transforming
the design process from a traditional sequential (linear) into a circular,
interdisciplinary one (Stamenov, et al., 2016);

5. Collaboration vs Division: the capability of multiple team

members from different disciplines to access and work together on the
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same project with the use of cloud-based BIM tools supports concurrent
BIM authoring, regardless of location (Idra, 2017) (Autodesk, 2019).
For instance, using BIM helped the UK government to reduce waste in
construction by 20%, which was caused by the discrepancies, mistakes
and inefficiencies in the conventional information supply chain. This re-
duction was achieved by maintaining the collaborative working environ-
ment provided by BIM (McPartland, 2014);

6. Data Extraction: for the purpose of analysis or coordination in
the format of charts, diagrams or tables as well as 2D and 3D presenta-
tions, schedules and construction drawings all become more efficient
yet less costly and time saving (Mohamed, 2018). BIM can superimpose
information allowing multi-discipline data exchange within the same
model (Shoubi, et al., 2015) (Stamenov, et al., 2016). In addition, that
information of properties and quantities of building materials, energy
performance, lighting and equipment types can be extracted (Stamenov,
et al., 2016). This feature creates a great opportunity for sustainability
mitigations and performance analyses to be performed (Shoubi, et al.,
2015);

7. Improved Drafting: as the design team is allowed to ‘virtual-
ly’ construct project, while sections, elevations, plans and 3D views are
created and edited concurrently without the need to check plots. In ad-
dition, all the revealed documentation becomes a short and by-product
without extra cost or orders (El Barbary, 2018);

8. Better Time Management: less time is advanced for produc-

tion, while more time is provided for design and creative solutions (El
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Barbary, 2018);

9. Decision-making Support Tool: the ability to evaluate and
compare the feasibility of the design alternatives. This improves colli-
sion/ clash detection (Shawky, 2018) while giving the opportunity to
compare different architectural designs, environmental variables with
the access to full calculation of resource, time and cost all visualized in
3D environment (Khodeir & Nessim, 2017) (Antén & Diaz, 2014);

10. Coverage of Functional and Building Performance As-
pects: such as structural integrity, temperature and acoustics control,
ventilation and airflows, lighting, pedestrian circulation, energy and
water consumptions (Eastman, et al., 2011). Additionally, using BIM to
manage building performance information is a potential end-goal for
post-construction phases. This gives the building’s end user the benefits
of error reduction, minimization of lead times and cost (Gerrish, et al.,
2017);

11. Improved Business Functionality: as by using BIM; the col-
lection, use and maintenance of a facility’s information becomes a part
of the business done by the authoritative source and not a separate ac-
tivity (WBDG, 2018);

12. Clash detection and error minimization: the feature of
overlapping and integration of different platforms in one single model
provides the possibility to identify, inspect and report system interfer-
ences (El Barbary, 2018);

13. Possibility of Synergy with Green and Energy Efficient

Design: utilizing BIM would help to encourage the sustainable ap-
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proach in construction processes making it neither complicated nor ex-
pensive but on the contrary a holistic integrated process. On one hand,
this integrated design sees all the components of a project holistically
rather than individually. On the other hand, this integration can under-
stand the other social, economic and environmental aspects of these
components (Anton & Diaz, 2014). Recently, AEC professionals have
started to recognize the capabilities of BIM that can be used to meet
sustainability demands (Stamenov, et al., 2016). By using BIM, the en-
vironmental performance of an entire building can be quantified and
compared to standard baselines. This gives designers a wide spectrum of
alternative solutions for the building design, implemented systems and
suggested materials where they get the chance to select the best suitable
for the targeted performance (Stamenov, et al., 2016). Relatively, there
have been a lot of BIM tools targeting sustainable construction. For ex-
ample, Ecotect, introduced by Autodesk, Inc., is “a complete building
design and environmental analysis tool that covers simulation and the
analysis functions needed to truly understand how to operate a build-
ing’s design process”. This program introduced capabilities of energy,
thermal and lighting/shading analyses (Shoubi, et al., 2015). All of these
goals are all strengthen by the reliability, consistency and usability of
the information extracted from the BIM model which supports complete
and accurate energy estimates, improved life-cycle analyses, increased
opportunities for measurement and verification during the occupation

phase (GSA, 2018);
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14. LCA-Oriented: In many countries, BIM is now being increasing-
ly used in not only conceiving, designing and constructing a building but
also in facility management as well as operation and Maintenance (O &
M) (Shawky, 2018). It creates concurrent information (Khodeir & Nes-
sim, 2017) and serves as a shared knowledge resource for information of
life-cycle performance of the asset (Khodeir & Nessim, 2017), forming a
reliable basis for decisions from inception onward (WBDG, 2018);

15. Constructibility and Prefabrication: 3D BIM models pro-
vide the level of accuracy (with the needed specifications, sequence, fin-
ishes and 3D visual for each component) required for prefabrication and
constructibility analysis;

16. Return of Investment (ROI): the shift to BIM may need prin-
ciple costs for training and software purchases, yet BIM reduces both
the time and money spent on production, use of paper documents as
well as providing the accurate information to minimize conflicts and er-

rors and maximize productivity (El Barbary, 2018).
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5.2.7 BIM: Tools and Software

Many software facilitates the developing and maturity of BIM, such as

(just to name a few) (Table 15);
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Table 15.

University of British Columbia and Ecole de Technologie Supérieure, 2011)

BIM applications per project area. Adapted from (Eastman, et al., 2011;The

" Technology = Project Area

3D Laser
Scanning

3D Sketching

3D Geometric
Models

Design and
Construction
Coordination

4D/ 5D
Models

BIM Models

BIM Analysis
Applications

e As-built information

As constructed information

* Design
* Modeling

< Site:

Architecture

«  Structural

« Coordination

between
disciplines

« Project Phasing

Tenant phasing

.« Site:
« Architectural
) Space

Zone/
circalation

« Program/ Asset

Management
GIS:

+ Energy analysis
« CFD Analysis

5.3 Summary

- MEP

Fabrication/
Construction

« Tolerance

« Clash detection

« Construction

sequencing
Traffie studies

» Structural
» Mechanical
" Equipmient’

information

« Maintenance

sehedules

« Acoustic
» Cost Estimating

Equipment
Inventory

»  Facility
Management (FM)

" Software

e Sketchup
+ Rhino
+ BonZai

* Revit

. Tekla

«  ArchiCAD

+ Navisworks

* Revit

+ Tekla

« ArchiCAD

« - Navisworks

« Assemble Systems
+ VICO office

.. GT-STRUDL ..

. Structural: Revif Sfruétufes:

and Bentley

« Energy Analysis: DOE-2 and
EnergyPlus :

+ . Lighting Simulaﬁ(:)n:

Radiance

- Cost estimation: Autodesk’s

QTO and VICO Takeoff Manager

"Improvements

in

*  Quality

¢ Accuracy

« Coordination
+ Efficiency

BIM has proved to be a major change for the building industry. It facil-

itates the move from drawing-based technologies to digitally readable models

that can generate drawings, schedules and data throughout a life-cycle of a pro-

ject. Although BIM facilitates the design and management of large and complex

3D data-models, it imposes a style of technology that most users are still foreign

to. Fortunately, a large number of firms are now investing to learn and make the

maximum use of such a new mindset.

Despite the fact that the full potentials of BIM capabilities are not yet

fully known, BIM is still able to resolve many fundamental representational is-

sues in AEC practices allowing for quick pay-offs for those transitioning to it.
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Summary

Pay-offs include; error reduction, consistency, improved productivity and facili-
tated communication among stakeholders.

The need for explicit exchange standards is becoming recognized and
urgent, as such standards become the base of project-scale business practices
definition. The trend to IFC is expected to grow to provide the not-well-support-
ed work flows. However, there is still a need to gain help in managing heteroge-
neous data coming from diverse platforms (specially in complex and sustainable
projects). Also, the development of BIM servers is now more required as for al-
lowing for different proprietary and manual exchanges which are main steps in
projects’ work flow (Eastman, et al., 2011).

It is worth mentioning that the most critical aspect need to be solved
in order to enhance BIM implementation is; the engagement of all stakeholders

with a well-established understanding of the detailed process of BIM hosting.

111



Ay INDIVIDATAL lf*
e AFFLICATIN "% EMERGING APPROACHES
I - o o
. el
Sepld g for SEAS Lorrm BN
o) : )
[ — Ry
1!"-_.. _-I | I'!.':._"
= '--|||m
|,

ljﬁ.aﬂf: MANTMIZING BENEFITS : INTEGRATING GERS- LCA- BIM

ek

64 SUMMARY.

Figure 40. Chapter 6 Scheme (Author, 2019).

"Keep up to date with technology, acquire it and use it for your advance".
(yba-architects.com, 2019)
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CHAPTER 6 APPLICATION AND
PRACTICE

This chapter is subdivided as illustrated in (Figure 40) as follows;

The first segment analyzes the use of GBRS, LCA and BIM individually.
In addition, an online survey targeting GBRS, LCA and BIM practicing profes-
sionals in Egypt was conducted based on the insights collected from the literature
review. Then, a second segment focusing on examples of developed integrated
methodologies of GBRS and LCA, LCA and BIM as well as GBRS and BIM will be
reviewed. Finally, a third segment will consider full integrated approaches, so as
to benefit from their potentials and shortcomings in developing the framework

in Chapter 7.

6.1 Individual Application
In order to achieve the objective of this research, the author conducted
three online surveys targeting a group of Architectural professionals that have
been involved in projects using Green Building Rating Systems, Life-Cycle As-
sessments and Building Information Modeling in Egypt and the MENA Region.
The purpose was to find out more about users’ experience regarding the poten-
tials of each, the challenges that hinder their wider adoption and the opportuni-

ties, actions and measures suggested to enhance their implementation.
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6.1.1 Description of the survey

The survey was developed based on the information gathered through
literature review, to consist of the following;

In [Investigating the efficiency/ influence of Green Building Rating
Systems principles application on the Construction Industry in the MENA Re-
gion], the participant is asked about the GBRS they are mostly using in addition
to the benefits and challenges of their usage and actions suggested to widen their
adoption.

Whereas in [Investigating the application of Life-Cycle Assessment ap-
proach within construction practices in Egypt], the participant is asked about
their awareness of LCA, the barriers that hinders its adoption and how they can
be overcome.

Finally in [Enhancing BIM adoption in the Construction Industry],
participants are mainly asked about the benefits of using BIM compared to CAD,
the types of BIM software they are aware of and how data is exchanged between
them, whether they have used BIM in sustainable building design and the diffi-

culties they encountered.

6.1.2 Seeking for GBRS

6.1.2.1 GBRS Survey

The survey was answered by 4 GBRS experts with an experience ranging
from 2-11 years of experience in the sustainability field of whom some are LEED
Associate Practitioners and others are Green Associates. Some of them work in
academic institutions while others are professional architects. The findings can

be summarized as follows;
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1. LEED was found to be the most popular rating system for green
buildings used in the Egyptian market (Khodeir & Nessim, 2017), as it
offers context adaptations and workarounds (considered in the Region-
al priority credits) to overcome any inconveniences to help achieve the
main goal of sustainability. According to the interview; LEED has de-
fined and specific goals all in a cohesive and integrated system. They
also claim that LEED offers the most user-friendly and clear certifica-
tion process.
2.  The majority of the interviewees did not use the Egyptian GPRS,
and the rest used it only for research purposes. Their answers also show
that GPRS can be found used in cases of economical restrictions.
6.1.2.2 Triggers
The triggers behind sustainability assessment and certification of build-
ings, as collected from both literature review and the online survey are summa-
rized in Q);

Table 16. Triggers for Adopting GBRS. Adapted by (Author, 2019).

Triggers for Adopting GBRS
Enhanced building performance.

The possibility of using renewable energy resources and recycled materials as well as conserving natural resources.
Higher reductions of energy, carbon, water consumptions and waste generations.

Operational costs savings on the long term.

Higher lease-up rates.

Certification verifies the green nature of projects.

‘Works as an incentive to promote sustainable construction practices.

Encourages the market to purchase greener and recycled products.

Advancement of the project’s triple bottom line (Saunders, et al., 2013).

Enhances occupants’ productivity, health and comfort as a result of better indoor environmental quality, natural
daylighting and usage of healthier materials and products.
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6.1.2.3 Obstacles
However, the full adoption of GBRS principles in Egypt has faced a
number of obstacles regarding the following aspects;

Table 17. Obstacles for Adopting GBRS. Adapted by (Author, 2019).

Aspects Obstacles

Practice  The different understanding each of the involved teams has regarding sustainability and
the sustainability goals the project is targeting.

The limited communication and collaboration between project teams.

Some GBRS certification rating process can be quite un clear (sometimes complex).
The lack of documentation tools which raise information loss risks.

Performing the certification in the later stages of the design process, limits the
opportunities to apply design optimizations and requires more time, effort and cost and
affects the level of targeted sustainability for the designed projects.

Awareness » The limited knowledge of contractors and labor regarding the technicalities of some
‘sustainability-related’ tasks.
» The unavailability of some of the required ‘sustainable’ equipment. The limited
utilization of green building materials as well as the unavailability of (EPDs) and the full
environmental data sheets for the materials manufacturing process.

Neglected Aspects » Neglecting construction waste management (recycling, reusing and disposal), as one of
the main green construction principles.
» Some GPRS do not give full attention to whole life perspective of projects to cover the
construction, operation and sometimes the dismantling phases.

Regarding Egyptian GPRS » The absence of a step-by-step certification process in addition to the requirement of
local-code application (which are sometimes more stringent than international GBRS).

Economic barriers = The benefits of GBRS certification and the expected long-term paybacks are not fully
understood by the project’s owners/managers that they would not invest in the initial
cost required for certification.

» The absence of governmental incentives.

6.1.3 Application of LCA

6.1.3.1 LCA Survey

Due to the limitation to survey LCA experts, the status of LCA applica-
tion, triggers and obstacles that LCA method faces was concluded through fur-
ther literature and case study review, as follows;

6.1.3.2 Triggers

The major triggers for conducting an LCA are (summarized in Table 18);
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Table 18. Triggers for conducting LCA. Adapted by (Author, 2019).

Triggers for conducting LCA

Promotion of Green market Products and optimization of construction materials selection by considering their
environmental impacts.

Promotion of innovative building practices to generate less environmental impacts.

Software as Service (SaS) applications, which offers the LCA service without purchasing the software license, allowing to
reduce the costs to perform LCA calculations.

Provision of Environmental Impact (EI) information.
Comparison between alternative materials “form a sustainable point of view”.
Enhancement of long-term and holistic perspective of design choices

The recent consideration of graphical interfaces in LCA tools which facilitates users’ ability to operate data and results
and enhances the visualization of results (diagram and flow charts)

Availability of new tools which allow for comparisons of changing products with different parametervalues.

The possibility to export graphical and in-tables data to text editors like MS- Word or Excel which facilitates information
exchangewith other tools.

6.1.3.3 Obstacles

Despite that LCA is one of the most suitable methods of environmental
impact assessment® that can be applied on the construction industry, yet the use
of whole building LCAs haven’t gained as much momentum and still face some
drawbacks to be used as decision support tools (Chau, et al., 2015). Obstacles and
the issues lying under each are categorized here below (Table 19);

Table 19. Obstacles for conducting LCA. Adapted by (Author, 2019).

Aspects Obstacles

Practice + Lacking for uncomplicated procedures and methods.

» Claimed to be not design-oriented, not catering for quality or aesthetics.

+ Complexity of LCA for buildings (for the comparatively long-life and , the incredible
number of components they might include and the changes they undergo along their life-
cycles.

Difficulty to mandate LCA for buildings due to the lack of benchmarks.

Varying ways for conducting the assessments

Limited availability for allocation information.

The gap between urban planners and building designers.

Most of the conducted LCAs are carried out in developed countries, so there is no cases

from Africa to use for reference.

+ Limitation of application due to the wide range of building materials

+ Limited accessibility to environmental impact information and lack of well-defined
environmental impactinformation in early design phases

Software + Closed codes and high-pricelicenses
+ Software is quite complex to use and requires considerable time to masterhindering the
conduction of in-depth comparisons
+ Umberto software is quite complex with no significant innovation and same price range
(compared to other LCA tools).

Awareness + The “no-commitment’ of the top managementto LCA.
+ The limited availability of proper knowledge needed to make allocation (which is the
proper distribution of environmental issues generated by a product or a process).
* Many companies have not yet reached the same stage of maturity in terms of
environmental management.

1 As stated by the American Institute of Architects in 2010.
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6.1.4 BIM Implementation

Recently, there have been many efforts to adopt BIM in Egypt. In Jan-
uary 2018, the first Egypt BIM day took place, where BIM experts working for
a wide range of AEC firms shared their experience about BIM implementation
and how beneficial it was for quality enhancement as well as cost, time an effort
reduction. Furthermore, Autodesk, as one of the leading BIM technology pro-
viders, showed their marketing strategies and presented the sale plans they offer
to encourage small and medium-scale firms to purchase licensed products. This
conference is planned to be held annually so as to have the chance to show how
BIM adoption in Egypt is progressing (Mohamed, 2018).

6.1.4.1 BIM Survey

The survey was answered by BIM experts with (4-11) years of experience
working in different Architecture Design and Consultancy firms in Egypt. Half of
the interviewees had the chance to utilize BIM on green buildings (2 hospitals in
KSA and 1 school in UAE) seeking for LEED certification (gold and silver).

6.1.4.2 Triggers

In the conducted survey, the participants explained the triggers of im-

plementing BIM as follows (Table 20 );

Table 20. Triggers for BIM Implementation. Adapted by (Author, 2019).

Triggers for BIM Implementation

The shift of working process from one-perspective oriented towards an integrated approach and the enhanced integration between
design process phases

BIM helps to achieve higher productivity, time efficiency as well as enhanced quality of visualization and documentation
Better collaboration, coordination and communication between the different involved parties

Clarified and unified project’s goals for all the involved parties

Supportive decision-making tools

Project cost reductions throughout design, construction and operation phases

Better management: through clash detection, time and resource saving

The potentials BIM has to offer for sustainable and large-scale projects even with large amounts of information and stakeholders
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6.1.4.3

Obstacles

In order to find out how to improve the implementation of BIM in Egypt,

it is first needed to define and understand the obstacles that hinder the spreading

of BIM usage in AEC activities;

Table 21. Obstacles for BIM Implementation. Adapted by (Author, 2019).

Aspects

Obstacles

Resistance to shift

Hindered improvement

Software

Economic barriers

Some researchers propose that clients are the main driver for BIM adoption, while
others see it is still the designer’s responsibility to share how BIM is developed and how
its further utilization is driven.

The limited coordination between the design and operation to define how data is
provided for operational managers.

The sustainability certification is not being mandatory, which make some users believe
BIM is not necessarily required.

BIM suffers from the inconsistent requirements, lack of standards and several changes
of existing processes.

The resistance to change workflow and the mindset of clients and contractors

Implementing BIM as a performance management tool has not been widely adopted
beyond research which results in numerous barriers regarding BIM application .
The uncertainty of who should develop and operate the BIM models

Some software is developed only to address certain quantitative aspects and not the
whole process .

The interoperability of information among different software and platforms and the
need of well-developed practical strategies and tools to transform and export files in
different formats which might, sometimes, cause loss of data.

Relatively high cost of BIM licenses purchases which result in a limited number of
professionals implementing the BIM technology.

The equipment upgrade that might be needed to operate BIM software efficiently
requires high-end specifications, which costs more.

Alarge sector of the Egyptian marketis not fully aware of the ROI study, which could
be quite essential to show the effectiveness of moving their firms to be BIM-adapted.
The need for additional cost for staff training and sometimes the convenience of
training can discourage the shift to BIM.

Knowledge and
Technicalities

Limited availability of skilled staff, as for needing special training and technical expertise
The need for well-defined transactional models for the construction process which would
effectively eliminate issues of data interoperability.

The limited access for drafting standards and content libraries .

The requirement of computable digital design data.

The lack of BIM documents instructing the application, use, standardization of the
implementation guidelines and the establishment of model contract documents of BIM
in construction practices .

The difference between the high building design standard and the falling behind
information management standards Making the best use of BIM tools is hindered by the
division between research and practice of BIM implementation in the real world.

The absence of detailed guideline of the best practice (in a form which can be replicated)
of BIM to support ongoing building performance optimization .

Some companies had to develop their own protocol and standards, based on BIM forum
standards. Others used British standards which all highlight the problem of not having a
national BIM standard in Egypt.

The usage of BIM is generally limited to the building’s design (including architectural,
structural, Mechanical and Plumbing (MEP) aspects and Bill of Quantities) but rarely
used for the other dimensions of scheduling and cost estimation.

limited legal guidance regarding the authorization of the ownership of information
within the BIM model and uncertain determination of the owner’s information
requirements
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6.1.4.4 Recommended Improvements

These barriers could be overcome by following the listed-below actions

(see Table 22,Table 23 and Table 24) regarding GBRS, LCA and BIM respective-

ly:

Table 22.

Recommended Improvements for GBRS Adoption. Adapted by (Author, 2019).

Spread the awareness of GBRS potentials.

Mandate GBRS certification for new projects, and establish globally-rec-
ognized baselines into governmental/ national regulations to specify
minimum requirements and sustainability rating.

Form a common ‘efficient building’ design language.
Provide a holistic definition of sustainability.

Tie use phase energy consumption into LCA of products within GBRS
to attract a wider range of building stakeholders by aligning, as much
as possible, the environmental and financial implications of products.

Evaluate the energy saving associated with materials choices to effec-
tively increase the merits behind GBRS credits.

Involve more development for LCA indicators and impact categories in
GBRS, giving special attention to the whole life perspective of projects to
cover the construction, operation and sometimes the dismantling phas-
es.

Enhance the collaboration between the involved stakeholders gives a
better chance to exchange opinions, knowledge and invent more effi-
cient design solutions.

Provide an operative holistic definition of sustainability, which brings
designers’ attention to further sustainability concepts

Promote integrative planning and incorporating multi-stakeholders can
be an effective tool.

Form a common language and discussion on green efficient building de-
sign

Allow for better innovation within design practices for all the involved
parties

Raise the awareness and provision of proper education of the environ-



Table 23.

mental issues we are facing and the potentials of GBRS in counteracting
against them along with the benefits of less operating costs, healthier
environment, reduction of negative environmental impacts as well as
saving energy and water. Also, it is highly recommended to spread the
knowledge about Life-Cycle approach.

Understand the importance of the other pillars of sustainability espe-
cially the social aspects, which are mostly overseen.

Get involved with other ‘successful’ international associations to inherit
some of the guidelines, standards and processes they follow.

The cooperation between academia and the private sector with govern-

mental institutions to include GBRS within educational programs as
well as maximizing benefits from the performed research efforts.

Recommended Improvements for LCA Application. Adapted by (Author, 2019).

Enhance the data quality as for affecting all four stages of LCA assess-
ment process.

Increasing the consistency across reports by providing analyses of com-
mon parameters in existing tools that will provide guidance on how to
carry out the LCA process.

Propose an international ‘taxonomy’ of Goal and Scope definition to list
the minimum necessary parameters.

Offer simplifications to conduct LCAs by including proliferation of
methods and tools, which would significantly reduce the most time-con-
suming part; LCIA phase.

Broadly redefine LCA tools as for being; ‘any systematic means that deals
with environmental issues during a product’s development process’.

Lead efforts in harmonizing database development and LCA reporting.

Spread the implementation of quality guidelines (such Ecoinvent LCI
database) in order to ensure coherent data acquisition and reporting.

Carry out data validation and sensitivity checks to eliminate making as-
sumptions.

Improve documentation of acquired data and data assumptions to en-
hance transparency.

Mandate inclusion of social and economic aspects as for their important
influence on an LCA comprehensiveness.




Table 24.
2019).

Follow the after-mentioned criteria respectively; physical properties
(like mass, economic value or the number of subsequent uses of recycled
materials), to solve the allocation problem.

Standardize LCA inventory and impact datasets and develop model bas-
es to aid the LCA industry by alleviating persistent problems with data
availability and quality.

Model environmental impacts of extraction and pollution geometrically
(when possible), to improve the sophistication of LCA.

Link the indoor environmental quality with the surrounding area to get
a good picture of a ‘holistic’ environmental performance of the built en-
vironment.

Establish new ways to enhance the communicability between assess-
ments.

Consider site adaptations, local aspects and priorities needed to fit in
cases of contextual differences.

Study the social and economic aspects without increasing the complex-
ity of the LCA process.

Performing LCA assessment throughout the early stages of the design
process (aligning with the material selection phase) can make the design
process a lot smoother and time efficient.

Recommended Improvements for BIM Implementation. Adapted by (Author,

Mandate the use of BIM for projects of certain sizes. This can happen
gradually in new construction projects; starting with public, then pub-
licly-funded and private projects later.

Communicate with governmental bodies and authorities to form a vi-
sion of BIM implementation in construction industry.

Cooperate with the private sector and industry leaders to assist in vi-
sioning and being involved in the roadmap.

Include academia to share their knowledge and research background to
assist in proper implementation scheduling.

Offer incentives for AEC companies to implement the integrated ap-
proach such as tax reduction or loan provision.

Create ‘Open Data’ standards



« Establish a cooperative learning environment for users.

« Establish a BIM best practice platform, for evaluating and sharing and
pilot projects case studies

« Expose to international markets.

« Seek for organizations which generate software solutions and equip-
ment of direct and indirect applicability to the design, construction and
operation of facilities, to develop software with better accessibility and
compatibility with the Egyptian AEC industry needs.

« Establish national standards, guides and protocols for BIM implemen-
tation in Egypt.

+ Spread the knowledge of Integrated Project Delivery (IPD).
» Increase the level of maturity gradually.

« Provide BIM basics courses for the professionals working in Govern-
mental positions who need to evaluate submitted projects.

« Providing BIM formal and informal education as well as training sup-
port to educate potential service providers by cooperating with stand-
ards organizations and universities.

+ Spread knowledge and awareness of BIM potentials among AEC profes-
sionals and owners, so they would be more willing to implement BIM
tools into their building practices.

+ Automate 3D scanning process and developing the inference between
scanned objects can highly facilitate existing building renovations.

« BIM should increase its capacity to effectively integrate with environ-
mental analysis and improve interoperability.

6.2 Adding Value through Emerging Approaches

6.2.1 GBRS - LCA

Over the last few years, there has been a shift from the perspective ap-
proach of sustainable design towards the scientific evaluation of the actual per-
formance throughout Life-Cycle Assessments (LCA). LCAs are not “yet” a con-

sistent requirement in all green building rating systems and codes but there are
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growing trends requiring LCAs and many methods attempting to improve their
implementation (Vierra, 2019).

The integration of LCA and GBRS can be quite beneficial as LCA gives
the quantitative perspective of manufacturing and in-use environmental impacts
of products while GBRS focuses on the qualitative perspective of how these se-
lections would affect the environmental, social and economic qualities of the de-

signed buildings.

6.2.1.1 Case study (1)

In a study performed by (Collinge, et al., 2015) titled “Integrating life cy-
cle assessment with green building and product rating systems”, the team stud-
ied the integration between LCA and GBRS to examine and compare alternatives
for two building products, to achieve LEED certification. The first experiment
(Figure 41) compared a conventional carpet with three other RED List free or
compliant carpets. The results show that not only the components of the chosen
products make the difference, but also the combination of materials can have the

most environmental impacts.

The second experiment (Figure 42) was assessing alternative building
materials for two roof scenarios for an existing commercial building and how the
energy consumption was affected during the in-use phase. The study found that
selection of one material can help in achieving LEED credit points (for Urban
Heat Island (UHI) reduction as a result for cooling energy conservation) while
LCA finds the other alternative is a better choice (as for having less toxic content

and its manufacturing generates less waste).
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Figure 42. Case study (1) - Second experiment: Comparison between two
roof building products using an integrated LEED and LCA process. Adopted
from (Collinge, et al., 2015).
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6.2.1.2 Case study (2)

(Vierra, 2019) supports the same opinion that green building rating sys-
tems still require an integrated design process throughout the building’s life-cy-
cle from siting to design, construction, operation, maintenance renovation and
demolition to create projects that are truly environmental responsible and re-
source-efficient.

This was proved in a study done by (Collinge, et al., 2015), where opti-
mizing the building envelope design as part of fulfilling GBRS criteria has result-

ed in significant energy savings, less payback periods and more life-cycle savings.
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Figure 43. Case study (2) - Second experiment: Comparison between building
products using an integrated LEED and LCA process. Adopted from (Collinge, et al.,
2015).
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6.2.2 Green BIM (GBRS - BIM)

BIM-related researches usually center their attention particularly on ge-
ometrical information. It has been suggested by (Idra, 2017) to direct some focus
on semantic data to avoid the creation of the graphical model to save time and
resources.

However, before BIM, an engineer traditionally would assign a perime-
ter and a core to do analyses for a building. This is where the attempts to integrate
sustainability considerations with the design process lacked the feature of activi-
ties sequence as well as reasoning of decisions. The problem is even exacerbated,
when the information needs of design disciplines vary, resulting in difficulties to
make optimal design decisions (Zanni, et al., 2017).

BIM is considered as ‘Green’ when BIM tools are used in a project to
achieve environmentally-improved building performances or sustainability ob-
jectives. ‘Green BIM’ can be defined as a model-based process that generates and
manages coordinated and consistent project’s data during its lifecycle while en-
hancing energy-efficiency performance and facilitating the accomplishment of

established sustainability goals (Wong & Zhou, 2015).

6.2.2.1 Case study (3)

Combining LEED rating system with BIM tools can create more sustain-
able out-comes in buildings. LEED experts see that BIM tools can effectively sup-
port some of the green building practices and strategies promoted by the LEED
rating system.

According to (Figure 44), (Wu & Issa, 2014) used BIM to achieve LEED

certification as per the following integrated process;
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Figure 44. Case study (3): Integrated Framework of using BIM for LEED
Certification . Adopted from (Wu & Issa,2014).

Step 1: Preparatory

1.  Determine the feasibility of achieving the required certification
LEED level (primary business goal) based on the accumulated LEED
credit points (secondary business goal).

2.  Map BIM uses for each of the sought LEED credits using a LEED
strategy (a checklist that represents the project compliance path with
LEED certification by linking the LEED activities (tasks essentially
needed in order to score LEED points) to a particu-lar functionality of
BIM to conduct the desired analysis to confirm that the design meets the
LEED credit requirement).

3.  Choose Project Method Delivery (PMD) like Integrated Project
Delivery (IPD), which facilitates BIM use amongst multiple parties, en-
courages the early involvement of stakeholders and enhances collabo-

ration.



4.  Identify stakeholders and create project team, which includes; the
owner, architects, engineers, contractors, commissioning agent (CxA),
consultants (including LEED instructor) and suppliers.

Step 2: Level 1 Process Mapping

5.  Layout LEED activity (e.g. carry out energy analysis) for a specific
LEED goal (optimized energy performance);

6.  Define BIM use (e.g. energy analysis);

7. Identify responsible parties (e.g. consultant);

8. Determine inputs/ out-
Pt T° LEED v

puts; "-1 - ,,"'/

9. Identify potential Parfors Enengy Anslysh
b Goatapiual -
Tl it
sub-processes; | mdes  Ereey Mghan n.\
| f)‘ 2T
|| — 10 Llag il
Firny A

10. Create similar processes

at the same phase; Figure 45. Example for Level 1
process Mapping (Wu & Issa, 2014).

11.  Articulate BIM use for
non-green (which does not ad-
dress LEED activities) processes. See (Figure 45).

Step 3: Level 2 Process Mapping

12. Examine through LEED Gateway (a process control of business
decision-making, driven by LEED strategies or standards, to identify the
compliance path needs to be taken to meet the credit requirement (e.g.
whole building energy simulation is needed to optimize energy perfor-
mance);

13. Determine whether the BIM model is appropriately developed for
energy simulation as regulated by standards (e.g. elements like walls,
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roofs and shading devices, specified thermal zones and space boundar-
ies are modeled);

14. Develop BIM model to the sufficient LOD compliant with energy
analysis needs;

15. Determine proprietary and open source data schemas to stream-
line information export from BIM to BEM (Building Energy Model).

(See Figure 46).

16.  Specify expected outcomes.
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Figure 46. Information Exchange for BIM-based Energy Simulation (Wu & Issa,

2014).
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6.2.3 LCA - BIM

Recent global sustainability research has focused on how to manage and
minimize energy consumption and carbon emissions over the entire life-cycle of
buildings (Ant6n & Diaz, 2014). BIM as a Construction Information Technology
has gained a special attention due to its possible contributions to building sus-
tainability and lifetime performance enhancement (Wong & Zhou, 2015).

Usually in a conventional LCA, most of the information regarding the
building construction process is lost during the calculation procedures which
makes the optimization of the architectural design (after the assessment) rather
difficult. In this regard, setting (assembly-approach) BIM-LCA framework can be
much more efficient (Yang & Wang, 2013).

6.2.3.1 Case study (4)

A study performed by (Shoubi, et al., 2015) to investigate BIM poten-
tials in assessing the effects of material compositions alternative on reducing the
building’s annual operational energy use. As illustrated in Figure 52, first the plan
drawings and material specifications of the building were provided, then it was
simulated in Revit software. Afterwards, for Energy modeling in Ecotect Analysis
software, the various parts of the building need to be separately zoned (to model
the energy of various spaces and export the file to Ecotect software). Therefore,
the file is exported in gbXML format, to make sure that all the building’s specifi-
cations defined in Revit are exported to Ecotect. How-ever, some basic assump-
tions still need to be established (such as location and type of building). In Eco-
tect, further assumptions need to be established like activity, type of system and
thermal comfort temperature). Finally, the building annual operational energy is

then calculated, while examining alternative materials to find out the most con-
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venient materials in achieving the highest energy efficient performance.
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Figure 4. Case study (4) Framework integrating LCA and BIM (Shoubi, et al.,
2015).

6.2.3.2 Case study (5)

(Yang & Wang, 2013), have integrated LCA and BIM, as shown in Fig-
ure 53, to calculate the environmental impacts of a high-rise residential building
in Tianjin, China. The results showed that the operational phase was accounted
for almost 90% of the total energy usage basically because of; the large area of
the building and the low-intensity building materials used for construction. By
comparing these results to low-energy buildings in Europe, they concluded that if
the building’s envelope could be optimized (specially with regards to insulation)
significant improvements can be achieved. Hence, lowering energy demands
in the operational phase of a building can be achieved by the appropriation of
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construction materials selection (Yang & Wang, 2013). In this study, they have
suggested some alterations for the LCA process, such as; to perform the LCA on
assembly-based rather than material-based approach to make the assessment
results more accurate.

Therefore, this approach can be applied using BIM as for being ob-
ject-based which can include the information of assembly details for all the in-
cluded components in a building. Furthermore, using this BIM-LCA framework
can involve not only the parametric information (from building assemblies da-
tabases) and construction materials data (specially energy efficiency related in-
formation), but can also add the dimension of material cost (retrieved from cost

data inventories) (Yang & Wang, 2013).
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Figure 48. Case study (5) Integrated BIM and LCA framework (Yang & Wang,
2013).
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6.3 Maximizing Benefits: Integrating GBRS - LCA - BIM
Performance analysis tools have been utilized extensively in order to
predict and quantify aspects of environmental impacts and sustainability to ame-
liorate quality and cost throughout the building’s life-cycle. As a sequence, the
workload of these assessments can be significantly saturated with information
compared to traditional project delivery especially at the early design stages. Fur-
thermore, the contribution of design participants and accuracy of the provided
information are crucial for a successful delivery. Therefore, the hardest challenge
in the whole process is communication and coordination across the involved
multidisciplinary, and this is what the design process usually suffers from. This
is where the sustainable outcome is difficult to achieve as a result of the absence
of the appropriate information exchange when critical decisions are supposed to
be made (Zanni, et al., 2017).

On one hand, the Life-cycle assessment and Green Building Certifica-
tion when performed apart from BIM (using separate software tools), this turned
the whole assessment into a complex process that is subjected to many draw-
backs such as; data re-entry, work duplication; increased initial costs and com-
plex interoperability issues.

On the other hand, despite the several benefits of integrating LCA and
BIM, the process still lacks the guidelines of how they could be used as deci-
sion-making tools (Stella, 2018). These guidelines can be inherited from GBRS

design criteria and requirements.
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6.3.1 Case study (6)

(Lu, et al., 2017) developed what they called a “BIM green building nex-
us”; a triangle showing the support BIM can offer to a green building throughout
its whole life-cycle. The triangle, in Figure 54, consists of;

1) Project Phase: defining the phase perspective of the project’s life-cycle
whether it is design, construction, operation and maintenance or demolition;

2) Green Attributes: where sustainability considerations like energy
and water saving, indoor air quality, sustainable material selection, opportuni-
ties for daylighting and natural ventilation and acoustics analysis are included;

3) BIM Attributes: P
which shows the contribu-

tions of BIM technology with

fEnalasnm

regards to visualization, anal-
ysis and simulation, documen-
tation management as well as
collaboration.

They found out that
BIM have many potentials to

support green building in both

the life-cycle analysis (LCA) of

Ty and
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green buildings and the green | . fuowr e
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Figure 49. Case study (6): Integrated LCA-
BIM framework for Green efficient building design.
Adapted from (Lu, et al., 2017).
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6.3.2 Case study (7)

In a study performed by (Jalaei & Jrade, 2013), the authors' aim was to
develop an automated way to accomplish 3D sustainable design and relate the
model with the earned certification points and the associated costs.

The methodology integrated several applications in the following frame-
work;

1.  Phase 1: a relational database for the model to design sustainable

buildings;

2.  Phase 2: 3D BIM Revit modeling to create families and keynotes

for the new elements and building's components;

3. Phase 3: Design an LCA module to evaluate the environmental

impacts of the design;

4. Phase 4: Incorporate a module for the sought green certification

to calculate the potential earned points and the associated costs.

| I awy I-—-l Iulnnm.lll

T e Y LTI T S T

Figure 50. Case study (7): Workflow in an Integrated LEED -LCA -BIM
framework (Jalaei & Jrade, 2013).
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6.4 Summary
BIM is found to be a helpful tool with regards to improving sustainable
outcomes and achievement of green objectives. Moreover, BIM helps to enhance
the integration of sustainable components in building design industry, especially
the application of energy efficiency in the life-cycle of buildings (Wong & Zhou,

2015).
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Figure 51. Chapter 7 Scheme (Author, 2019).
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CHAPTER 7 DISCUSSION,
CONCLUSIONS AND
RECOMMENDATIONS

"BIM can deliver tremendous benefits, but doing so requires a departure from
traditional ways of working."
(Arayici et al., 2009)



7.1 Discussion
The models reviewed in the previous chapter gave a clear image of the
position of GBRS, LCA and BIM regarding their implementation in AEC activi-
ties. A SWOT analysis is being presented to illustrate the Strengths, Weaknesses,
Opportunities and Threats of including each of GBRS, LCA and BIM in integrat-
ed frameworks to achieve effective decision-making in the field of efficient build-

ings.
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Table 25.

7.1.1Strengths

SWOT Analysis: Strengths of each of GBRS, LCA and BIM Methodologies.
Adapted by (Author, 2019).
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GBRS LCA BIM
Unified goal for all the Inclusion of all Faster and
involved stakeholders phases of buildingg’ controllable design
Enhanced building life-cycle process allowing for
performance LCA provides easier environmental
Higher reductions of information about assessment
energy, carbon, water environmental increased
crrdl e impacts effectiveness,
Running cost “Sustainably’ efficiency
reduction compares between Less time
Higher lease-up rates alternative products consumption
Certification verifics Understands the No need for manual
the green nature of long-term holistic data re-entry
projects perspective of design Improved exchange
) _ choices and management of
Works as an incentive promotes ‘green- information
:: j;:::lz ability’ of market enhanced
construction practices products collaboration between
New available the involved parties.
Encourages the software tools Better accessibility to
market to purchase information starting
grr:nil;:nd recycled from the early design
proct stages
Higher occupants Possibility to compare
productivity, health design alternatives
and comfort and the resulting
environmental
performance

Higher capacity for accommodating the three pillars of sustainability (Holism).

Improved effectiveness of environmental assessment as for being performed

starting from early design stages

Recognizing (in real time 3D model) the impact of every design choice on the

ecological, economical and socio-cultural resources of local and global

environments.




7.1.2 Weaknesses

Table 26. SWOT Analysis: Weaknesses of each of GBRS, LCA and BIM Methodologies.

Adapted by (Author, 2019).

e Not involving phases
of maintenance,
repair, recycle/ reuse
of existing materials
or components and
demolition

¢ Economic barriers
(unawareness of long-
term benefits)

e Limited knowledge of
‘sustainability-related’
tasks

e Lack of incentives

e  Limited availability of
‘sustainable’
equipment

e Unclear (sometimes
complex) certification

process

not for the same type
of buildings or the
same geographic
regions.

¢ Limited availability of
environmental data
required to carry out
LCAs

¢  Uncertainty caused by
the assumptions done
in cases of data
unavailability

¢ Complexity and user
unfriendliness

¢ Limited research on
renovating existing
housing within energy

efficiency measures.

GBRS LCA BIM

¢ Neglecting cost e Lackof standardized | ® The training required
efficiency, carbon ways for performing for stakeholders to
footprint. and presenting LCAs know-how to include

environmental
criteria to their
assessments

e  Costly transition

e Limited knowledge
and technicalities

o Limited availability of
skilled staff, as for
needing special
training and technical
expertise

o Resistance to shift

e Relatively high cost of
BIM licenses

e Lack of standards and
local protocols

e  Limited access to best
practices

e Improvement is
hindered by the
division between

research and practice

e  There is still further development needed to enhance interoperability between
GBRS, LCA and BIM tools
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Table 27.

7.1.3 Opportunities

Adapted by (Author, 2019).

SWOT Analysis: Opportunities for each of GBRS, LCA and BIM Methodologies.
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v

GBRS

LCA

BIM

e  Provide a holistic
definition of
sustainability

e Promote
collaboration
between stakeholders

e Form a common
‘efficient building’
design language

»  Allow for innovation

¢  Spread the awareness
of GBRS potentials

¢ Mandate GBRS
certification for new
projects

¢  Maximize benefits
from academic

research

e Integration of LCA in
the planning process

¢ Some LCA online tools
are currently working
on including DGNB
2018 reporting within
the assessment.

¢ Enhancement of data
quality

o Proposean
international
‘taxonomy’ for the
minimum necessary
parameters

¢  Data validation and
sensitivity checks

¢ Improve
documentation

¢+ Mandate inclusion of
social and economic
aspects

¢ Standardize LCA
inventory

¢  Geometrically model
environmental
impacts (when

possible)

e Import data from Lite
BIM tools to
professional ones so
that owners can easily
build their design and
transfer them to
professionals

* Movement from
desktop apps to
internet-based apps

s Using BIM tools to
support complex
systems such as
HVAC equipment

e Mandating the use of
BIM for projects of
certain sizes

e Create ‘Open Data’
standards

s Establisha
cooperative learning
environment for users

¢ Exposure to

international markets

¢ Integrating GBRS (in some cases), can overcome the limited knowledge of

sustainability aspects when performing LCA

¢  Greater incorporation of LCA in GBRS can significantly enhance quantitative

comparisons between alternatives.

¢  LCA becomes valuable within BIM, when combining construction technologies,

process and policies.




BIM protocol and
standardization

regulations.

Limited Client demand

The limited collaboration between the stakeholders involved in the AEC industry.

The limited awareness of the significance of efficient building practices regarding

their environmental, economic and social benefits.

Improvement is hindered by the division between research and practice.

The absence of well-defined transactional model and processes for the

implementation of each.|

7.1.4 Threats
Table 28. SWOT Analysis: Threats for each of GBRS, LCA and BIM Methodologies. Adapted
by (Author, 2019).
GBRS LCA BIM
Neglecting involving | ®  Neglecting involving AEC practitioners’
GBRS within the LCA within the resistance to shift
building regulations building regulations because their
by the national by the national perception of BIM
authorizing bodies. authorizing bodies. potentials regarding
The need for special | * The need for special relevancy,
e s expertise to perform compatibility with
implement the the assessments. project sizes and ROI.
design criteria and Neglecting involving
certification process. BIM within the
building regulations by
the national
authorizing bodies.
The lack for a National
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7.2 Conclusions

From the previous analysis along with the case studies reviewed in Chap-

ter 6, the concept of full integration between GBRS, LCA and BIM was found to

have a wide variety of potentials. Yet, the development of this concept still suffers

from a number of issues. The benefits and issues are briefed in the next part, and

are followed by the recommendations to maximize the benefits and overcome the

challenges.

7.2.1 Benefits of Full Integration

The integration of GBRS, LCA and BIM in one holistic approach has a

wide range of benefits, such as;
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Targeting a wide range of users (Zanni, et al., 2017);

Sharing the environmental-friendly sustainable point of view with all
the stakeholders involved in the AEC process (Zanni, et al., 2017);
Supporting decision-making in early design stages (Stella, 2018);
Taking off the quantities from Revit to perform LCA saves much time
and effort (Stella, 2018);

Early integration of LCA within BIM provides the benefit of assessing
the environmental impacts of the materials and systems used in the ar-
chitectural design, structural, MEP and HVAC disciplines (which are
mostly concerned about the cost and safety and not the environmental
aspects of their choices) (Stella, 2018);

Guaranteeing the inclusion of social and economic points of view be-

sides the ecological aspect.



7.2.2 Shortcomings

The implementation of integrated GBRS, LCA and BIM within one ho-
listic approach still has many shortcomings, such as;

In BIM-enabled sustainable design process, organizational aspects have
not been yet sufficiently addressed (Zanni, et al., 2017).
The limited coordination among people, tools, deliverables and required
information, which hinders effective interactions between stakeholders.
This keeps BIM only at maturity level 1 instead of the collaborative BIM
maturity level 2 (Zanni, et al., 2017).
The lack of a comprehensive structured process that enables the har-
nessing of intellectual inputs of all the involved disciplines that eventu-
ally would assist professionals in planning and delivering green building
design from the early stages (Zanni, et al., 2017).
The need for a level of detailed information within the BIM model in
order to perform the LCA, that would be very advanced to make changes
(Stella, 2018).
Inclusion of such an amount of information (specially for large-scale
projects) makes Revit files too large to run (Stella, 2018).
In some cases, objects in the Revit model do not correspond to the real
products, making it hard to get the exact amount of used materials (Stel-

la, 2018).
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7.3 Recommendations
This section divides the recommended improvements needed to be con-
sidered to enhance the Sustainable Building Design process in two parts; first
by developing a framework, integrating GBRS, LCA and BIM in one holistic ap-
proach. Besides the second part which illustrates the measures required to sup-
port the application of the proposed framework and the parties responsible for

each.
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7.3.1 Development of Integrated Framework
This part aims at developing a conceptual framework to integrate GBRS,

LCA and BIM in one holistic approach.
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Figure 52. Proposed frame work for integrated DGNB - LCA - BIM Design
Approach (Author, 2019).
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This framework can be applied as a decision-making support tool

throughout the initiation, planning, management and design stages, to enhance

the environmental performance of the SBD performed using BIM.

7.1.1.1 Phase (0) Preparation

This phase is intended for integration process preparation as follows;
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Figure 53. Phase (0) Preparation (Author, 2019).
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7.1.1.1.1 Initiation

Identify business goals: Determine the feasibility of achieving the
required DGNB certification.

Map BIM uses: for each of the sought criteria/ credits (project com-
pliance path) by linking each of the DGNB activities/ tasks to particu-
lar BIM functionality to define the analyses needed to confirm meeting
DGNB design requirements.

Choose PDM: like IPD that facilitates the use of BIM amongst multi-
ple parties, encourages the early involvement of stakeholders and en-
hances collaboration.

Indicate Level of information: and overall geometric expression of
the modeled objects in each phase.

Create project team/ define responsible parties: Project team
should normally involve the owner, architects/ designers, structural,

MEP and HVAC Engineers, Contractors and Commissioning Agents. In



the proposed framework, it is suggested to involve the DGNB assessor
and LCA experts from the early stages of the design process.

7.1.1.1.2 Planning

Define Scope: articulate BIM uses for green and non-green processes
Plan Quality

Plan Stakeholders/ Responsible parties: (e.g. Consultant)

Plan Communication

Define LCA Goal and Scope: Goal (assessment goal and background
information for the assessment) and scope (minimum required infor-
mation, functional unit choice, study period reference, system bounda-
ries definition).

Define targeted DGNB certification level: either Gold, Silver or
Bronze

7.1.1.1.3 Management

Develop BIM Management Plan/ Control schedule/ control
cost

Determine inputs: (Figure 54)

Specify expected outcomes (Figure 54)
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Figure 54. Inputs/ outputs of the proposed framework process. Adapted by
(Author, 2019)

7.1.1.2 Phase (1) Material Database

Figure 55. Phase (1) Material Database (Author, 2019).
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Establish a green material database by;

Include the information: of environmental product declarations, the
material Red List sourcing of raw materials, and material ingredients, as
determined by third party verification adhering to ISO standards 14025,
14040, 14044, 21930, and 26000 (Collinge, et al., 2015). See example in
(Table 29).

Collect further data: about the technical and non technical specifica-
tions for the listed materials as well as manufacturers, suppliers infor-

mation.



Table 29.

Example for the functional, technical and financial specification of sustainable
materials collected in the Green Material Database (Jalaei & Jrade, 2014).
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« Build corresponding families and related keynotes: for the
building elements (Walls, windows, roofs, floors and doors, etc.) using
the selected materials (Figure 57).

« Export elements (with the same functional unit) to LCA tool and es-

tablish Life-Cycle Inventory.
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Figure 57. Example for the comparison between alternative materials for wall
components (Stella, 2018).
7.1.1.3 Phase (2) Design Criteria
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Figure 56. Phase (2) Design Criteria (Author, 2019).
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Efficient building principles and DGNB Design criteria: Adopt
the sustainable design criteria (regarding the qualities of DGNB system)
that need to be considered in the proposed designs, in order to maxi-
mize the certification possibilities and points. Also, expected energy tar-
gets need to be estimated.

7.1.1.4 Phase (3) 3D Sketching:

ﬁmuuup - _| [ g HE ]

Figure 58. Phase (3) Sketching(Author, 2019).

General Geometry: Start with simple
geometrical representation of forms (in-
cluding parts crucial for the design such

as; external surfaces and floors) using

Sketchup and suggest different solu-

Figure 59. Generic
tions and building envelopes. objects with approximate
sizes, dimensions, position
Apply materials: for a quick estima- and orientation (Stella,
2018).

tion
Fill the rest of the required fields in LCA tool
Light LCA: to only facilitate the comparison between the alternative

geometrical forms and their corresponding environmental impacts.
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Figure 61. Example for the comparison between the environmental impacts of
material alternatives in Light LCA (Stella, 2018).

7.1.1.5 Phase (4) LCA

4
E
-

R e Rt

Figure 60. Phase (4) Life-Cycle Assessment (Author, 2019).

« Import quantities for different scenarios: using Excel

« Link corresponding materials: from the LCI inventory

+ Add the needed information requirements such as; calculation
period, building area and approximate energy consumption.

« Analyze through comparative tables: see example in (Table 30).
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Table 30. Example for Comparative tables of Materials per class in Revit and One Click LCA

per class (Stella, 2014).
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+ Conduct Calculations: with accurate areas and volumes exported

from BIM Model

« Compare between results: of Environmental impacts of the alterna-

tive materials

« Life-Cycle Impact Assessment

« Export calculations: and documents required for DGNB certification
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~7.1.1.6 Phase (5) Object-based Modeling
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Figure 62. Phase (5) Object-based Modeling (Author, 2019).

«  BIM model: representing a well-co-
ordinated proposal of the building.

The objects have specific dimensions,

areas, volumes, positions and func-

tions. Figure 63. Definition of
final functional, performance
« Develop the modeled object to and material contexts in BIM
model (Stella, 2018).

the sufficient LOD, compliant with
the required analyses' needs as regulated by standards (e.g. elements
like walls, roofs and shading devices, specified thermal zones and space
boundaries are modeled);

« Apply materials: with detailed specification including manufacturing,
purchasing and use details such as cost and maintenance parameters.

« Collaborate: the architectural design with other disciplines.

« Export the modeled building: proprietary and open source data
schemas to streamline information export to perform Thermal, Energy

Demand and Daylight analyses.
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Figure 64. Information Exchange from BIM Model to building energy simulation
tools (Jalaei & Jrade, 2014).
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Figure 65. Example of Day lighting simulation in Ecotect and IES-VE (Jalaei &
Jrade, 2014).
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Example of the results of Life-Cycle Assessment Report (Jalaei & Jrade,

« Perform LCA Interpretation, as per the illustrated example in (Fig-

ure 66)

« Apply design optimization if needed (as per concluded from LCA)

« Produce: Documents, Quantity take-off schedule and associated costs.

« Check for DGNB Requirements compliance.

« Proceed in DGNB Certification Process.
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Table 32.

Example of the Quatity take-off schedule for each class (Stella, 2018).
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7.3.2 Model Validation

In order to prove the applicability of the proposed model an interview

(see Appendix Q) has been conducted for preliminary validation and expert opin-

ion collection with 3 participants of whom; one has been involved in the research

field of BIM Development and the other two are BIM practitioners who imple-

mented BIM in projects seeking for GBRS certification.

The participants reviewed the proposed model, gave feedback and pro-

vided some recommendations to enhance the applicability of the framework (to

be considered in further versions) as follows;
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The model is quite promising as a concept, but it is quite complex.

A key should be provided so it can be easily comprehended.

The Phasing of the proposed model can be very effective in terms of
application; meaning that companies seeking for Developing their SBD
system using BIM can slowly implement the phases one at a time espe-
cially for the phases intended for material data collection and database
preparation.

Companies in Egypt, in order to overcome the problem of not having a
national BIM protocol, had to inherit protocols from the UK or some-
times developed in-house BIM standards. Similarly, this can be done
in preparing the material database and building Revit families and key-
notes specifically for the ,materials available in the Egyptian market.

It would be very beneficial to find/ establish a BIM forum or platform,
where the best practices can be shared among BIM users.

One major factor that might affect the implementation of the proposed

framework is the current environment in terms of processes and poli-



cies, which to change need a real desire for development from both indi-
viduals and organizations.
The phasing of the framework should be linked to either the American

or British BIM system as per the standard followed in the organization.
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~7.3.3 Measures for Better Implementation

The success of the implementation of (GBRS -LCA - BIM) integration

FOLICY

Figure 6. Involved Player groups. Adapted from (Succar, 2017)

rely on responsibility diffusion between Policy, Process and Technology (Figure

67), for which the following measures' need to be considered;

7.3.4 Policy

7.3.4.1 Authorities
Governments need to;
- Upgrade local mandatory codes and enforce sustainability practices at

least in public buildings.
1 Actions may occur sequentially or concurrently, or sometimes will reiterate.
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Establish policies that mandate BIM adoption for all major projects.
This can happen gradually in new construction projects; starting with
public, then publicly-funded and private projects later.

Collaborate with academia and private sector to set a road map and time
frame for BIM adoption. Develop BIM standards and guidelines for
Provide BIM basics courses for the professionals working in Govern-
mental positions who need to evaluate submitted projects.

Offer incentives for AEC companies to implement the integrated ap-
proach such as tax reduction or loan provision.

Mandate a minimum level of GBRS certification gradually for new con-
struction projects; starting with public, then publicly-funded and pri-
vate projects later.

Require the submission of GHG emission accounts (for both public and

private sector projects) as part of their international commitment.

7.3.4.2 Educational and Research Institutions

There is a need of a cultural shift to bring researchers closer to the in-

dustry, by;

Raising sustainable awareness and education in schools and colleges as
well as within the construction market’s key players (such as Owners,
consultants, contractors, manufacturers...) Promoting for the feasibility
and economic, social and environmental benefits of green projects to
owners and landlords is an important step to start upgrading the con-
struction market.

Provide BIM formal and informal education as well as training support
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to educate potential service providers by cooperating with standards or-
ganizations and universities. These teachings can be more beneficial if
included the concept of collaboration between different disciplines in
shared projects as well as sustainable construction and life-cycle.
Researchers, in order to train HQP, need to build a new GBRS, LCA
and BIM body of knowledge from the practical and application lessons
learned in the industry.

7.3.4.3 Industry associations

The industry needs highly qualified personnel (HQP) to help them nav-

igate in this new business environment.

7.3.5 Process

7.3.5.1 Construction organizations

Establish an official qualified independent authority for quality and en-
vironmental control. This authority can be then responsible to collect
and verify data sheets (from Environmental Product Declaration and
Materials Red list) for local materials (in terms of the recycled content,
the source of the material, the SRI value, and the VOC content) and de-
velop a Green Material database (for locally manufactured construction

materials) adhering to ISO standards.

7.3.5.2 Individuals
Increasing the Demand for Sustainability Clients can make consultants,
contractors and manufacturers eager to enhance their knowledge and

practice sustainability in their works.



Spread knowledge and awareness of BIM potentials among AEC profes-
sionals and owners, so they would be more willing to implement BIM
tools into their building practices.

7.3.5.3 Communities of Practice

Provide expert support and resources for ongoing projects to incorpo-
rate BIM technologies.

Create a BIM open source platform, where BIM best practices are shared
as role models.

Publish a series of BIM guidelines to facilitate the process of implemen-

tation.

7.3.6 Technology

7.3.6.1 Software developers

BIM should increase its capacity to effectively integrate with environ-
mental analysis and improve interoperability.

Assess industry readiness and technology maturity to define inefficien-
cies and areas needing more attention.

Partner with BIM vendor professional associations, open standard or-
ganizations and academic research institutions.

7.3.6.2 Value-adding resellers

7.3.6.3 Technology advocates

7.3.7 Collaborative Actions

Establish a protocol for BIM adoption in Egypt. This would need the co-
operation of governmental bodies, private sector and academia to form
a complete vision of how to enhance the construction industry and reg-
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ulate green and efficient building practices in Egypt.
Include the experts from both GBRS and LCA into the development pro-
cess, so they can share their knowledge background and personal expe-

riences of how to improve the shift roadmap.



7.4 Executive Summary

Building Information Modeling, in many ways, has proved its wide ca-
pabilities to improve the predictability of building performance and operation. It
could, in a relatively short time, change the ways architecture, engineering, and
construction practices used to be performed by introducing innovative ways to
virtually design and manage projects.

Nevertheless, BIM on its own cannot be relied on to address the sustain-
ability side of things in terms of; reducing negative environmental impacts or in
maximizing the use of environmental-friendly resources and activities. In this
regard, some other proven-successful perspectives need to be incorporated to
effectively develop the Sustainable Building Design (SBD) process.

Therefore, an integrated framework (joining GBRS, LCA and BIM)
would eliminate much of the problems associated with traditional design ap-
proaches, help to improve building quality and performance, enhance team pro-
ductivity, save valuable resources like money, time and effort for all the involved
stakeholders.

However, the lack of an efficient connection between the three trends
and their practitioners, can hinder achieving the full potentials of such an inte-
gration.

Hence, to increase the methodology's effectiveness, AEC practices need
to function within a collaborative work flow within projects' teams and engage-
ment of all stakeholders, to achieve improved profitability, reduced costs, better
time management, and improved customer-client relationships all in addition to

the environmental paybacks and social benefits that lay behind.
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APPENDICES

Appendix A. BREEAM New Construction 2014 Category Weightings (1/3) (Karmany, 2016).
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Appendix B. BREEAM New Construction 2014 Category Weightings (2/3) (Karmany, 2016).
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Appendix C. BREEAM New Construction 2014 Category Weightings (3/3) (Karmany, 2016).
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Appendix D. LEED v4 for BD+C checklist (USBGC, 2019).
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Appendix E. Example of the DGNB system Evaluation Matrix Ver.2009 (Miranda, 2013).
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Appendix F. GPRS, Example for New construction scorecard (1/2) (Karmany, 2016).
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Appendix G. GPRS, Example for New construction scorecard (2/2) (Karmany, 2016).
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Appendix H. TARSHEED Categories' Credits. (Karmany, 2016).
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Appendix 1. Survey (1), For GBRS experts (Author, 2019).
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If not using BIM, how do the involved team members exchange project information?

Have you ever considered the life-Cycle Assessment within the sustainable design of a project? How
beneficial was it? Did the project get certified? If yes, please specify the rating level.

Can you refer any other GBRS experts who would be willing to participate in the survey?

Your cooperation is highly appreciated.



Appendix J. Survey (2), For LCA professionals (Author, 2019).
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Viur cooperaiion is highl' apprsciated.
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Appendix K. Survey (3), For BIM practitioners(Author, 2019).
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Have you ever worked on a project integrating BIM with sustainable design measures or seeking for
Green Building certification? Was it certified? Please specify the top benefits of BIM implementation in
green building design.

Have you ever heard of Life-Cycle Assessment? Is LCA approach considered when using BIM in projects
design in Egypt?

Can you refer any other BIM experts who would be willing to participate in the survey?

Your cooperation is highly appreciated. |



Appendix L. Sustainable architectural design criteria by category to consider in Framework -

Phase (2) (1/4) (Moreno, et al., 2017).
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Appendix M. Sustainable architectural design criteria by category to consider in Framework -
Phase (2) for the architectural scale (2/4) (Moreno, et al., 2017).
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Appendix N. Sustainable architectural design criteria by category to consider in Framework -
Phase (2) (3/4) (Moreno, et al., 2017).
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Appendix O. Sustainable architectural design criteria by category to consider in Framework -
Phase (2) for the architectural scale (4/4) (Moreno, et al., 2017).
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Appendix P. Mapping of Environment Impacts assessed by LCA methods (AlL, et al., 2014).
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Appendix Q. Structured Interview, For Model preliminary validation (Author, 2019).
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Structured nterview (4): Date:
Validation of Conceptual Framework integrating GBRS, LCA and BIM for
Efficient AEC activities
Participant’s Name:
Title:
Current position:
Disecipline: Highest level of academie achi 1tz

The Organization you are currently working for:

The conceptual framework illustrated hereafter was developed by accumulating a set of integrated
frameworks (collected from literature review and case studies) joining GBRS with LCA, LCA with BIM,
GBRS with GBRS and all GBRS, LCA and BIM together. The main purposes are to enhance the

adoption of the three methods in the Egyptian AEC activities and to use the benefits of each method to
overcome the shortcomings of the others.

Please review the attached ‘Conceptual Framework’ which is intended for integrating GBRS, LCA and BIM for
Efficient AEC activities, and answer the following questions;

(031 Please provide your feedback.
Q2  How feasible do you think the framework is?

Q3  How effective can it be regarding the enhaneement of adopting Sustainability and Efficient Buildings
measures to the Egyptian AEC measures?

Q4  What are the pros and cons of the proposed model?
Q5  How could it be developed?
Q6  Any other comments?

Your eooperation is highly appreciated.



