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Introduction  

  

This paper presents an integrative systems engineering framework for pursuing and achieving 

sustainability, particularly in the engineering environment. The environment is the setting and 

condition, within which living things exist. Several concepts unite together for sustainability. The 

basic questions that should be asked in the pursuit of sustainability involve a multitude of factors 

and operational aspects. The aspects that are critical to sustainability are the most basic ones, and 

are often doable. These include the environment, natural resources, energy, air, water, and their 

proper uses. Complementarily, it is essential to have a basic understanding of physics, chemistry, 

biology, and geology and how they interrelate.  As humans, we must be economical so that none 

of these resources become depleted for the future generations. Some may ask, "Why should I 

protect my environment, and why should I care?"  The answer is simple, it is for the wellbeing of 

the world system, which eventually affects every one of us.  We must take a holistic view of 

sustainability (Badiru and Goltz, 2011). The view can be at the individual person level, the 

organizational level, the resource level, the work function level, the personal choices level, the 

production infrastructure level, and/or the personal satisfaction level. Without being sustainable, 

our environment will suffer from many abuses, such as pollution, not having enough renewable 

resources, especially the essential ones. The same aspects that are thought about in everyday life 

for our own wellbeing should be considered for our work environment as well.  Emissions are 

detrimental and must be reduced for us to be successful.  Some companies are mandated to only 

pollute a certain percentage into the environment. Because of the multi-faceted aspects of 

sustainability, it is only through a structured and integrative systems view that sustainability 

engineering can be achieved.  

  

  

Systems View of Sustainability as a Project  

There are many views and languages of sustainability (Badiru, 2010). Sustainability projects must 

be managed the same way that any conventional project is managed, from a systems perspective.  

Sustainability is a global system and we must have a systems view of the world. The existing tools 

and techniques of systems engineering and project management as presented by Badiru (2012) are 
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directly applicable to sustainability projects.  Sustainability requires communication, cooperation, 

and coordination as a foundation for commitment and project discipline.  Sustainability is achieved 

through management actions of humans.  Human behavioral change is a prerequisite for achieving 

sustainability within the global realm of operations so that we can create, achieve, and enjoy a 

better environmental future.  Abraham Lincoln’s quote below is quite relevant here:  

“The best way to predict your future is to create it.”  Abraham Lincoln  

  

This means that we have to take proactive actions in the pursuit of sustainability.  We cannot afford 

to wait for the future to unfolded so that we can react to it.  By using systems engineering and 

project management tools and techniques, we can plan, organize, schedule, and control 

sustainability projects. The tools and techniques can be adapted to fit specific sustainability 

projects, whether it is at home or at work.  Project management is the pursuit of organizational 

goals within the constraints of time, cost, and quality expectations.  This can be summarized into 

a few basic questions, such as:  

• What needs to be done?  

• What can be done?  

• What will be done?  

• Who will do it?  

• When will it be done?  

• Where will it be done?  

• How will it be done?  

  

The three factors of time, cost, and quality are synchronized to answer the above questions.  The 

factors must be managed and controlled within the constraints of systems thinking. Whatever 

happens in one segment of the system affects other parts of the system. In this context, a system is 

defined as a “collection of interrelated elements, the collective output of which is greater than the 

sum of the individual outputs of the elements.” In other words, every little action taken toward 

sustainability interplays with other little actions to create a bigger impact. This concept works for 

both adverse and positive actions. Our goal is to maximize the positive collective impacts while 

minimizing the negative adverse impacts.  

  

  

Application of DEJI® Systems Model  

  

The DEJI systems model (Badiru, 2014) provides a structured approach to designing, evaluating, 

justifying, and, most importantly, integrating actions. The model is applicable to a variety of 

problem domains, including quality management (Badiru, 2014), market engagement (Badiru et 

al, 2015), and sustainability (Agustiady and Badiru, 2013). The model is represented graphically 

in Figure 1. It can enhance the potential for achieving the intended project goals, which are 

typically defined in terms of three possible categories:  

1. A physical product  

2. An expected service  

3. A desired result  
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Environmental considerations and commitment to sustainability can impact the paths to the above 

goals. Using the structured approach of the DEJI model, all the factors, aspects, and nuances can 

be covered and resolved, thereby making project goals more achievable effectively and efficiently. 

Figure 2 illustrates some of the possible elements and considerations in an application of the 

model.  

  

  

  
  

Figure 1. DEJI® Systems Framework  
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Figure 2. Possible Elements and Factors in DEJI Model Application  

  

  

  

Sustainability Trade-offs  

  

The trade-off relationships in the factors of sustainability are not linear and must be visualized in 

a multi-dimensional context.  This is better articulated by a 3-D view of the sustainability systems 

constraints as shown in Figure 3.  Scope requirements determine the sustainability boundary and 

tradeoffs must be done within that boundary.  If we label the eight corners of the box as (a), (b), 

(c), (d), (e), (f), (g), (h), we can iteratively assess the best operating point for the effort.  For 

example, we can address the following two operational questions:  

  

1. From the point of view of the project sponsor, which corner is the most desired operating 

point in terms of combination of requirements, time, and cost?  

2. From the point of view of the project executor, which corner is the most desired operating 

point in terms of combination of requirements, time, and cost?  

  

Note that all the corners represent extreme operating points.  We notice that point (e) is the 

donothing state, where there are no requirements, no time allocation, and no cost incurrence.  This 

cannot be the desired operating state of any organization that seeks to remain productive.  Point 

(a) represents an extreme case of meeting all requirements with no investment of time or cost 

allocation.  This is an unrealistic extreme in any practical environment.  It represents a case of 

getting something for nothing.  Yet, it is the most desired operating point for the project sponsor.  

By comparison, point (c) provides the maximum possible for requirements, cost, and time.  In other 

words, the highest levels of requirements can be met if the maximum possible time is allowed and 

the highest possible budget is allocated.  This is an unrealistic expectation in any resourceconscious 

organization.  You cannot get everything you ask for to execute a project.  Yet, it is the most 

desired operating point for the project executor.  Considering the two extreme points of (a) and (c), 

it is obvious that the project must be executed within some compromise region within the scope 

boundary.   

  

There is a compromise surface with peaks and valleys representing give-and-take tradeoff points 

within the constrained box.  With proper control strategies, the sustainability team can guide the 

project in the appropriate directions.  The challenge is to come up with some analytical modeling 

technique to guide decision-making over the compromise region.  If we could collect sets of data 

over several repetitions of identical projects, then we could model a decision surface that can guide 

future executions of similar sustainability projects.  Such typical repetitions of an identical project 

are most readily apparent in sustainable construction projects, for example new residential home 

development projects.  
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Figure 3.  Sustainability Systems Constraints of Cost, Time, and Quality  

  

Organizations often inadvertently fall into an unstructured management “BLOBS” because it is 

simple, low-cost, and less time-consuming; until a problem develops. A desired alternative is to 

model the sustainability system using a systems value-stream structure as shown in Figure 4.  This 

uses a proactive and problem-preempting approach to execute projects.  This alternative has the 

following advantages:  

  

• Problem diagnosis is easier  

• Accountability is higher  

• Operating waste is minimized  

• Conflict resolution is faster  

• Value points are traceable  

  

  

 

  

Figure 4.  Sustainability Systems Value-Stream Structure  
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Why Sustainability Projects Fail  

  

In spite of concerted efforts to maintain control of a project, many projects still fail.  If no project 

ever fails, it would be a perfect world.  But we all know that there is no perfection in human 

existence.  In order to maintain a better control of a project, albeit no perfect control, we must 

understand the common reasons that projects fail.  With this knowledge, we can better preempt 

project problems.  Below are some common causes of project failure:  

  

• Lack of communication  

• Lack of cooperation  

• Lack of coordination  

• Diminished interest  

• Diminished resources  

• Change of objectives o Change of stakeholders o Change of priority o Change of perspectives  

• Change of ownership o Change of scope o Budget cut o Shift in milestone  

• New technology  

• New personnel  

• Lack of training  

• New unaligned capability  

• Market shift  

• Change of management philosophy  

• Managers move on  

• Depletion of project goodwill  

• Lack of user involvement  

• Three strikes and out (too many mistakes)  

  

  

A system approach helps increase the intersection of the three categories of project management 

tools and, hence, improve overall management effectiveness.  Crisis should not be the instigator 

for the use of project management techniques.  Project management approaches should be used 

upfront to prevent avoidable problems rather than to fight them when they develop.  What is worth 

doing is worth doing well, right from the beginning. Figure 5 illustrates the multi-dimensionality 

of a complex sustainability project. Full project control requires a consideration of people, tools, 

process, cost, management practices, technology, schedule requirements, and performance 

specifications.  
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Figure 5.  Project Control for Sustainable Engineering  

  

  

  

Critical Factors for Sustainability Success  

  

The premise of this paper is that the critical factors for systems success revolve around people and 

the personal commitment and dedication of each person.  No matter how good a technology is and 

no matter how enhanced a process might be, it is ultimately the people involved that determine 

success.  This makes it imperative to take care of people issues first in the overall systems approach 

to sustainability.  Many organizations recognize this, but only few have been able to actualize the 

ideals of managing people productively.  The execution of operational strategies requires 

forthrightness, openness, and commitment to get things done.  Lip service and arm waving are not 

sufficient.  Tangible programs that cater to the needs of people must be implemented.  It is essential 

to provide incentives, encouragement, and empowerment for people to be self-actuating in 

determining how best to accomplish their sustainability goals.  A summary of critical factors for 

systems success encompasses the following:  

  

Total system management: hardware, software, and people  

• Operational effectiveness  

• Operational efficiency  

• System suitability  

• System resilience  

• System affordability  
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• System supportability  

• System life cycle cost  

• System performance  

• System schedule  

• System cost  

Systems engineering tools, techniques, and processes are essential for project life-cycle 

management to make goals possible within the context of SMART principles, which are 

represented as follows:   

1. Specific:  Pursue specific and explicit outputs.  

2. Measurable:  Design of outputs that can be tracked, measured, and assessed.  

3. Achievable:  Make outputs to be achievable and aligned with organizational goals.  

4. Realistic:  Pursue only the goals that are realistic and result-oriented.  

5. Timed:  Make outputs timed to facilitate accountability.  

  

Sustainability Communication  

  

New technologies are always emerging from research laboratories.  There may be apprehension 

and controversies regarding their potential impacts. Implementing new technology projects may 

generate concerns both within and outside an organization.  A frequent concern is the loss of jobs.  

Sometimes, there may be uncertainties about the impacts of the proposed technology.  Proper 

communication can help educate the audience of the project regarding its merits.  Informative 

communication is especially important in cases where cultural aspects may influence the success 

of technology transfer.  The people that will be affected by the project should be informed early as 

to the following:  

  

• The need for the sustainability  

• The direct and indirect benefits of sustainability   

• The resources that are available to support the technology  

• The nature, scope, and the expected impact of the technology  

• The expected contributions of individuals involved in the technology  

• The person, group, or organization responsible for the technology  

• The observers, beneficiaries, and proponents of the technology  

• The potential effect of a of the failure of the project  

• The funding source for the project   

  

Wide communication is a vital factor in securing support for sustainability.  A concerted effort 

should be made to inform those who should know.  Moreover, the communication channel must 

be kept open throughout the project life cycle. In addition to in-house communication, external 

sources should also be consulted as appropriate.  Sustainability consortium may be established to 

facilitate communication with external sources.  The consortium will link various organizations 
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with respect to specific technology products and objectives.  This will facilitate the exchange of 

both technical and managerial ideas.  

  

  

  

Sustainability Cooperation  

  

Not only must people be informed, but their cooperation must also be explicitly sought.  Merely 

saying "yeah" to sustainability is not enough assurance of full cooperation.  In effect, the proposed 

technology must be sold to management and employees.  A structured approach to seeking 

cooperation should help identify and explain the following items to the project personnel:  

  

• The cooperative efforts are needed to assure success of the technology  

• The time-frame is involved in implementing the technology  

• The criticality of cooperation to the technology  

• The organizational benefits of cooperation  

• The implication of lack of cooperation  

  

  

Sustainability Coordination  

  

Having successfully initiated the communication and cooperation functions, the efforts of the 

project team must, thereafter, be coordinated.  Coordination facilitates the organization and 

utilization of resources.  The development of a responsibility chart can be very helpful at this stage.  

A responsibility chart is a matrix consisting of columns of individual or functional departments 

and rows of required actions.  Cells within the matrix are filled with relationship codes that indicate 

who is responsible for what.   The matrix should indicate the following:  

  

• Who is to do what?  

• Who is to inform whom of what?  

• Whose approval is needed for what?  

• Who is responsible for which results?  

• What personnel interfaces are involved?  

• What support is needed from whom for what functions  

  

The use of a project management approach is particularly important when sustainability technology 

is transferred from a developed nation (or organization) to a less developed nation (or 

organization).  In some cases, fully completed technology products cannot be transferred due to 

the incompatibility of operating conditions and requirements.  In some cases, the receiving 

organization has the means to adapt transferred technology concepts, theories, and ideas to local 

conditions to generate the desired products.  In other cases, the receiving organization has the 

infrastructure to implement technology procedures and guidelines to obtain the required products 

at the local level. In order to reach the overall goal of sustainability technology transfer, it is 

essential that the most suitable technology be identified promptly, transferred under the most 
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favorable terms, and implemented at the receiving organization in the most appropriate manner.  

Project management offers guidelines and models that can be helpful in achieving these aims.  

  

  

  

Hierarchy of Sustainability Project Control  

  

The traditional concepts of systems analysis are applicable to the project process.  The definitions 

of a project system and its components are presented next from a point-to-point control perspective. 

The systems structure of a project is illustrated in Figure 6.  

  

  

Figure 6.   Hierarchy of a Sustainability Project System  

  

• System.   A project system consists of interrelated elements organized for the purpose of 

achieving a common goal.  The elements are organized to work synergistically to generate 

a unified output that is greater than the sum of the individual outputs of the components.  

• Program.   A program is a very large and prolonged undertaking.  Such endeavors often 

span several years.  Programs are usually associated with particular systems.  For example, 

we may have a space exploration program within a national defense system.  

• Project.   A project is a time-phased effort of much smaller scope and duration than a 

program.  Programs are sometimes viewed as consisting of a set of projects.  Government 

projects are often called programs because of their broad and comprehensive nature.  

Industry tends to use the term project because of the short-term and focused nature of most 

industrial efforts.  
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• Task.   A task is a functional element of a project.  A project is composed of a sequence of 

tasks that all contribute to the overall project goal.  

• Activity.   An activity can be defined as a single element of a project.  Activities are 

generally smaller in scope than tasks.  In a detailed analysis of a project, an activity may be 

viewed as the smallest, practically indivisible work element of the project.  For example, 

we can regard  

a manufacturing plant as a system.  A plant-wide endeavor to improve productivity can be 

viewed as a program.  The installation of a flexible manufacturing system is a project within 

the productivity improvement program.  The process of identifying and selecting equipment 

vendors is a task, and the actual process of placing an order with a preferred vendor is an 

activity.    

  

The emergence of systems development has had an extensive effect on project management in 

recent years.  A system can be defined as a collection of interrelated elements brought together to 

achieve a specified objective.  In a management context, the purposes of a system are to develop 

and manage operational procedures and to facilitate an effective decision-making process.  Some 

of the common characteristics of a system include:  

1. Interaction with the environment  

2. Objective  

3. Self-regulation  

4. Self-adjustment  

Representative components of a project system are the organizational subsystem, planning 

subsystem, scheduling subsystem, information management subsystem, control subsystem, and 

project delivery subsystem.  The primary responsibilities of project analysts involve ensuring the 

proper flow of information throughout the project system.  The classical approach to the decision 

process follows rigid lines of organizational charts.  By contrast, the systems approach considers 

all the interactions necessary among the various elements of an organization in the decision 

process.  

The various elements (or subsystems) of the organization act simultaneously in a separate 

but interrelated fashion to achieve a common goal.  This synergism helps to expedite the decision 

process and to enhance the effectiveness of decisions.  The supporting commitments from other 

subsystems of the organization serve to counterbalance the weaknesses of a given subsystem.  

Thus, the overall effectiveness of the system is greater than the sum of the individual results from 

the subsystems.  

The increasing complexity of organizations and projects makes the systems approach 

essential in today’s management environment.  As the number of complex projects increase, there 

will be an increasing need for project management and systems engineering professionals, who 

can function as systems integrators.  Project management techniques can be applied to the various 

stages of implementing a sustainable engineering system as summarized in the following 

guidelines:  
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1. Systems definition.   Define the system and associated problems using keywords that signify 

the importance of the problem to the overall organization.  Locate experts in this area who 

are willing to contribute to the effort.  Prepare and announce the development plan.  

2. Personnel assignment.   The project group and the respective tasks should be announced, a 

qualified project manager should be appointed, and a solid line of command should be 

established and enforced.  

3. Project initiation.   Arrange an organizational meeting during which a general approach to 

the problem should be discussed.  Prepare a specific development plan and arrange for the 

installation of needed hardware and tools.  

4. System prototype.   Develop a prototype system, test it, and learn more about the problem 

from the test results.  

5. Full system development.   Expand the prototype to a full system, evaluate the user interface 

structure, and incorporate user training facilities and documentation.  

6. System verification.   Get experts and potential users involved, ensure that the system 

performs as designed, and debug the system as needed.  

7. System validation.   Ensure that the system yields expected outputs.  Validate the system by 

evaluating performance level, such as percentage of success in so many trials, measuring 

the level of deviation from expected outputs, and measuring the effectiveness of the system 

output in solving the problem.  

8. System integration.   Implement the full system as planned, ensure the system can coexist 

with systems already in operation, and arrange for technology transfer to other projects.  

9. System maintenance.   Arrange for continuing maintenance of the system.  Update solution 

procedures as new pieces of information become available.  Retain responsibility for system 

performance or delegate to well-trained and authorized personnel.  

10. Documentation.   Prepare full documentation of the system, prepare a user’s guide, and 

appoint a user consultant.  Pictures and graphics are helpful resources for user’s guides.  

Systems integration, the final stage of the DEJI model, permits sharing of resources.  Physical 

equipment, concepts, information, and skills may be shared as resources.  Systems integration is a 

major concern of many organizations.  Even some of the organizations that traditionally compete 

and typically shun cooperative efforts are beginning to appreciate the value of integrating their 

operations.  For these reasons, systems integration has emerged as a major interest in business, 

industry, and even in government.  Systems integration may involve the physical integration of 

technical components, objective integration of operations, conceptual integration of management 

processes, or a combination of any of these.  

Systems integration involves the linking of components to form subsystems and the linking of 

subsystems to form composite systems within a single department and/or across departments.  It 

facilitates the coordination of technical and managerial efforts to enhance organizational functions, 

reduce cost, save energy, improve productivity, and increase the utilization of resources.  Systems 

integration emphasizes the identification and coordination of the interface requirements among the 

components in an integrated system.  The components and subsystems operate synergistically to 

optimize the performance of the total system.  Systems integration ensures that all performance 

goals are satisfied with a minimum expenditure of time and resources.  Integration can be achieved 

in several forms including the following:  
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1. Dual-use integration:   This involves the use of a single component by separate subsystems 

to reduce both the initial cost and the operating cost during the project life cycle.  

2. Dynamic resource integration:   This involves integrating resources that flow between two 

normally separate subsystems of a project, in such a way that resources flow from one 

subsystem to or through the other subsystem, in a way that minimizes the total resource 

requirements of the project.  

3. Restructuring of functions:   This involves the restructuring of functions and reintegration of 

subsystems to optimize costs when a new subsystem is introduced into the project 

environment.  

Systems integration is particularly important when introducing new technology into an existing 

system.  It involves coordinating new operations to coexist with existing operations.  It may require 

the adjustment of functions to permit the sharing of resources, development of new policies to 

accommodate product integration, or realignment of managerial responsibilities.  It can affect both 

hardware and software components of an organization.  Presented below are guidelines and 

important questions relevant for systems integration.  

• What are the unique characteristics of each component in the integrated system?  

• How do the characteristics complement one another?  

• What physical interfaces exist among the components?  

• What data/information interfaces exist among the components?  

• What ideological differences exist among the components?  

• What are the data flow requirements for the components?  

• Are there similar integrated systems operating elsewhere?  

• What are the reporting requirements in the integrated system?  

• Are there any hierarchical restrictions on the operations of the components of the integrated 

system?  

• What internal and external factors are expected to influence the integrated system?  

• How can the performance of the integrated system be measured?  

• What benefit/cost documentations are required for the integrated system?  

• What is the cost of designing and implementing the integrated system?  

• What are the relative priorities assigned to each component of the integrated system?  

• What are the strengths of the integrated system?  

• What are the weaknesses of the integrated system?  

• What resources are needed to keep the integrated system operating satisfactorily?  

• Which section of the organization will have primary responsibility for the operation of the 

integrated system?  

• What are the quality specifications and requirements for the integrated systems?  

  

Conclusion   

  

Sustainability is everyone's responsibility. We must all work together to pursue and execute 

intellectual initiatives and research to advance engineering sustainability from chemistry to other 

sciences, including human-systems integration. Systems engineering is essential for achieving this 
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goal. The DEJI systems model presented in this paper facilitates a structured approach to what 

needs to be done to accomplish sustainability goals.  
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