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\Vanagement Summary

This summary will provide a brief overview of the research design and
the motivation for this research project. Together with the description
of the results the conclusions are formulated, folowed by the re-
search recommendations.

Motivation and problem analysis

The construction styles all over the world have fascinated me. Having lived twelve years
of my life in third world countries has taught me that these people live in housing that we
(in western countries) would not want to live in. The interesting aspect is that these
countries still construct their homes in a manner which is uninfluenced by the industrial
revolution. During my recent vacation to Kenya, | noticed that most homes there were
built from clay bricks reinforced by wood. What is striking about this is that the building
materials come from the nearby environment so that there is barely any need for
transportation. The construction of these houses has almost no impact on the
environment; there is no transportation and industry needed to produce materials.
Together with the fact that the materials can be reabsorbed by the earth shows us that
this is a very sustainable manner of constructing. One could argue that before the
industrial revolution people constructed houses in exactly the same manner. This poses
various questions to why we construct in the manner we do now.

With currently a large number of phases in the construction process and a diverse
investigation of previous graduates of the sustainability of these phases and researchers,
we can conclude that there is still a lot to be investigated and researched on how we can
construct in a sustainable manner while keeping the quality of living we currently have.
There are problems in the construction phase with the realization of the ambitions for

sustainable products. It can be said that sustainability is of importance. People are using
it as marketing tool or as an ideology, but achievement of true sustainability is not yet
taking place. Sustainability is older than various people think. Since the publications of
the club of Rome and Brundtland we know it is of importance. Many tools for helping to
achieve sustainability have not yet provided the result necessary because they only
assess the final product and do not help achieve the process. The achievement of
sustainability lies within the process of construction and will need to be researched.

Thereby the construction process is a well known process but not yet visualized in the
form of a flow model to assess how sustainability can fit into this process. The
sustainability know mainly focuses on the assessment of the products delivered from this
process: buildings. The construction industry, on the contrary, has not yet expressed the
need to visualize this process (Koskela, 2000). There are various methods that explain
how to deal with the construction process, however, only in project management
perspectives (G. M. Winch, 2011).

The impact of the construction activities is a portion of the total impact we as humans
have on the environment. This total impact on the environment is incorporated in the term
sustainable development. Construction can be of great importance to contribute to the
overall sustainable development. The corporate social responsibility is becoming
increasingly important in the industry and for a start for sustainable construction. This is
not enough. Sustainability is often lost in a project environment where money and time
play a more prominent role. This means that sustainable construction which does not
cost more than the traditional construction will have the future. This is due to the fact that
it is not depending on other factors which involve value creation and that EMVI criteria,
which value sustainability, still incorporate extra costs. We have been talking about
sustainable construction since the club of rome and are still not doing so. We are not
achieving sustainable construction. We know what needs to be done but cannot achieve
this. The sustainable construction process is often not defined clearly and is dependent
on the commercial incentives.

Goals and results
The goal of this research is to find out what sustainable construction is and why we are
not constructing our buildings in a sustainable manner. This will provide insights on what



strengths and weaknesses the current construction process incorporates together with
the external threats and opportunities it reacts upon. The next step is defining a
sustainable construction process that possesses the strength to overcome threats and
utilize the potential of opportunities provided by external factors. An example is that the
defined sustainable construction is always the best option and not dependable on
external factors like EMVI criteria that virtually reduces the tendered costs in order to be
awarded a project.

The result of this research will be a method or tool which contractors can use to analyze
their main current process of construction in order achieve sustainable construction. This
model, together with a manual, will be a result of this research, allowing actors to
optimize their processes towards sustainable construction and knowing the obstacles of
the current construction process.

Research questions & Methodology

The problem analysis has lead to the following main research question: ‘How can a
sustainable construction process be defined and how can the sustainable construction
process be achieved?’ This question contains various sub-research questions which
consists of different parts, namely:

1. Defining a relationship between elements in a sustainable construction process
2. Assessing obstacles sustainable construction
3. Achieving sustainable construction

The research goal is to define sustainable construction and conduct research on how to
achieve this goal. The goal of an engineer (Dym & Little, 2004), who wants to design a
solution for a problem and the solution is defining sustainable construction, in this case
the problem is that sustainable construction is not defined.

For the first part, the first step will be to take a look at the full pallet of elements in the
construction industry and technology. The next step is to design a system that visualizes
the relations between elements of construction and the sustainable construction. This
design will be tested in practice by interviewing particle experts in the field of construction
to see whether the theoretical model is applicable in practice. In order to test the design’s
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applicability in the real world process model will be tested by taking a certain element of
the construction process and testing if it is applicable in the real world through case study
analysis. This will provide the current and desirable situation in the research design below.

The second part will look at the answers provided by the experts on what they believe are
the strengths and weaknesses of the current construction process and what threats and
opportunities influence this process in order to assess what obstacles (weaknesses
influencing threats or weaknesses preventing opportunities) are there for achieving
sustainable construction.

Ambition
How to achieve?

Desirable Situation
Sustainable construction

Current Situation
Current way of construction

Figure 0 - 1: Research design

The research design shown above, has been used to structure the research done in this
report. It is often used in the change management theory of Cameron & Green (2012).
The first step in this theory is to define the current and future situation and then to assess
how to achieve this. The same has been done in this research, but complimentary to this
an analysis tool will be provided to work towards the desirable situation because
achievement takes time. In the meantime, optimizing the process with a tool will help in in
providing the solution that is sought in this research.

Through use of literature studies combined with expert interviews and case study
analysis, the answers must be obtained. The defining of the current and future situation
will be done through process design and conduction of literature studies. The
assessment on obstacles on achieving sustainable construction will be done through
expert interviews. The last part of optimizing towards sustainable construction will make

use of a case study analysis to go in-depth on the subject.



The construction process

The construction process as we know it has existed for a large period of time. There is a
rich history on the construction process that dates back to the large structures built
before Christ, like the pyramids. The construction process has evolved from the building
of huts with wood, stone and clay, towards the housing you are in while reading this
report. History shows us that since the industrial revolution the processing needed to
make materials and transport al over the world, impacted the world with the carbon
emissions and pollutions from factories and power plants. The energy and oil demand
increased tremendously. This shows us that the process stayed the same and is about
the assembly of materials on-site.

There are also various definitions of the construction process. Various books often
describe the manner of working during this process or relate their definition towards the
end product (often a building). The definition of Sarkar & Saraswati (2008) was the one
that really looked at the process:

“Construction technology is the application of applied sciences in order to
enhance productivity and quality of its products, The nature of the construction
activities (performed by labor) involves, the place where construction work is
to be carried out and the time available for construction work are the four
factors that determine the effective construction process”

(Sarkar & Saraswati, 2008)

This formed the basis for the design for the construction process flow model. By
designing the model based on the literature read during the literature study, the design
came to being. This means that it changed a lot and also needed styling in order to be
communicated. Together with the expert interviews and other conversations in the field of
construction management, the following became the result of this work. The figure on the
right shows the construction process in a manner that is representable for the 2013
construction process with all the supplier industries and aspects related to the process.
The model is built up from five main layers. These will be discussed briefly and
substantiated by some literature in order to make the design of the model insightful:
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. The first layer in the model is the arrow in the middle. This represents the main

construction activities with the different phases of construction. This takes place
on-site indicating the aspect of place. The time taken is visible in the sequential
order of the activities.

. The second aspect is the actors (labor) that are involved in the process. These actors

are often in relation to one another and the form of this relation is dependent on the
contracting form. In this example the design and construct contracting form is
illustrated.

. The third aspect is the resources that are needed to construct. During construction

the labor force assembles the materials in the form of the design. These materials
have come from being mined from the earth towards a material useful in current
construction. This raw materials is transformed to the material in different phases of
manufacturing and processing.

. The fourth section is the process input that helps the labor force in assembly and also

involve the transportation aspect. The energy and water usage during the material
and construction process is also included for the whole process, including supply
chain.

. The last aspect is the product of construction and the wastage of materials, energy,

carbon emissions and pollution, summarized as process output.

DEMCLITION
-H,*l,w-v 1o

Figure 0 - 2: Construction process



The sustainable construction process

The design of the sustainable construction process is derived from a specific scope on
sustainability. For this research the philosophy of Cradle-2-cradle and industrial ecology
are used as basis for this thinking. The basis of these philosophies is that they look at the
processes in a cycle nature. Together with a clear definition defined by the expert
interviews this definition will also form the basis for the design of the sustainable
construction process:

‘Sustainable construction is construction that does not impact the environment
(planet) and people, while making a profit’

This research will focus on the planet aspect of sustainable construction and will define
this in the model. Profitability and people will be looked at if this is essential in the
achievement of sustainable construction. Together with several tools and other methods
this will be made practical in the model. The basis of thinking in a circular economy is the
Ladder of Lansink (1979). This forms the basis for the three main steps that need to be
taken in the ladder in order to achieve sustainable construction; recycling, reuse and
reduce. The last steps of the ladder are not part of sustainable construction because
materials are lost forever and in the Cradle-2-cradle philosophy waste equals food.

1. Recycling is currently already being done; the financial incentive is there because
recycled materials are in some cases more profitable than new materials. The
products of the recycling process are secondary raw materials that in time should
replace new materials quarried, thereby keeping the materials once used (as input) in
a construction process. Urban mining involves the mining of vacant buildings that
possess various secondary raw materials that will replace the new mined primary
materials.

2. The step or reuse can occur in different levels, at the level of systems, sub-systems,
elements and components. The last is also referred to as down cycling (recycling)
because it degrades a system to a component and then upgrades it to a system
again, thereby needing more energy while carbon emission is taking place. The next
level is to reuse elements like floors, parts of a facade or a sub-system of the whole
facade. The reuse of energy in this diagram has been visualized by the using the

buildings and viewing them as small energy plants that have a over supply of energy,
thereby solving the energy shortages (Rifkin, 2011).

3. Reduction involves all actors in the supply chain to reduce the demand for process
inputs and to reduce the output impact they have on the environment. The
construction industry itself can then reduce the materials needed and thereby reduce
the impact of the project. The impact on the world will also be reduced because less
materials means less assembly, manufacturing and mining. This is the most effective
way of reducing impacts but the fact that there is a limit to reduction because a
building needs to be made up of materials in order to perform a function. Therefore
the lean methodology, focussing on reducing the wastage in processes, can prove to
work effectively in the process model by stating that all actors need to look at their
process and reduce wastage. This methodology impacts the process in an effective
manner that should also make it more efficient and cost-worthy.

These steps have been visualized in the colors of the ladder of Lansink steps. This model
also shows the cyclic nature and that it is self-sustaining. The definition and
methodologies are all represented in the model.

FACADE INSTALLATIONS FINISHING

FOUNDATIONS &

SITE A
DEMOLITION s B e STRUCTURE

BUILDING
RENOVATION

Figure 0 - 3: Sustainable construction process



Results interviews

The goal of the interviews is to assess the obstacles for achieving sustainable
construction. Interviewing twelve experts in the field of construction and sustainability
does this. The experts are asked about the positive and negative aspects of the current
construction process (referred to as a system in the following text). Together with the
question on what the obstacles are for achieving sustainable construction.

The experts that have been selected represent the main actors in the construction
process model: construction managers, site managers, project developers, supplier
industries, academics and government specialists. The reason no architects was involved
was due to the fact that this actor is mainly focused on the product and not enough on
the realization process.

Underlying, the answers mentioned by multiple experts, are the strengths and
weaknesses of the in current construction process (system). Together with the threats
and opportunities (as external factor) influencing the system, also mentioned in the
answers, will provide the basis for the SWOT analysis at the end. Important to note is that
strengths and weaknesses refer to the system, in this case, the construction process.
The opportunities and threats are aspects that influence the system but can only be
controlled by the strengths and weaknesses of the system.

The answers must have been mentioned by a minimum of three experts from different
perspectives in order to be useable for this analysis.

The result is that the answers are put forward in a diagram like the one below. This will
allow to assess whether the internal factors (strengths & weaknesses) interact with the

external factors (opportunities & threats). the following example is used to explain this:

Do the strengths influence the
opportunities?

Do the opportunities have a relation to the
weaknesses of the system?

Do the strengths to minimize the
impact of threats

Do the weaknesses influence the threats? I

Figure 0 - 4: Sustainable construction process
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The following was said in the interviews with the experts (quotes): “We sort up to 94% of
our waste”, “Waste separation is improving”, by Thomas Heye and Jeroen Troost and
“Waste separation creates awareness”, by Jan van der Hoeven. These quotations are
clustered into the code waste separation, which is a strength of the current system.

“We are sorting waste because the processors charge less for unsorted waste” and
“Energy has a return on investment that is attractive for a investor” mentioned by Hans
Korbee and Jan van der Hoeven. These quotes indicate a weakness of the system:
sustainability is dependent on profitability.

“Changing legislation means we have to change all the time” and “Legislation on energy
is changing all the time” mentioned by Hans Korbee and Jan van der Hoeven. Together
with other quotes these can be clustered in the code: changing legislation threat on the
system. An external matter for the system and one that has a negative influence: threat

When a strength interacts with an opportunity you have a win-win situation, however the
interaction between a threat and a weakness provides an obstacle that will need to be
dealt with in order to overcome this problem (obstacle). Filtering the answers with the
SWOT and sorting them into a diagram (based on figure 0-4) in the categories allowed for
the assessment of interactions between strengths & weakness and threats &
opportunities. In this manner the following four main findings have been provided by the
expert interviews:

1. The current linear way of thinking opposed to the cyclical (desirable) way
of thinking.

2. The profit that is needed for sustainable construction (reduced impact on
planet), which not all initiatives currently have.

3. The commitment needed during the process.

4. Using labels as unjustifiable definition for sustainable construction.

This analysis method will help in achieving sustainable construction and thereby
overcoming the main obstacles mentioned. Finding sustainable construction as defined in
the sustainable construction model as the economical best option.



Implementing sustainable construction

The achievement of sustainable construction in total is far more complex than this
graduation research. In the quest for achieving sustainable construction and assessing
the obstacles has, however, provided insights on how to actually achieve the desirable
situation. The following step can be visualized in figure 0-5, showing that the obstacles
has been looked at and that achievement is about a step-by-step plan.

Ambition
Obstacles
Current Situation Desirable Situation
Current way of construction STEP-P?Y-STEP -’ Sustainable construction
an

Figure 0 - 5: Placement in research design

Investigating the whole impact of a system (all parts of the building during the process)
would be non realistic because of the complexity of the construction process. The first
step is to choose an element of interest (scoping). This element can involve a specific
process (dry heating) or material (aluminum facades) or method of working (Smart
Building Logistics). The fact that all elements mentioned can be analyzed, shows the
exclusiveness and possibilities of the model and step-by-step plan. For the analysis the
aluminum facade is used as example, insights in this mapping will be used to develop the
step-by-step plan.

The model used in figure 0-2 is useful to scope the elements processes and
transportation routes. It is far to abstract to properly investigate the different sub-
processes that take place within the processes. Therefore a new model is developed that
allows for the visualization of these sub-processes and places them in the context of the
main (abstract) processes, by showing the symbols in the background of the new model
figure 0-5. This directly shows the cyclic nature of the process, with two streams that lead
towards a building (on the right). The reason that the building has been visualized outside
the circle is because of the scope definition of a process, therefor excluding the product
that is a result of this process.
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Figure 0 - 6: Aluminum facade in detailed model

You then assess the impact on the environment for the individual sub-processes. The
figure above can then visualize the processes that need to be looked at and assess in
which manner it has an impact on the environment (energy, carbon emission, materials
wastage or pollution). Pie charts can visualize the difference of the impact on the
environment per process. This is the third part of the step-by-step plan. This is done by
gathering all data provided by all the actors in the supply chain and will involve a high
level of transparency in the supply chain. For this research the report by the European
Aluminum Association (EAA) was used. This is done because this step involves a long
process of data collection. The organization like the aluminum institute can help in

providing the necessary data needed.

The model incorporates processes that have an impact on the profitability (profit) and the
environment (planet). The sustainable construction process involves the three steps of the
ladder of Lansink: recycle, reuse and recycle. These are then designed in the following
diagrams; together they form the sustainable construction process (desirable situation).
These must be designed using the two abstract models, this is the forth step.



Materiaal 15,1%
Energie 9,8%
co2 9,3%
Vervuiling --

Materiaal 49,8%
Energie 39,8%
co2 46,0%
Vervuiling --

Figure 0 - 7: Recycle

Materiaal 7%
Energie 7%
co2 7%
Vervuiling -

Figure 0 - 9: Reduce

These scenarios form the bases for the fifth step in the plan to discuss them with all the
actors in the supply chain, in this case in the form of an expert meeting with all the actors
in the supply chain. The scenarios are designed based on the sustainable construction
process. Thereby, different processes have a reduced impact every time and the
optimization can take place during the design of the scenarios.

The sixth step is the assembly of the whole supply chain in order to solve economical and
technical feasibility of the scenarios made above. This is part of supply chain integration
and the transparency of the actors involved is crucial for the total feasibility of the plan.

The last part is analyzing the meeting and making conclusions on how to achieve
sustainable construction and make agreements on the steps that need to be taken in
order to achieve sustainable construction and make a profit. The step-by-step plan is not
a linear process but a circular process that evolves every time it is used. Furthermore, the
steps do not have to be sequential, you can go from step six to step five in order to
change the scenarios. This step-by-step plan is made in the spirit of sustainable
construction and cradle-2-cradle.
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Conclusions

The research done is based on the following main research question: ‘How can a
sustainable construction process be defined and how can the sustainable construction
process be achieved?’ This research has provided us with the answer to the question
and thereby the different parts of this question; defining sustainable construction,
assessing obstacles and achieving sustainable construction. These are discussed
separately before the main conclusion can be made.

This research started with the history and the relationship between the industrialization
and the sustainability movement. Together with the manner in which a sustainable
construction process is initiated, different from other industries like production and
manufacturing. In this research, a sustainable construction process is defined based on
the analysis of a current construction process, which was defined first. This involved
defining different elements and their relationship to one another in a process flow
diagram. The definition used in this research is: “Construction technology is the
application of applied sciences in order to enhance productivity and quality of its
products, the nature of the construction activities (performed by labor) involved, the
place where construction work is to be carried out and the time available for
construction work. These are the four factors that determine the effective construction
process”. This definition lead to the flow diagram in figure 0-1. The understanding of the
mechanisms and elements in this process helped designing the process.

The term ‘sustainable construction’ was defined using the definition provided by the
experts interviewed. This definition is based on the well-known definitions of Elkington
and Brundtland: ‘Sustainable construction is construction that does not impact the
environment (planet) and people, while making a profit’. This definition does not provide
the insight needed for a new flow diagram, which is why the tool of Lansink (the ladder)
was used to structure the process diagram incrementally. The basis of the whole diagram
and definition can be found in the cradle-2-cradle philosophy and industrial ecology.
These philosophies are based on a cyclic nature of elements related together, like in
natural processes. The sustainable construction process model (figure 0-2) is the
translation of the definition provided by the expert, tools and philosophies into one model.



The first part of the main research question was answered by defining what sustainable
construction encompasses. This definition proved to be a definition for the construction
process and not for the product; the building that is a result of the process. The second
part of the research focused on the achievement of sustainable construction. This
achievement included the assessment of the obstacles and the implementation of a step-
by-step plan.

The obstacles for achieving the desirable situation have been provided by assessing the
answers by the experts with the SWOT analysis. This put forwards four main obstacles.
The first obstacle is that the current (linear) way of thinking is so different in comparison
with the desirable (cyclical) way of thinking that it would make achieving sustainable
construction hard. This means that a new mindset and a new manner of thinking is
needed. The second obstacle is that profit is needed for sustainable construction
(reduced impact on planet). Various examples, like the waste separation initiatives, are all
successful due to the economical incentive found in each of the initiatives. The
achievement of sustainable construction involves a step-by-step plan where the current
situation changes into the desirable situation. For this plan, the commitment of
management of employees is needed during the process of change. Commitment is
needed because the proof for profitability is not there. If the profit aspect is proven,
commitment would most likely become superfluous. The last obstacle is that labels are
used as an unjustifiable definition for sustainable construction. The definition provided in
this research is far more broad and flexible, which makes room for new interpretations
and possibilities.

The implementation, using the step-by-step plan, provides insights on how to achieve
sustainable construction, how to deal with this change, and on how to help overcome the
aforementioned obstacles. The steps mentioned form the basis for the change that is
needed to achieve the desirable situation. These steps involve a lot of methods that are
known, however, they are put together in such a manner that particle situations can be
solved. The steps form the basis of the knowledge retrieved during the entire research. To
achieve sustainable construction the main obstacles must be dealt with, by using the
designed step-by-step plan and solving the technical and financial feasibility within the
supply chain together.
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Recommendations

This research has put forward a definition of a sustainable construction process and a
tool to help achieve this process. However, conducting this research has also brought to
light, the imperfections, as well as limitations of the scope of the research. These aspects
are discussed below, together with recommendations for new research.

First off, my recommendation would be to relate the defined sustainable construction
process to the product produced by this process. Various experts have mentioned that
scenarios - like the reduce scenario - within processes have a strong connection to the
design and the product made from the design. This means that optimizing the process
will affect the product and the other way around. Research into these effects could
compliment this research.

Secondly, the research scope did not involve the product and the result of the new
process on the product. This lack of involvement caused the question to arise what effect
the sustainable construction process has on the sustainability of the product. This
question is of interest because this would create a certain value for the new process. In
conclusion, new research into sustainable construction could involve the exploitation
phase and therefore the product.

The third element of recommendation is about the step-by-step tool developed in this
research. Time limitations in the graduation project have confided the ability to test all the
steps in this tool. The tool, includes a new expert meeting were the concrete plan of
approach is designed by the supply chain actors and translated to a plan of approach
and CPI’s. Therefore, this is a recommendation to the people wanting to use the tool; test

the last step first, in order to see the results it might deliver.

The achievement of sustainable construction deals with a series of obstacles, four of
which have been addressed in this report. One of these obstacles is commitment, the
obstacle that is not needed once people believe its added value (profitability). However,
convincing these people will involve determination. In the most ideal situation, it will
involve a pilot project which is used to prove the step-by-step plans value in practice. The
last recommendation would be to use the tool in practice in the form of a pilot, then

monitor the process and gather information to prove its worth to the rest of the world.



Reading Guids

1. Research design

In this chapter, the research design is discussed, which includes the motivation,
relevance, problem analysis, problem statement, research questions, goal of the
research, the intended goal and method.

2. The construction process

This chapter is about the evolution of the construction process, followed by a flow
diagram that visualizes the construction process in its current form. The design of this
flow diagram will be illustrated in this chapter together with the aspects of the process
impacting the environment. The reflection of twelve experts on the model are also

discussed and put forward.

3. Sustainable construction

This chapter formulates the sustainable construction through the different definitions
provided by the market. This will form the basis for the design of a sustainable
construction process, together with a full analysis of the sustainable construction process
including the decomposition of the model into parts.

4. Obstacles sustainable construction

This chapter explores the interview with the experts on the obstacles of achieving
sustainable construction in order to find out how to achieve sustainable construction. This
will involve a thorough analysis of the interview together with the analysis on the answers
in a SWOT, providing insights on aspects preventing sustainable construction to take
place.
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5. Implementing sustainable construction

This chapter will look at the sustainable construction model and go into depth on the
possibilities of the model. This will provide a new tool for analysis and furthermore a
method to optimize the model by running through an interesting element of research. The
goal is to find the strengths of the model that will help to achieve sustainable construction

by using the right chances and getting ride of some threats.

6. Conclusions & Recommendations

This chapter will first answer the main- and sub-questions. Then, based on the results of
this study some conclusions are drawn. Finally, recommendations are suggested for
practice and further research.
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01 research Design

This chapter describes the reasoning, motivation, relevance and
choice for the specific research topic. The relationship with related
and/or overlapping research, are substantiated with sources (litera-
ture, proceedings, own experiences and conversations). This will ex-
plicitly address the added value of this research. Together with a clear
problem analysis and statement the research questions are pre-
sented. These research questions will form the scope of this re-
search and answering them will be done in a transparent, retraceable
and critical manner.

1.1 Motivation

Living in third world countries for the first twelve years of my life has given me perspective
on the differences in housing situations within western countries and third world
countries. The differences in housing styles all over the world is partially due to the
manner in which buildings are constructed. During a recent vacation to Kenia, the
difference in construction processes were big in comparison to, the traditional
construction of homes in Kenia is done by using tressed wood with stones in-between,
covered by clay from the ground combined with water to form a sort brick. The materials
used for housing are from the direct environment. The difference with western
construction is enormous. Western building organizations get steel from china, concrete
from belgium, aluminum from Australia and brick from the Netherlands for a shelter. This
delivers a more luxurious living environment but with the transport differences alone, the
shelter in Kenia is constructed, with less CO2 emissions and resource depletions. The
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fascination for construction methods motivated
me to do the architecture program at Delft
University of Technology and study my masters
at the department for real estate and housing,
design and construction management.

ST - 5 >
Figure 1 - 1: Traditional construction in Kenya

This research will incorporate the subject of
‘sustainable construction’ and ‘process
innovation’, which lie in the domain of the
Design and Construction Management laboratory. Sustainability is an issue that has been
emphasized at this faculty and has brought something extra to the construction industry.
For instance, the GreenCalc Top ten shows buildings that are CO2 neutral or energy
neutral and some of these buildings even generate electricity. This indicates the
possibilities in the realization of sustainable buildings. However, it does not indicate
indicate how or in what way the product has been constructed and assembled. The
BREEAM label incorporates a part of the construction process but this is no more than
13% of the points available (Dutch Green Building Council, 2012). The construction
phase has been looked at in-depth only and not in respect to sustainability, while the
potential of this phase can be of great importance to the whole industry (DTIE, 2009), due
to its strategic position within the supply chain (in the middle).

The construction industry and its related materials, services, and supply feeder industries
are jointly considered to be both the world’s largest industrial employer and the largest
natural resources consumer (UNEP, 2006). Therefore, construction processes and
sustainability seem to be interconnected. Practice shows that the process of getting from
the design to the actual product in a sustainable matter can be problematic. For instance,
lighting at a construction site runs on diesel motors and not on the electrical grid. At night
they light up the construction sites with halogen lamps for safety issues (Van der Horst,
2012), something that is unthinkable now, due to the price for this and the sustainable
awareness. The construction sites use dry heating for certain processes, which uses
almost half of all the energy needed on site (Radermacher, 2012). Various processes in
construction involve of high energy usage and CO- production, these can be
incorporated in sustainable construction.



1.2 Problem analysis

The problem analysis will look at the problems with sustainability and specify this towards
the construction industry and construction process. Sustainability is part of the greater

movement called sustainable development

1.2.1 Sustainable development

The need for sustainable development has been shown in the various reports of the
United Nations Environmental Program (UNEP, 2003). The UNEP have published different
figures that indicate that the construction industry is a key player in the waste generation
over the world. Also, the use of hazardous substances and excessive concentration of
harmful substances in the air, water and soil contribute towards impact on the
environment. This pollution has a negative impact on the health of people and the
biodiversity of animals and plants. The carbon emissions, like CO2 and other harmful
gasses (indicated as CO2 equivalents) in the air, also contribute to the first main aspect of
sustainability: global warming. The second major aspect is resource depletion. Nowadays
we realize that the resources used are limited which means we have to overcome the
resource scarcity by substitution reuse and recycling in order to contribute to the next
generation of problems which are associated with global environmental problems. This
realization provides an enormous challenge and is encapsulated in the term sustainable
development (Redclift & Voodgate, 2010).

Environmental impact construction industry

The construction industry has a large share in the current environmental issues and is
therefore a focus sector sustainable development (UNEP, 2006). The built environment is
also responsible for almost 40% (world wide) of the total waste production of the industry

Energy usage

CO2 Emissions

Wood harvesting

Fresh Water consumption

0 10 20 30 40

Figure 1 - 2: Share building environment on resource usage and pollution (UNEP, 2006)
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(DTIE, 2009). Figure 1-2 illustrates the impact of the built environment and its share in the
four different waste sectors. Taken into account that these are general figures for the
whole built environment, the transformation of raw materials used in the construction
industry generally have high energy demands in the production process.

Books on the construction technologies indicate that construction and its products
(buildings) use 40% of all energy (with 8% used in construction). This has an enormous
impact on the global environment (Riley & Cotgrave, 2009). The world is facing two major
problems at this moment; global warming (causes the climate change) and mineral
depletion (this has reached a point where many of the world's resources are simply

running out).

Dutch Initiatives

In order to address these environmental problems, goals are set within the European
Union. These goals are also known as the 20-20-20 goals to minimize the emissions of
greenhouse gasses in the EU by 20% the use of sustainable energy by 20% and reduce
the energy use by 20% (European Union, 2012) compared to 1990 levels. The Dutch
government has made initiatives to reduce the greenhouse gasses and use more
renewable energy sources. Their main goal is to become totally reliant on sustainable
energy sources before 2050 (Senternovem, 2008). Not only are renewable energy
resources of importance, the buildings must become more sustainable and the way these
buildings are constructed must become more sustainable as well. Currently. the Dutch
government. together with ‘Bouwend Nederland’, NEPROM, NVB and the ministry of
VROM, has constructed a new energy savings agreement written in the Spring
Agreements. This is an initiative that will ensure that the country is built up of high energy
efficiency, where the climate, fossil fuels and environment will be spared. The goal is that
housing initiatives in 2011 will save 25% and in 2015 will save 50% in comparison to
2007 measurements (Nederland, 2011).

In the Netherlands, the construction sector contributes largely to the environmental
problems; mainly in the activities of maintenance, demolition and construction of buildings
(Milieuloket, 2011). The problems occurring during the construction of a building are first
of all the Volatile Organic Compounds (VOC) that contributes to smog. Secondly, during
the construction phase a lot of energy is used that contributes to the CO2 emissions and



greenhouse gasses, by using power from non-sustainable resources. Thirdly, water is
used to clean dirty building materials, which results in dirty water that runs into the
ground (pollution). Last but not least is waste production. In 2008, sixty-three million
tonnes of waste was produced, and the construction industry contributed twenty-five
million tonnes (Agentschap, 2012).

Problems with sustainable development

Even with the goals set at this time by the government, there is a lack of sustainable
development all over the world. One of the reasons according to people in this industry is
the circle of blame; a vicious circle where all actors in the construction industry blame
each other for creating unfavorable circumstances for the realization of sustainable
buildings. This led to a low number of sustainable building realizations in recent years
(Hulshoff, 2009).

Leaders within the construction industry have made initiatives to break this vicious circle.
They each have their own specific position and have taken responsibility and started
working towards the realization of sustainable buildings (Agentschap NL, 2010). The
construction sector is becoming increasingly aware of their responsibilities in this area.
Thus, the so-called circle of blame is more frequently broken, and this results in
construction buildings like the ‘The Hague College’ in Delft. This is an example of a
breakthrough of the vicious circle of blame, but not a solution to the problem. There are
only a handful of people that are able to realize a sustainable buildings in a sustainable
manner and this is also due to missing ambitions, technical knowhow or financial
possibilities. A good example is the current integrated contracts also called PPS projects.

Sustainable ambition brings along a certain extra load on the participating actors and this
will create friction when executing the project (Dansen, 2009). It is important that all
people in the organization of the real estate development process are willing to put in the
extra effort for the realization of sustainable projects; commitment is needed. There is
also a need for an independent party to assess the sustainability in products and
processes. There are various methods that assess sustainability and there are a lot of
people that have wanted to assess the real sustainability. However, this definition is still
not clear. This is illustrated by looking at the different assessment methods. These
methods can be compared as was done in the research of Jerry Niemann (2012).
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1.2.2  Assessing sustainability

Since 1989, many methods have been conducted on how to determine sustainability and
how this assessment can be made insightful and transparent. There is not one clear
method to build or design sustainable buildings and construction processes. The lack of
uniformity in which sustainability is assessed, is illustrated in the number of different
instruments for assessing sustainable quality.

DHV is a leading international consultancy and engineering firm known for its world-class
expertise and leadership in innovation and sustainability. They conducted research into a
large amount of different assessment methods for sustainability that had existed till 2008.
The research searched for a certain measure of sustainability for sustainable buildings:
when can a building be called sustainable? The study included 50 different sustainability
tools/methods from the tool palette of Senternovem. From these instruments, there are
six methods to a greater or lesser extent, which have found their way into the building
practice. In this research, it is presumed that when a building meets one of these six
methods, it can be called sustainable. These methods are:

1. The Energy Performance Coefficient (EPC). This is an index that indicates the energy
efficiency of buildings, and is determined by calculations defined by the NPR 2916
(commercial buildings) and NPR 5128 (housing). The EPC calculation is obliged to be
submitted during the planning application. Since 2011, It is expected that from 2015
the standard is set at 0.4 (Bouwkennis, 2012).

2. The GreenCalc + method looks at the
impact of buildings on the environment and
expresses this in a building environmental

index (MIG). This is the sustainability of a
Figure 1 - 3: GreenCalc Logo
(Stichting Sureac, 2010)

building, which is independently measured
from the behavior of its users. The focus is
on the materials in the design and
construction.

3. GPR building is an instrument that evaluates buildings in five themes and assigns
grades to these themes. A building that meets a 6 score out of the 10-state for the



maximum possible sustainability of a
building, is labelled as a building that
complies with the building regulations in the
Netherlands.

4. Cradle-2-cradle is "more a philosophy than i
Figure 1 - 4: GPR Gebouw (Stichting Sureac,

a labeling method” and calls for 'good' 2010)

action rather than 'less bad" action regarding
sustainability. According to this philosophy, waste is considered as food for new
products. This idea of sustainability is difficult to measure and can not be expressed

in a number.

5. BREEAM label came shortly after the
investigation of DHV, in 2008. Since, the

Nl

Figure 1 - 5: BREEAM Logo (DGBC, 2012)

large growth during the past five years this
one is worth mentioning. The BREEAM
in the

Netherlands as a tool that evaluates the sustainability of a building on the basis of

methodology was introduced

nine themes. Buildings can score points in these nine themes, which ultimately leads
to the granting of a particular label. On the topics of energy, materials and the other
nine themas, points are awarded (Dutch Green Building Council, 2012). The labels
can vary from pass, good, very good, excellent and outstanding depending on how
many points are awarded in the assessment. The highest label possible, outstanding,
has rarely been achieved.

6. LEED is a similar method to BREEAM. Where BREEAM originated in Great Britain and
BREEAM NL mainly focuses on Dutch buildings, LEED has its origins in United States
of America and is applicable to buildings all over the world (USBGC, 2012)

This variety of assessment methods shows that sustainable buildings can score
differently in one assessment method compared to another while still be named
sustainable, Therefore, it is important to define the assessment method beforehand, in
order to define what sustainable buildings signify for the client. The labels also assess
differently in different manners and incorporate different phases of the process.
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1.2.3 Different phases in construction process to assess

The assessment methods mainly refer to the product produced and its sustainability. The
piece of real estate (product) passes through various phases in its lifetime. There are
several pieces of research on the various phases of the real estate development process
and the sustainability in these different phases. Research done at the faculty of Real
Estate and Housing by Lameris, (2007), Dansen (2009), Van der Woerdt (2010), Rietdijk
(2010) on the constraints of realization of sustainable buildings are discussed in the
following phases.

Initiation

The first phase of a project is the initiation phase. It is during this phase that the project
goal is established and the initiative is made to develop a building. During this phase, a
project manager is assigned, who works with the main project stakeholders (these are
the people with a vested interest in the project, and often hinders who make it happen),
to fully determine what the demand is and how to measure the success of the project
once all work is completed. The project scope will include project goals, budget, timelines
and any other variables that can be used for success measurement once you reach the
final phase (Ausgabe, 2004). Research has shown, that a clear vision on sustainability
formed by the client, can become hard to steer in future processes (Rogaar, 2011). Clear
formulation is the foundation towards a sustainable project (Manfron & Mallgrave, 2009).

Definition

In the definition phase, clients are aware of the formulated sustainability ambition, in order
to have control during the process. Research has shown that clients do not have the
expertise to formulate sustainable goals and lifespans accurately and control the process.
They are often reliant on their advisors (Navabifard, 2011). Saskia de Nie (2011) has
developed a manual for client advisors that can be followed, in order to controle the
ambition of the client and therefore steer on a better result.

Design

The design process is a search for the optimal design solution with an iterative phase
tracking (Doorn, 2004). A first problem that presents itself, lies in the fact that the
available information is usually inversely proportional to the information during the design



process, while the influence of judgments in particular in the early stages, is the greatest.
The design phase itself can be divided into as many phases steps as necessary in order
to resolve all design problems and to integrate the concepts into a functional plan. It is
generally recommended that at least two stages are used. These are: preliminary design,
and final design. The end products of the design phase are written reports, architectural
and engineering drawings, construction costs, projected operational costs, and
schedules of construction. From the principle of the project, the design is considered to
be a straightforward process with a sequential phase follow-up (Mehta, Scarborough, &
Diane, 2009a).

Research has proven that the form of corporation can form problems in realizing the
sustainable ambitions (Rietdijk, 2010). Rietdijk also describes that it is important to
incorporate the right actors that have expertise in the sustainability sector. The design
phase is closely interconnected with the construction phase of a project (Wamelink,
2009). It is the design that provides the form in which the materials will be assembled in
the construction phase. Therefore, sustainability, with respect to the construction phase,
is influenced by the design phase (Graham M. Winch, 2010).

Preparation

This phase involves the specifications and cost estimations that are made. It includes
signing the budget, purchasing budget and the work preparation, which includes the site
preparation, engineering and translation of design into documents a contractor needs to
start building (Wamelink, 2009). Research by Dansen (2009) shows that in the
specifications and ambitions, people find out what the costs for sustainability are. He also
implies that the higher costs for sustainable solutions are often lost due to financial
incentives (Dansen, 2009). This is contradicted by publications that mention that
sustainable initiatives do not have to cost more than other solutions (Doorn, 2012). The
extra expenses for sustainability is an area that is in need of extensive research.

Construction

Higgin & Jessop (1965) have made a connection between to the process and product of
construction and building. “looking at the building process, we can distinguish three main
functions. Two are obvious: design and construction; the third is coordination”. This third
function is the construction phase, also referred to as the assembly of materials in the

23

form of the design (Carpenter, 2001a). Even if the previous phase has been followed
successfully, this is no guarantee for success in the construction phase. The sustainable
ambitions can disappear during the construction phase due to incorrect implementation
by the contractor (Dansen, 2009). A good example of this is the Town Hall of Leiderdorp.
Heat storage does not work because of the wrong time of implementation of the
installations. In order to optimally use the heat storage, the engineering and work
preparation must be done in a manner that heat storage facility can be used during the
construction, this could even solve problems with dry heating in construction (Burgstede
2012). Sustainability is often used as a marketing tool for an organization, public imaging
though the corporate social responsibly (CSR) is becoming increasingly important. This
often does not include the actual sustainability but looks at the green imaging or
marketing goals. The research in this area (SASBE and CIB proceedings) only looks at
the realization of sustainable goals in the construction phase and rarely incorporates any
research on the sustainability in the construction process.

Demolition

Demoalition is of growing importance due to the increase in redevelopments of areas
opposed to traditional development (where everything is demolished and the area
developed). Demolition processes are seen as reversed processes compared to
construction. The demolition industry is motivated by a budget for activities and not to
reuse unless budget is there for reuse. A recent personal encounter with demolition was
at the old faculty of architecture at Delft.

1.24 Reaction by the market

The market is able to use these tools and labels for their products and for parts of their
processes. However, they have also done something extra. The reaction of the market on
the environmental problems is making a contribution to the environment by implementing
a tool: Corporate Social Responsibility (CSR). Social Responsible Netherlands explains
that a company takes responsibility for the effects of their activities, products and
services on men and environment. The company makes conscious choices in order to
reach a balance between People, Planet and Profit. This will be the standard for
contractors in the 215t century, and it contains three starting points. The first point is that
CSR will be integrated in the vision of construction companies, where a company creates



value in an economical, ecological and social way. The second aspect of CSR is that with
every decision the balance is made between different stakeholder interests. The third
aspect is that CSP is a process improvement and not an end goal. The goals can change
over time with every decision made.

Contractors like BAM, Heijmans, Dura Vermeer, Ballast Nedam and different smaller
contractors contribute to this process by making CSR policies. Yearly, a sustainability
report is published. This includes aspects like the use of FSC certified wood and whether
they use sustainability as a selling argument along with various other aspects. Research
from ‘Bouwkennis’ shows that 78% of the material suppliers use sustainability as selling
argument towards the client. 70% of the advise/construction management offices and
developers use sustainability as argument while 55% of the construction companies do
SO.

Klaas van den Berg, head of sustainability at PricewaterhouseCoopers (PwC), concludes
that mainly the construction and supply industry are too little concerned with the
consequences of the impending scarcity of raw materials (Mullink, 2011). However,
contractors such as BAM, Heijmans and Dura Vermeer indicate in their sustainability
report 2011 that they have the ambition to reduce CO» emissions, to reduce waste and
to apply sustainable materials. A study by Friends of the Earth shows that sustainable
wood with the FSC label is not always used in construction projects of the government.
Of the researched cases, 70% does not use sustainable materials, while it is included in
the specifications (Kuit, 2011). Some examples include the Royal Palace, the National
Museum, the new office of DUO and the tax authorities in Groningen. Construction
companies like BAM state that it is difficult for suppliers to generate information on the
volume of non-FSC certified wood products. This complicates the measurement of the
proportion of FSC-certified wood for suppliers (BAM, 2011).

BAM indicates that rising up to the objectives in practice is difficult (BAM, 2011). This is
confirmed by Heijmans, indicating that construction companies are facing a number of
dilemmas as well. Construction companies explain that their own activities of providing
sustainable solutions is not enough, they depend on sub-contractors who are hired. This
is why sustainable purchasing can prove to be a valuable contribution to sustainable
construction (Heijmans, 2011).
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1.2.5  Findings

With a large number of construction process phases and a diverse investigation of
previous graduates into the sustainability we can conclude that the construction phase is
in need of research. There are problems in the construction phase with the realization of
the ambitions for sustainable products. It can be said that sustainability is of importance:
people are using it as marketing tool or as ideology. Achievement of true sustainability is
not yet taking place. Sustainability is older than various people think. Since, the
publications of the club of Rome and Brundtland we know it is of importance. The
achievement of sustainable development proves to be a problem that can often not be
explained. Many tools for helping to achieve sustainability have not yet provided the result
necessary because they only assess the final product and not the process. The
achievement of sustainability lies within the process of construction and will need to be
looked at.

The construction process is a well known process, but, not yet visualized in the form of a
flow model in order to assess how sustainability can fit into this process. The current
sustainability research now many focusses on the assessment of the products delivered
from this process: buildings. There are various pieces of research that explain the
process, but all miss essential parts in the explanation towards sustainability. The
construction industry, however, has not yet expressed the need to visualize this process
(Koskela, 2000). There are various methods that explain how to deal with the
construction process only in project management perspectives (G. M. Winch, 2011). This
gives a indication on how to deal with the process. A model that explains the flows in the
construction will allow for a better flow analysis to see where the construction sector can

increase efficiency and help elaborate on the subject of sustainability.

1.3 Problem statement

The impact of the construction activities seemingly plays a small role in sustainable
development of the sustainable development but, can be of great importance in a
contribution to the overall sustainable development. The aspects mentioned above state
that the construction sector needs to improve with respect to sustainability and in a
manner that can impact the industry in an important way. The corporate social



responsibility is becoming increasingly important in the industry and a start for sustainable
construction. This contribution is, however, not enough. Sustainability is often lost in a
project environment where money and time play a more prominent role. This means that
sustainable construction that does not cost more than the traditional construction will
have the future because it is not depending on other external factors. The achievement of
sustainability lies within the process of construction of the products and the sustainability
of this process itself. People have been talking about sustainable construction since the
club of rome and are still not doing so. We are not achieving sustainable construction we
know what needs to be done but cannot achieve. The sustainable construction process
is often not defined clearly and dependent on the commercial incentives. This is in need
of a visualization that can help in the achievement of the desirable situation.

1.4 Research questions

The problem statement above has lead to the following main research question together
with the more specific sub-questions:

How can a sustainable construction process be defined and how can
the sustainable construction process be achieved?

The following research questions are drawn together in order to give an answer to the
main question. These consist of three parts:

1. Defining a relationship between elements in a sustainable construction process
2. Assessing obstacles sustainable construction
3. Achieving sustainable construction

Part 1
e What are the elements of the construction process, and how are these elements

related?
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e What are the elements of a sustainable construction process, and how are these
elements related?

e What, in practice, is meant by sustainable construction and how can this be visualized
in the theoretical sustainable construction model?

Part 2
¢ What are the strengths and weaknesses of the current construction process (system)

that interact with the external threats and opportunities for the system?
e What are the obstacles for the construction industry to move towards sustainable
construction and what are the causes of these obstacles?

Part 3
e How can you implement the construction process model as a tool, in order to achieve

sustainable construction?
¢ What are the elements of the analysis tool and how are these elements related?
¢ What does this insight on implementing the analysis tool provide that is useful in
answering the main research question?
e How can we achieve sustainable construction?

1.5 Research Goal

The goal of this research is to find out what sustainable construction is, why we are not
constructing our buildings in a sustainable manner and to provide insights on what
strengths and weaknesses the current construction process incorporates together with
the external threats and opportunities it reacts upon. The research aims to define a
sustainable construction process that possess the strengths to overcome threats which
utilizes the potential of opportunities provided by external factors.

The result of this research will be a method/tool that contractors can use to analyze their
main current process of construction in order to move towards sustainable construction
(achieve). This model together with a manual, will be a result of this research which allows
actors to optimize their processes towards sustainable construction, knowing the
obstacles of the current construction process.



1.6 Relevance

In various pieces of literature, the word ‘sustainable construction’ (C. F. Hendriks, 2001) is
used as a word for the product of construction (the building) and less for the process.
When examing the process of construction, one can see that various pieces of literature
describe this, but only few relate this to sustainability. There is a need to define
‘sustainable construction’ as a process and a need to improve the sustainability in the
construction activities. There have been some improvements in the construction industry
with respect to waste management and other scattered initiatives. This is, however,
symptom treatment and not a treatment for the diagnosed illness. Currently, the ISO
14001 norm is being implemented at different construction companies, this norm helps
contractors with the environmental management of waste products (materials, COo,
energy and pollution). This norm mainly focusses on the output part of the process and is
not linked to the input of the process. Further scientific and social relevance for a
research are discussed below.

Scientific relevance

This research combines different scientific areas of process innovation, construction
management, construction technology, sustainability and industrial ecology into an area
focused on ‘sustainable construction’. Various pieces of research and books like that
those of Sarkar & Sarawati (2008), George Ofori (2012), Riley & Cotgrave (2009) and
Madan Mehta (2009b) illustrate how construction as a process functions and how it can
be managed. This is illustrated in a descriptive manner of a transformation process with
input, process and output, while other pieces of research indicate that it should be
approached in a flow approach, as is described in the books of Koskela (2000). He states
that a rapid glance at the content of textbooks on construction management shows the
descriptive account of a construction project and Koskela then proceed to specific
techniques of management and control. No major conceptual or theoretical in-depth
analysis of construction is provided by outset.

The construction process has been looked at with respect to sustainability but in a
scattered and non-integrated way. There are various reasons for this. One is that
construction is fragmented and therefore dependent on different sub-contractors and
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also different industries. Supply chain integration research looks at this problem and
states this as a problem for sustainability (Vrijhoef, 2010). Secondly, limited attention is
given to the on-site construction impacts due to its perceived relative lower significance
of construction impacts compared to the lifecycle impacts associated with building
design and management (Gangolelis, 2009). Although environmental issues associated
with the current construction and demolition processes are included in environmental
assessment methods, their coverage is neither consistent nor comprehensive. Most
construction impacts are assessed by the presence or absence of environmental
protocols (Cole, 2000). On the contrary, Riley & Cotgrave (2009) describe that the impact
of the construction industry in the climate change and resource depletion is enormous
and that initiatives need to be taken.

The fact that the sustainability in construction processes is occasionally assessed is
motivated by the latest proceedings of SASBE (2009) and CIB (2011). These indicate that
sustainability is still an important subject, but not with respect to the construction
process. The CIB proceedings incorporate the latest research on sustainability within the
building sector and reveal that there is a lot of research on sustainable buildings and its
relation with design and sustainability (CIB, 2011).

Social relevance

The construction sector accounts for around 10 % of Gross Domestic Product in Europe,
with some three million enterprises operating across the sector. The sector also provides
around 7.6 % of the total number of jobs across Europe, employing approximately 14.8
million people (CEN, 2011). Any impact on this economy is of great social relevance.

The construction industry is a large natural resources consumer. More than 50% of the
raw materials extracted from the earth are transformed into construction materials and
products (Environmental Protection Agency U.S., 2004). Building activities account for as
much as 40% of all energy used; 12-16% of the fresh water consumption, 25% of the
wood harvested and 30% of the green house emissions (Mocozoma, 2002). The
transformation/conversion of these materials in the construction sector does not seem to
be efficient, dealing with high energy consumption and waste production. The waste that
is produced by the industry in the Netherlands alone is 26% (Bossink & Brouwers, 1996).
Dealing with these problems is incorporated in corporate social responsibility.



The Corporate Social Responsibility (CSR) is becoming increasingly important for various
industries (incl. construction). Due to an increasing interest in society and responsible
behavior, many companies nowadays are concerned about values such as integrity and
develop ethical codes to foster responsible behavior of their employees. They feel that
they must meet the ‘Triple P’ (People, Planet, Prosperity) bottom line (Elkington, 1994),
expressing the expectations of stakeholders with respect to the company’s contribution
to people, planet and profit in order to get a license to operate. Firms who do not meet
these expectations may see their reputation go down with a negative impact on market
shares and profitability (Mclntosh, Leipziger, Jones, & Coleman, 1998). People come to
expect corporations to take a social role, in which they develop a social identity that is as
important for their branding identity (Pot, 2012).

Various reports of construction companies state that they monitor the waste production
and the CO2 production of their activities. BAM states for instance that they recognize
sustainability and the value it creates for their business; it improves the efficiency of their
operations, it helps them to develop client and supply chain relationships, to attract and
retain talent, to drive innovation and to build their reputation in their sector and beyond
(BAM, 2011). Constructions are into lean management and have their own vision on
sustainability and the opportunities to improve. This indicates that there is a social
necessity for research in the field of construction linked to sustainability in order to
improve the aspects of the sustainable construction. It also indicates that there are still a
lot of thresholds that need to be dealt with. This research will contribute to the market
demand of CSR and sustainability in the construction sector by providing a sustainable
construction process.

1.7 Research design

There are numerous solutions for the problem statement made in the previous section
and there are different manners in how to define the solution. This research is in need of a
research framework to take an approach in solving the problem statement. There are
various philosophies and different approaches in these philosophies on the question of
how to solve sustainability in construction. The change management theory can been
used to structure this research (Cameron & Green, 2012).
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The diagram illustrates that in order to define sustainable construction you must need to
know what the current state of construction is. This will be referred to as traditional
construction. From this point one is able to formulate the desirable situation, in this case
sustainable construction. However, this is not enough for the research, in order to make it
worthwhile , the question of how to achieve the desirable situation must be investigated.
This is directly related to the 3 parts of this research. In addition to this conceptual
framework, the last part will look at an analysis model that will help to optimize the
sustainable construction process towards the desirable situation.

Ambition
How to achieve?

Desirable Situation
Sustainable construction

Current Situation
Current way of construction

Figure 1 - 6: Research design

This theory is often used when making radical changes in an organization or at a personal
level. However, this model will not be used at an organization level, but at an industry
wide level, in order to incorporate change within the industry. The goal is to create and
optimize a new sustainable construction process as opposed to the current construction
process, while it also investigates obstacles on achieving the future (desirable) situation.
In order to make a successful change, the theory states that answering the following
questions are essential:

1. The actual change necessity is essential for successful change in an organization
(Cameron & Green, 2012). This question is applicable for this research too. The
relevance and problem statement indicate the necessity to change with global
warming and resource depletion as main problems.

2. The willingness to change. The construction industry is seen as a traditional industry

(also named as current situation), this is absolutely not the case. The fact that the



construction industry is able to produce the Burj Khalifa with a length of 810 meters,
implies that the construction industry is very innovative. She might be conservative,
and holding to traditional attitudes and values and might be cautious about change or
innovation. The increasing importance of sustainable development through
government and clients shows that the industry must be willing to change in order to
survive. This is shown by the fact that construction companies have been publishing
sustainably reports since 2008 which indicates the willingness.

3. The change capability of the construction industry and the questions on whether this
industry is able to change and how this change will need to take place. This is closely
related to the ambition illustrated in the figure on the previous page, and the question
on how to achieve the desired situation.

Research methods

In this section, a description will be given on the applicable research methods and
phases and they are coupled with the research questions in section 1.5. To display the
research design in an arranged manner, the research steps relative to one another are
positioned and visualized in a following figure. This scheme is a single and clear
visualization on how the structure of the research is put together, which steps are parallel

Open Interviews
with construction
professionals and personel | _

Expert Interviews
Obstacles for achieving
_ _S_u_stjalnable construction

vt [

Data Data !

f =0 bPeoesoeoosseoeonpcoeaoeo:m oo J
Systainable construction 4—/

Case study analysis
Analyzing & Optimizing
SustAalnabIe construction model
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Data

T

Literature study |
(books, articles, research, etc)

Figure 1 - 7: Data collection model
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and sequential, and to what extent the output from one stage or activity contributes
towards the research.

In order to preform the research in a correct manner different research methods will be
used. The study will consist of three research areas:

1. An exploratory and in-depth literature study on the concepts, construction
technology, construction process, process theory, sustainable development and
sustainable construction. This will then be combined in the sustainable construction
process model by using a method called system theory.

2. In addition or complimentary to the findings in the literature, a series of interviews will
be held in order to verify the results. This will consist of open expert interviews with a
selected number of construction professionals.

3. A specific element is selected, in a specific case. In order to optimize the sustainable
construction model within a case study analysis.

Literature study

A literature study attempts to gain as much information and knowledge through
publications, articles and existing literature on the subject and to ascertain what others
have done in a similar studies (Baarda, De Goede, & Teunissen, 2001). The literature is
applied to the first phase of the research. These results are the background information
on construction technology and processes, together with sustainability and process
design. In order to organize the information, into a design that is insightful for actors in the
construction industry and shows what sustainable construction incorporates and
implicates, the model is made. In this manner, this model will be used as a tool for
communication but also as a tool to make sustainable construction insightful for others.
In order to design a model for the sustainable construction, the system theory is used.

Expert interviews

The interviews provide a meaningful opportunity to study and to theorize about the social
world. Narrative accounts produced through in-depth interviews provide us with access
to realities. Specifically, interviews reveal evidence of the nature of the phenomena/theory
under investigation, including the contexts and situations in which it emerges, as well as



insights into the cultural frames people use to make sense of these experiences and their
social world (Emmison, 2011).

The first interviews will be used for two purposes in the research. The first purpose is to
find the obstacles for sustainability in construction activities, to define sustainable
construction and also to investigate obstacles and causes of the unsustainable
construction industry. The second goal of the interview is to reflect the theoretical model
to the social and practical world. The experts have insights from practice that could prove
valuable as addition to the theory.

The interviewees that have been selected are all part of the main actors in the
construction process model. The six types of experts that were interviewed are:
construction management, site management, developers, supplier industries, academics
and government. The reason that no architect was involved was due to the fact that this
type of actor is mainly focussed on the product and not enough on the process. The
following table shows the list of interviewees and their role in the construction process.
The list shows 12 experts that have been interviewed:

INTERVIEWEE FUNCTION PERSPECTIVE ABBREVIATION
Commercial director Contractor (Man-
Jeroen Troost BAM Utiliteitsbouw agement) CMi
Robert Koolen Strategmﬂmanage— Contractor (Man- CcM2
ment Heijmans BV agement)
Manager Sustainabil-
Thomas Heye ity Boele en van Contractor (Man- CM3
agement)
Eesteren
Main site manager Contractor (Site
Janvan der Hoeven | g Uilteitsbouw manager) SM1
Production director Contractor (Site
Ron van der Horst BAM Utiliteitsbouw- SM2
Utrecht manager)
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INTERVIEWEE FUNCTION PERSPECTIVE ABBREVIATION
Danny Burgstede Site manager BAM Contractor (Site SM3

Utiliteitsbouw manager)

Developer Volker-
Onno Dwars Wessels Vastgoed Developer D1
. Manager sustainabil-
Marit van Rheenen ity OVG Developer D2
Peter Fraanje Director NVTB Supplier Industries SI
Director NIBE / Pro- .
Michel Haas fessor Sustainable Material Expert / AC1
: Academic
materials

Hans Korbee Agentschap NL Government GO
Andy van den Dob- Professor climate Academic AC2
belsteen design

This diverse selection has been done to find similarities and differences between the
different experts but also to look at the similarities and differences between the same
types of experts. The abbreviations for the perspective have been mentioned in this table,
in order to identify the perspective in the answers. This will allow for some discussion in
the analysis and form a basis for the final conclusions.

Case Study

In order to answer the last part of the research questions, a case study will be used.
Therefore one case is chosen that incorporates one element of construction which will be
investigated. This case will be mapped in the current situation of construction and in a
desirable (sustainable) way of construction (sustainability). This element can be chosen at
will because it is meant to visualize the steps that need to be taken in order to achieve
optimized sustainable construction. The model is so abstract that any element chosen is
possible to investigates. By analyzing this specific element in this specific case insights on
how to analyze the construction process and steps to optimize the process towards a

sustainable construction process.



02 The construction Orocess

In order to define the sustainable construction process, the elements
of the current construction process wil need to be defined. This is
related to the first question on defining the elements of the construc-
tion process. These elements of a process have evolved over time
and problems in this process have been dealt with in different man-
ners. In order to understand the elements, the evolution and history of
this process will need to be understood and wil provide insight on
why the process has evolved into the way it is now. This process in-
volves various elements that have been found in the literature; these
elements are descrived and sorted into a process design. This de-
sign has been tested by experts and thelr insights on the process as
we know it wil provide the defined construction process used for the
further research. The goal In the next chapter will be to look towards
a sustainable construction process. The impact of the process on
the environment will be examined in order to design a solution in the
next chapters.

This will be done by an in-depth literature research in the construction process. A
description of the end results and aspects investigated will provide insights on the
process. Starting with the history, evolution and definition of construction and moving
towards the elements of construction, these processes will be discussed through the
various pieces of international literature used to answer the sub-research question: What
are the elements of the construction process, and how are these elements related?
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2.1 History

Specific steps made during history have influenced the industry greatly in order to
understand the problems that occurred over time, one needs to take these aspects into

consideration. In similar steps, sustainability and its history will also provide new insights.
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}
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T

Figure 2 -1 : Construction history. Images from retrieved from (Google, 2012)

Construction

Construction is as old as the pyramids in Egypt, the Colosseum in Rome and the
Edinburgh Castles. People have been building ever since realizing they could provide for
better shelter than caves. It still remains a mystery how some of these structures/
buildings were assembled and constructed in these early times. The buildings and
structures in over different times in history have a big relation to the worshipping of gods
or are connected to the afterlife. However, most construction during the whole history
deals with housing.

Before the 16" century, the building form and method was mainly dictated by the
availability of materials, the local climate and the cultural lifestyle of the people living in
that area. There are some main structures like castles and churches that have been built
by craftsmen for the church or wealthy people. Most people led a Nomadic lifestyle
where they moved around all the time. This is motivated by the search for food (Riley &
Cotgrave, 2009). Construction in this time was often done by making the materials on
site and also assembling them in the same location. It is not until after the 16™ century
that there was a great increase in the demand for a more static lifestyle. Agriculture
played an important role in these developments because food could be harvested and
the need for people to move became smaller. The construction of buildings was done in a
similar manner to the construction of castles and other structures; in a traditional labor-
intensive building craft manner. The building manner was not organized by construction



companies but by wealthy people, or families. It was at this time that bricks were made
off-site and transported on site, although often not more than a couple of kilometers
away. The prefabrication of stone and import of materials also took place through rich
families and only small portions of the materials were imported. The assembly of the
materials was done in hostile weather conditions with lots of rain and strong winds
(Sebestyen, 1998).

During the 18" and 19" century, master builders were responsible for the design and
construction of the major construction projects: they had all the necessary knowledge. In
the 19™ century, the role of the architect was to be an agent for the client and to be
responsible for the design of a project. Over time, the number of specialists grew
exponentially (Higgin & Jessop, 1965). It is in this time that not only construction became
a business. This was the cause of the disadvantages of high costs for labor and
materials. Together with uniformity of quality standards and acquiring skilled labor force,
the construction of buildings was made vulnerable to faults.

The transportation of materials also grew exponentially due to the possibilities of the
industrial revolution and shipping possibilities. The construction companies were
increasing in size and unable to handle the demand for housing in this period. This led to
the 1850-1900 revolutions and the transformation of traditional construction towards post
traditional construction. The introduction of Portland cement is an important aspect for
the CO2 impact of concrete on the environment, energy requirements for steal also also
have a drastic impact on the environment (due to coal and oil needed to heat the steal).
Advances in transportation mechanisms and technology made it possible to import
materials from further away and also allowed for exclusive materials to be used in foreign
countries. Transportation methods introduced the first logistics management aspect and
the need to coordinate (during) construction (G. M. Winch, 2011).

Furthermore, the transportation of materials on-site had an impulse due to the
development of a mechanical plant site with cranes and bulldozers that made five
craftsmen replaceable to one machine. This allowed the necessary production
improvement of construction. However, the large part of the construction, like masonry,
was still done by skilled craftsmen. On the other hand, the materials are largely being
prefabricated in industrialized buildings where the quality of the products has gone up
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through this development (Kibert, 2008). This allowed for better quality materials and less
impact on the environment. Since the Second World War, building construction changed
considerably from a technological and market demand point of view (Sebestyen, 1998).
The driving factor for this was the development of new materials, prefabrication and
equipment. Construction projects have become larger and time pressure more urgent.

From the 1950s onwards, rationalized building took place, meaning that organizational
and planning aspects used in the production and manufacturing industries are then
implemented in the construction industry. An important aspect of rationalized building is
that the production - assembly of materials - is ensured during all stages, not waiting for
materials and not wasting time. This has a close relation to logistics. The aim of this was
to ensure cost-effective construction, within time parameters, while maintaining quality.
This would imply that continuous, effective provision of all resources (labor, plant,

materials and information) is done by different measures.

An important component of rationalized building is the Modern Methods of Construction
(MMC), also referred to as modular building, industrialized building, system building etc.
This term is generally accepted and refers to construction methods that seek to introduce
benefits in terms of production efficiency, quality and sustainability. This MMC had to deal
with a number of important aspects, the first of which is the skill shortages in labor. These
shortages were solved by training labor and reducing the work that needed to be done
by the labor forces. Quality was also an issue in 1950-1960. There was a high demand
for quantity and not a real quality demand. The introduction of building regulations
allowed for some performance assessment but not in a substantial way. The sustainability
was not seen as important as quality at this time.

It is from 1980 till now that technology evolved into the idea that we can build anything.
Just take a look at Las Vegas, where in the desert a city flourishes, or the new Burj
Khalifa in Dubai (eight-hundred meters high). It is in this time that the quality assessment
of buildings has evolved in a manner that ISO 9000 has separate assessment methods
for quality. Furthermore, the safety of construction has improved drastically, where before
1980 lots of construction workers died due to activities, now there is zero tolerance when
it concerns safety. This is also included in the ISO standards. This process does,
however, provide a building but also additional impacts on the environment.



2.2 Evolution of management in construction process

There have been several different initiatives to improve construction efficiency and to
develop corresponding solutions for the industry’s problems. We recognize strategic
initiatives like industrialization, mechanization, contractual and organizational relations and
computer-integrated construction. There are three developments towards modernizing
construction and one corrections to mainstream construction (Koskela, 2000). The
development towards modernization includes the following concepts:

Scientific management

The studies on centralized and formal production control have been adopted widely with
the development of the critical path method and its related software. However, in
practice, the integration of ideas of formal and centralized control have been slow: “many
small and medium-sized contractors do not readily accept the notion that their
profitability can be substantially improved through better management of the
materials” (Thomas, Randolph, E., & Steve, 1989).

Industrialization

Under the influence of the widely reported success of mass production the idea of
industrialized construction caught the attention of the public and construction industry. It
was not until after the Second World War that industrialized construction received
attention in the form of attempts to implement industrial construction in the industrialized
building methods. Nowadays, the usage of pre-fabricated elements has increased
together with the pre-constructed materials. Japanese house producers have developed
an industrialization of construction (Gann, 1996), which can almost be seen as a
production line of houses. However, Japan is the only country that uses this method and
therefore can be an inspiration to others.

Mechanization

There have been developments in which machines like tower cranes and mobile concrete
mixers are used more widely since 1950. Computers also have automated certain tasks
in construction and supported information flows, although no real computer-integrated
construction has yet been created. The impact of technological initiatives has been
disappointingly modest according to some. The building information model (BIM) model is
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being assessed at this moment and can be seen as the first real leap in the development
of mechanization of the construction industry for a long time (Eastman, Teicholz, & Sacks,
2008).

Mainstream construction

This is a mixture of transformation concept principles and legacy of the crafts period. The
main reason for this is the separation of design and construction, procurement through
bidding and institutionalized roles and division of labor (Koskela, 2000). This is seen as
the fragmentation of construction as opposed to the master builder that knows
everything. Now more people with specific knowledge, of whom cooperation is a
necessity, are invo