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Abstract— The main goal of this research is to progress approach to apply sustainable requirements to design criteria and construction 
phase of schools using an Agile model based on reference guide Leadership in Energy and Environmental Design version 4 for Building 
Design and Construction (LEEDVR4R BD+C) requirements. The Agile model delivers the sequence for phases, steps and activities necessary 
to take a systems approach for the project. The Agile model depends on applying the most fundamental requirements, at first to attain the 
minimum sustainability requirements, then releases and delivers it, then starts a new iteration cycle of Agile to add another items and 
develops the existing design and construction by getting a feedback from school users. The proposed a model consists of seven iterations 
to achieve the (LEEDVR4R BD+C) certification in the design and construction of schools to be sustainable the name of model is Agile Model 
and Integrated Sustainable Design and Construction of Schools (ASDCS). 
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1 INTRODUCTION                                                   
onstruction industry impacts the environment not only 
out of its produce, but also during the implementation. 
Buildings deplete almost about 45-50% of energy and 50% 

of water resources [1]. Applying sustainability in the construc-
tion becomes very wide during the last decade, especially in 
developed countries. Schools are considered one of the most 
important construction, where the education plays an impor-
tant role in the development of society. Applying sustainabili-
ty in the design and construction of schools achieve many 
benefits like decreasing undesirable environmental effects, 
conservation of natural resources and enable teaching staff 
and students to achieve better results, this kind of schools 
have a sustainable infrastructure and buildings, according to 
(LEEDVR4R BD+C) requirements. This research presents an ap-
proach for the application of sustainable design and construc-
tion of schools using the Agile model, to reduce and contri-
bute to the environmental effects to the construction industry. 
Agile model is not restricted to a special industry, process or 
application, the models are used as a road map with flexibility 
for changing internal and external variables [2]. Implementa-
tion Agile model in the construction project can give a share in 
the sustainability and to the decrease of the construction in-
dustry’s impacts on the environment through its outputs and 
its process. Application of Agile model for sustainable design 
and construction of schools gives several advantages to a 
project team. Employing a model provides the decision mak-
ers with a common model that sequences the steps required to 
finish the project, this method, ensures that needed actions are 
accomplished with an understanding of the succession [3]. 
Agile model is prescriptive in nature in providing a systematic 
approach with guidelines to establish the uses that can be ap-
plied by an organization at different locations and by persons 
of variable skill levels [4]. Energy efficiency and environmen-
tal criterion are needed to apply the process model system 
traceability and optimum over the sustainable design and con-

struction process. Systems engineering process models have 
demonstrated effectiveness for applying an integrated and 
overall view of process models which allow for clear decision 
maker participation, requirements definition, life cycle analy-
sis, effectiveness and investigation [3]. Tomek studied the ef-
fect of the construction industry by applying building infor-
mation modeling (BIM) and Agile project management, where 
the focus was on economic incentives of their implementation 
for bringing in the additional benefits. Both tools lead to de-
velop integration general model to output and process the site 
management stage of a construction project [5]. Nowotarski 
and Paslawski presented an approach to improve quality dur-
ing the implementation of IT process based on the manage-
ment of the projects by agile management [6]. Gonzalez pro-
poses a theoretical model to improve agile project manage-
ment to create and manage the development of intellectual 
property. The study findings revealed indication on intellec-
tual stuff projects relating agile project management, such as 
computer software and training tools and other intangibles. 
The theory for the developed model is according to hypothes-
es condensed from the previous studies, such as environments 
knowledge, improvement networks, and Agile approaches. 
The research also presents a new correction for the operative 
application of a developed Agile project management method, 
cheering an imaginative and methodical methodology for ap-
plying the Agile model to manage projects [7]. 

2 SUSTAINABLE CONSTRUCTION REQUIREMENTS FOR 
SCHOOLS 

The U.S. Green Building Council defined the term “sustaina-
ble schools” is the ability of schools to availability of healthy 
environment contributory to learning as well as saving energy, 
cash and resources [8]. Among all public buildings, on account 
of their educational purpose, schools have a major social re-
sponsibility. Therefore, energy performance in these types of 
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buildings has a great importance. Educational facilities are a 
vital field to implement the sustainability practices and energy 
efficiency programs. The environmental air quality is an essen-
tial part that should be considered through the design and 
construction stages [9]. Design and construction of schools to 
sustainable approach gives many benefits to occupants, where 
including according to (LEEDV4 BD+C) reference guide for 
green building design and construction of main six goals: Lo-
cation and Transportation (LT) 15%, Sustainable Sites (SS) 
12%, Water Efficiency (WE) 12%, Energy and Atmosphere 
(EA) 31%, Materials and Resources (MR) 13%, and Indoor En-
vironmental Quality (IEQ) 16% as shown in (Fig. 1) [10]. 
 
 

 
 
 
 
 
 
 

 
 
 

Location and Transportation (LT) rewards thoughtful deci-
sions about building location, with credits that encourage 
built-in improvement, connection with amenities and options 
of alternative transportation as parks and restaurants [10]. 

Sustainable sites (SS) is a category highlights on rewards de-
cisions about the environment surrounding the building, with 
credits that make sure the active relationships between build-
ings, and ecosystem services. It's highlight on the project site 
elements, merging the site with local and regional ecosystems, 
and preserving the biodiversity that natural systems rely on 
[10]. 

Water Efficiency (WE) is a category addresses water compre-
hensively, looking at indoor use, outdoor use, specialized 
uses, and metering. It is according to an “efficiency first” ap-
proach to water conservation [10].  

Energy and Atmosphere (EA) is a category approaches energy 
from a complete viewpoint, focusing on reducing energy use, 
energy saving design approaches, and renewable energy 
sources. Efficiency of energy in sustainable building beginning 
with a highlight on design that decrease total energy require-
ments, for example building orientation and glazing selection 
[10]. 

Materials and Resources (MR) is a category highlights on re-
ducing the embodied energy and other effects related to the 
extraction, managing, transport, maintenance, and dealing 
with demolished building materials. The requirements are 
designed to support a life-cycle attitude to develop the per-
formance and promotes resource effectiveness [10]. 

Indoor Environmental Quality (IEQ) is a category that high-
lights about indoor air goodness and thermal, visual, and 
acoustic comfort. Sustainable buildings with a better indoor 
environmental quality keep the health and relief of building 
user. First-class indoor environments also improve efficiency, 
absence reduction, develop the building’s value, and decrease 
responsibility for building designers and owners [10]. 

3 (LEEDV4 BD+C) CERTIFICATION 
The (LEEDV4 BD+C) certification system is the most preferred 
green building certification system in the world, and has been 
progressing in the United States set by Green Building Council 
[11-12]. The (LEEDV4 BD+C) certification system heavily re-
lies on United States codes, standards and regulations, which 
limit its applicability and success in other countries [11-13]. 
(LEEDV4 BD+C) certification for sustainable construction re-
quirements for sustainable buildings are awarded to four le-
vels as shown in (Fig. 2).  
 

 

 

 

The significant construction processes that earn credits, and 
ultimately produce a sustainable project, include storm water 
management, construction waste management, material pro-
curement, and indoor air quality [14]. (Fig. 3 and 4) shows the 
(LEEDV4 BD+C) for Building Design and Construction check-
list and credits required for schools. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

 
Fig. 1. (LEEDV4 BD+C) System Goals for schools [10]. 

 
Fig. 2. Certification of (LEEDV4 BD+C) [10].  

 
Fig. 3. Checklist for Schools Design and Construction as per 

(LEEDV4 BD+C) Standards for (LT), (SS) and (WE) [10]. 

IJSER

http://www.ijser.org/


International Journal of Scientific & Engineering Research, Volume 8, Issue 4, April-2017                                                                                        390 
ISSN 2229-5518 

IJSER © 2017 
http://www.ijser.org  

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 

4 EVENT LIST FOR EACH GOAL OF SUSTAINABLE 
DESIGN AND CONSTRUCTION 

An event list for sustainable design and construction of sustain-
able buildings was aggregated as the sustainable building 
schema based on integration of best practices across construc-
tion industry. This research uses the events for tasks that are 
mapped to the Agile model. The sustainable design and con-
struction outlined in this research and mapped to the Agile 
model are: first vision, (LEEDV4 BD+C) criteria, sustainable 
design criteria, schematic design, integrated design, sustainabil-
ity modeling, design development, tender documents, construc-
tion, submission, and finally acceptance / rejection. 

First vision ties the requirements and sustainable strategy into 
a direction for the facility. The public can be included as par-
ticipants, as appropriate. This early planning meeting is criti-
cal to setting the stage for attaining the sustainable strategy 
[15].   

(LEEDV4 BD+C) criteria is the common sustainable building 
certification standard within the United States. The (LEEDV4 
BD+C) was developed by the US High performance building 
Council. The certification standards give a checklist and possi-
ble points scale to determine the certification levels for sus-
tainable design and construction of schools [10].  

Sustainable Design Criteria are the requirements that high-
light on increasing energy efficiency for the educational build-
ing and integrate the renewable energy sources. In addition to 
a several other requirements for the sustainable design for 
which performance criteria might need to be established to 
include, indoor air quality, structural and architectural ele-

ments, material usage, waste management, manufacturing 
applications, etc. Design criteria are confirmed to achieve the 
targeted level of sustainable education building certification. 

Schematic Design is the theoretical design which is applied to 
drawings and documentations that can be modeled and calcu-
late costs as necessary. The schematic design has confined de-
tail, still must add adequate data for analysis of alternatives, 
user acceptance, systems integration and regulatory approvals 
are required. Design decisions from the theoretical design to 
the schematic and detailed design have an impact on the envi-
ronmental, energy usage and overall performance of the sus-
tainable building [16]. 

Integrated Design shall start in the planning phase and con-
tinues during all building life cycle stages for each item work 
and for all parts of building.   

Sustainability modeling the computer based programs are 
used to analyze the sustainability requirements of the planned 
building and its components. For the greatest effect sustaina-
bility modeling should begin early in the design process 
where it can influence the design and then be advanced as the 
design matures. 

Design Development is the detailed design drawings, specifi-
cations and documents are prepared to include all disciplines 
(architectural, structural elements, electrical, mechanical, and 
fire protection) based on sustainable requirements of educa-
tional building. 

Tender Documents includes the drawings, specifications and 
documents with the addition of the contract administration 
procedure, contract terms and bidding research. This is the set 
of information that is used for bidding and proposal purposes. 

Construction of sustainable building to include site work and 
location. Additional sustainable aspects of construction in-
clude waste management, emissions and material transporta-
tion [17].  

Submission is the final stage wherein the project team has 
finished the sustainable educational building included with 
documentation, testing, measurement, verification and valida-
tion. This stage is to deliver the project to the decision maker. 

Acceptance / Rejection the decision maker will check all speci-
fications, drawings, and all presented data then review it with 
(LEEDV4 BD+C) requirements of school's design and con-
struction, if this data approved it will be accepted, if not it will 
be rejected with notes or fully rejected, and then starts a new 
cycle of design. 

5 AGILE MODEL 
Agile word is one of the trendy concepts of this century. The 
Agile model is a key component to get the organization advan-
tage and interest brought by agility and overcome the mutual 

 
Fig. 4. Checklist for Schools Design and Construction as per 

(LEEDV4 BD+C) Standards for (EA), (MR) and (IEQ) [10]. 
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Issues found on the adoption process [18, 19]. Agile develop-
ment monotonous are marked by observable features, such as 
the time or duration of their occurrence, the number and func-
tions of their participants, or the outcomes they output. They 
are distinguishable not only versus non-routinized activities, 
but also versus other monotonous. These features are most 
popular in so-called Agile development method, which display 
an increased focus on flexibility [20]. Agile projects propose and 
give one or more iterations and get the feedback  ,then deliver 
the complete product at the end of the final iteration. (Fig. 5) 
Shows Agile model iteration life cycle [21].  
 
 

 

 

 

 
 
 
 
 
 
 
 
Phases of iteration life cycle of Agile model include ADDIE 
stags as the flowing: 

Analysis stage it is the first stage which the planner identifies 
the issue, the objectives, the user needs, existing knowledge, 
and any other related characteristics.   

Design stage gives ideal method design and systematic im-
provement of the project. Design stage include goals, content, 
instruments evaluations, subject analysis, and project plan-
ning. Design process makes the project and cover planning, 
implement and give the evaluation for the final product [22]. 

Development stage is where the planners make and collect 
the content assets that were created in the previous design 
stage. Planners work to improve and integrate technologies. 
Testers implement correcting procedures. The product is 
checked and revised according to the received feedback. 

Implement stage gives more methods than simply submitting 
the materials developed. Whereas the notion and checked ma-
terials throughout the process, the implementation stage dis-
plays topics that need further development or re-analysis and 
design. The processes for this stage vary due to the project 
size, the complication of the project, and the allocation of the 
materials. 

Evaluation Stage is continuous through the design stage. Its 
goal is to ensure that all goals of the process will achieve the 

specific needs. Another objective of this phase is to identify the 
performance work after finishing the cycle, and ensure that 
the project requirements has been achieved.  

Agile methodology divides each project in plan to several 
items, the development team will set the basic and important 
features of this items that are needed in the project and decide 
which of these features can be developed in the first iteration, 
remaining features that cannot be carried out in the first itera-
tion will be taken up in the next iteration or next iterations. 
According to the priority as shown in (Fig. 6). This methodol-
ogy allows the user to interrelate and work with the model at 
the end of each iteration and provides a feedback. 

 

 

 

  

 

 
 
 
 
 

This methodology gives users to take up changes more easily 
and make path corrections if needed. Traditional methodology 
considered each act task does its act and hands over to the 
next act task. The previous act tasks have to sign off before it is 
handed during the coming act task notarized that the act is full 
and complete in all aspects. For example, requirement collect-
ing is completed and delivered to design stage and it is the-
reafter delivered to improvement and later to testing and re-
work. Each act task is a stage by itself. In Agile method of 
working, each trait is finished in terms of design, develop-
ment, code, testing and rework, before the trait is called done. 
There aren't isolated stage and all the work is done in one 
stage only. Agile model has a lot of benefits and defects that 
can summarized in the flowing pontes [21]. 

• Agile Advantages: 

 The Agile life cycle of the delivery to a project is conti-
nuous. 

 The user delivered updated project after every iteration. 
 Users can have a look of the working feature which 

achieved their anticipations. 
 The users' feedback then taken into consideration in the 

next iteration. 
 The requirements change is received even in later stag-

es of the development.  

 
Fig. 5. Agile Model Iteration Life Cycle [21]. 

  
Fig. 6. Agile Model [21]. 
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6 AGILE MODEL AND INTEGRATED SUSTAINABLE 
DESIGN AND CONSTRUCTION OF SCHOOLS 
(ASDCS) 

The Agile model applied with the mapping for the design 
and construction of sustainable schools (ASDCS) are shown in 
(Fig. 7), the mapping shows Iteration (1) life cycle of the mod-
el. Which the Agile model does well for use with non-complex 
facilities as well as for use by teams with limited experience, 
newly formed teams and junior engineers. Extensive docu-
mentation is completed with the end of each iteration of the 
Agile model. After the requirements are set to include the sus-
tainable strategy with performance criteria to design and con-
struction of sustainable schools, the next phase occurs for the 
integration of the systems with the iteration life cycle that lead 
to be delivered to the decision make. The first iteration with 
minimum requirements for applying sustainable design and 
construction of schools. The second iteration updates the first 
iteration based on decision maker feedback and add a new 
feature to improve the sustainability certification of the 
schools. The third iteration is similar to the second iteration till 
the building achieves the highest certification of sustainability. 
The number of iterations depends primarily on the decision-
maker requirements and his finance resources provided to 
achieve the highest certification of sustainability requirements 
of design and construction of schools. 

 
 
 
 
 

 

 
 
 
 
 
 
 

 
 
 
 
 
The Later iterations for applying the sustainable design and 
construction to schools using Agile model (ASDCS) is indi-
cated with a clear format in (Table 1), which indicates the 
(LEEDV4 BD+C) requirements and its credits required for 
schools to each goal, the number of Agile iterations applied 
and delivered to decision maker one by one. The credits items 
number for each goal is indicated in (Fig. 3 and 4). The total 
points give certify based on (LEEDV4 BD+C) certification as 
shown in (Fig. 2), this certify devolved after each iteration of 
Agile model. 

 

7 CONCLUSION 
The current changing nature of sustainable design and con-
struction criteria is an ideal candidate for applying proven 
Agile models. This research development of a life cycle to high 
performance building of school's event list and schema pro-

vides a framework that can be used to enhance and further 
performance of a project team and ultimately the designed 
and constructed facility. The research provides a tool for ap-
plying the Agile model to design and construction proses of 
schools to make it applied in a simple model format (ASDCS) 
to apply in the developing countries due to the lack of finan-
cial resources and shortage of skilled labors for this type of 
constructions. The criteria presented in this research based on 
(LEEDV4 BD+C) requirements for school's design and con-
struction. Agile applied the sustainable schools through sever-
al iterations as it indicated in the research. 
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