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Abstract 
 
The continuous rise in carbon emissions over the last 30 years and growing global demand for 
stable electricity for cooling, heating, and transportation represent a major challenge 
worldwide. The emergence of renewable technology such as wind, solar, gas and photovoltaic 
cells has lead to the development of mini-grids which is threatening utilities existence globally. 
For large power utilities to secure a competitive advantage in the energy sector, improving the 
efficiency of life cycle management programs must be achieved by the successful execution of 
projects throughout the power plant existence. 
 
There are different life cycle models considered by utility owners which include project life 
cycle model (PLCM), asset life cycle model (ALCM), and business life cycle models (BLCM) which 
all aim to integrate organizational effort to improve or maintain performance. Project and 
portfolio managers must select projects that provide an adequate return on investment (ROE) 
and drop those that will not for a firm to maintain a sustainable advantage over its 
competitors. The need for tools and processes for determining the right projects to pursue and 
which to terminate increases as project and portfolio management becomes more strategically 
focused. 
 
The purpose of this paper is to demonstrate how using an integrated business model to make 
decisions regarding individual projects can improve portfolios of projects and project 
management by coupling projects to the strategic management of the firm and position it to 
make decisions in the best interest of the company’s shareholders. 
 
Keywords: Business model, plant life cycle management, Project management 
 
Introduction 
 
To ensure that selected projects meet the goal of a firm, project and portfolio tools and 
processes must take a holistic view of projects which can be achieved by using business models 
to evaluate the viability of individual projects. Due to changing business models, traditional 
business models driven by specific plans to ensure adherence to routines that worked in the 
past are no longer sufficient for future survival mostly as a consequence of technology 
innovation, and its effect on the business. Today's unpredictable business environment 
coupled with globalization is characterized by an increasing pace of radical and unforeseen 
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changes in the business environment which demands that the same routines and 
decisionmaking processes must redefine themselves to become inherently pro-active and 
adaptive. Traditionally utility models require that a life of plant plan is developed summarizing 
all activities to be performed until the asset is retired. Fossil power plant can live up to 60 
years, the rate of innovation and environmental regulations that happens in five years gives a 
lot of opportunities to consider which normally change priorities of project portfolios as a 
result of changing business objectives. 
 
In traditional utilities, the objective of the power plant life of plant plan (LOPP) is to ensure the 
sustainability of future energy supply. Every life of the plant plan project (LOPP) starts with a 
set of user’s requirements which are translated into unique technical specifications for a 
specific environment for implementation purpose. As a result, the execution of a LOPP project 
is subject to numerous constraints that limit the commencement or progression of field 
operations, which invariably have a significant negative impact on overall project performance. 
 
Background of the study 
 
According to the International energy agency (2010-48), the essential challenge of most power 
utility is to improve the performance of the existing generating plant specifically considering 
how to evaluate performance in the context of multiple objectives including reliability, 
availability, efficiency, environmental performance, and flexibility. Ramage and Armstrong 
(2005-14) understood that project failure or project delays are a global phenomenon and South 
Africa is not an exception. Baccarin (1999-63) argues that it is significant to differentiate 
between project success criteria and project success factors because criteria are used to 
measure success although factors facilitate the achievement of success.  
 
Project management success concentrates on the project management process and in specific 
on the achievement of the project goals concerning cost, time, scope, and quality. These 
dimensions designate the degree of the proficiency of project execution, said Pinkerton (2003-
334). Project product success concentrates on the properties of the project’s end product. 
Though project product success is unique from project management success, the successful 
outcomes of both of them are inseparably linked. If the endeavor is not a success, neither is 
the product (Pinkerton, 2003-344). In power plants, this is done by comparing the unit 
performance before and after an project focusing on the specific project objectives (Cooper, 
1998-12). Due to increasing legislation on environmental and social impacts of power plants on 
the society and the environment, various driving forces are imaging from government, society 
and employees influencing power utilities to incorporate sustainable development in their 
business practices by aligning all internal operations and practices. Developing project 
management methodologies that consider sustainable project life cycle management 
effectively addressing social and environmental aspects of sustainable development will 
position power utilities to better place themselves as an energy source of the future. 
 
System engineers have long recognized environment and social impact that exist due to the 
interaction of the system and its environment, its effects on the wellbeing of the system 
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throughout the system life cycle. The functional interactions of a system with its environment 
include its inputs, outputs, and human control interfaces. System engineers design and 
prioritize the system requirements ensuring that the different system attributes are 
appropriately weighted when balancing the various technical efforts by deciding which risk is 
worth undertaking. They also determine if a new approach to the problem is necessary, if the 
intense effort will accomplish the purpose or weather, the requirements can be surmounted to 
relieve the problem.  
 
Research problem 
 
The research addressed two hypotheses:  
 

• H1: Business model integration will improve project management decision which will 
save money and time for utilities. 

• H2: There are process optimizations benefits for project organizations which will 
improve the performance of the project management, product management, and 
organizational management 
 

Literature review 
 
Different project management scholars consider different factors that affect project success 
and the overall success of a project. Prabhakar (2008-17) believes that budget compliance and 
accurate schedules will matter less if the project results do not meet project goals and 
expectations. According to Kerzner (2001-45), factors that create an environment that ensures 
that projects are managed successfully consistently are critical. According to Humphrey (2005-
67), critical success factors are those factors that will significantly improve the chances of  
success if addressed appropriately which also require processes and activities to be chosen to 
address critical success factors.  
 
Project life cycle management 
 
Generally, successful projects would be completed on time, within cost, delivered quality, as 
promised, meet or exceed stakeholder expectations and maintains a win all situation. Kock 
(2013-31) said that companies increasingly make use of the project management methodology 
as a management tool to promote organizational changes. Fortune (2013-41) said that 
although numerous effects are consequent from the expectations of the stakeholders, aspects 
that make projects successful are part of the strategic perspective.Saynisch (2010-24) indicated 
that project management literature has identified some determining factors which include 
complexity and uncertainty. The table below show project life cycle phases viewed by different 
authours. 
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Table 1 Researchers phases description during project life cycle project 

Researcher 
Number 
of phases 

Phases 

Meredith  & Mantel (2012) 4 
Conception, selection, 
planning/scheduling/monitoring/control and 
evaluation and termination 

Maylor (2003) 4 
Define, design, Deliver, develop a process future 
use 

Callahan, Stetz, and Brooks 
(2011) 

4  Inception, development, execution and finalization 

Gray & Larson (2003) 3 Introduction, planning and execution, closeout 

Means& Adams (2005) 4 Definition, planning, execution and finalization 

Newbold (2000) 4 Introduction, planning, execution, closeout 

Levine (2005) 3 
conceptualization, planning and execution, 
closeout 

Duncan (1996) 6 

Needs analysis, concept definition, demonstration 
and validation, engineering and manufacturing 
development, production and deployment, 
operations and support. 

Morris (2006) 4 
Feasibility, planning and design, production, 
turnover and start-up 

 
 
System/Product life cycle  
 
Every product/project deliverable has a life of its own and goes through cycles. The life cycle 
refers to the period from the product’s first launch into the market until its final withdrawal 
and during this period significant changes are made in the way that the product is behaving. 
Since an increase in profits is the major goal of a company that introduces a product into a 
market, the product’s life cycle management is very important. For a company to fully 
understand the above and successfully manage a product’s life cycle, strategies and 
methodologies must be developed. The table below indicates the product life cycle stages 
viewed by different authors. 
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Table 2 Researchers phases description during product life cycle project 

Researcher 
Number 
of phases 

Phases 

Fabryck & Blanchard 
(1998) 

3 
Consumer (need), producer (planning, research, 
design, construct), consumer (evaluation, logistic 
support) 

Blanchard, BS (1997) 4 
Design and develop, production/construction, 
operations and maintenance, Retirement and 
material disposal 

 3 Feasibility, development and operations 

 
Asset life cycles 
 
Asset management is often one of the last options to maximize cost savings in a competitive 
global economy due to its intrinsic complexity, especially in many developing countries. Asset 
management in the process industry must consider the commissioning, operational, and end-
of-life phases of physical assets when commencing a design and implementation project. 
However, current asset management models show inefficiencies in terms of addressing life 
cycle costs comprehensively, as well as other aspects of sustainable development.  An asset life 
cycle management that integrates the concepts of generic project management frameworks 
and systems engineering with operational reliability to address these inefficiencies is 
desirable.The table below show asset life cycle model as viewed by different authors. 
 
Table 3 Researchers phases description during asset life cycle management 

Researcher 
Number 
of 
phases 

Phases 

Van de lei,T., Herder, P and 
Wijnia (2012). 

2 Acquisition and utilization phase 

Wilson(2002) 3 
Strategy and policy, practical developments, system 
policies 

Lloyd, (2010) 3 Design, construction, operation 

Davis (2008) 4 Acquire , commission , operate and dispose 

Brinkman (1999) 3 Design, construction, operation 

Girsch (2005) 4 Acquire, design , construct and operate 
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Business life cycle 
 
After establishment, a business undergoes business phases throughout their existence known 
as the life cycle of a business. If a business adapts successfully to the different challenges at 
each stage of the cycle, it can avoid the final stage of decline in the cycle. The table below 
shows the business life cycle model viewed by different authors. 
 
  
Table 4 Researchers description of asset life cycle management phases 

Researcher 
Number of 
phases 

Phases 

Hart & Baker (1998) 4 Introduction, growth, maturity, decay 

Christensen (1999) 4 Intimacy, growth, maturity, decline 

 
 
Life cycle integration  
 
The business life cycle management covered by the power plant life of plant plan (LOPP) 
identifies a lot of projects to be executed over a certain period. The asset life cycle result from 
the project and the product life cycle resulting from the asset has economic, social, and 
environmental consequences, which are in turn associated with an implemented project. The 
figure below shows the integrated model. 
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Figure 1 Integrated life cycle management model 

 
According to Daft (2007-17), organizations like any other living organism follow a very 
predictable path overtime and most common patterns include that they are all born, they also 
leave and they eventually die afterward. The major difference is that some organization 
lifespan is very short (Less than 2 years) while others are very long (More than 200 years). 
Looking at the international space, it is also evident that the life of a firm is also impacted by 
the level of competition, opportunities, regulation, and government control over time. The 
three organisational models are: 
 

• Resources Models - According to Negrusa (2007-9), the time when an organization is 
founded plays a role in its organizational structure (Social resource model). This means 
that the social resources of the organization largely determine the organizational 
structure and culture 

• Crisis Models - The situational confrontational model argues that key issues the 
organization faces determine the stages at which the organization is at, not so much by 
size, age, market share, or management sophistication, said Negrusa (2007-10).  
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• Decline and Inertia Models - The decline and inertia models focus more on the 
organizational decline stage and argue that organizational growth through creativity, 
direction, delegation, coordination, and collaboration.  

 
Success Factors  
 
Nguyen (2004-407) alleged that project success factors can be grouped into one of four 
components which are:  
 

• Comfort – warranting that leadership determinations are well aligned for the 
implementation of the project  

• Competence – Having appropriate technology, experience, specialty available for the 
project  

• Commitment – Ensure that parties concerned and all levels in the management 
hierarchy of each participating organization are willing to manage, plan, design, 
construct, and operate the facility harmoniously.  

• Communication – Clarify and disseminate all necessary project information and status 
to all internal and external project stakeholders   

 
Salvador, Grobler, Pariff ,Guvens & Coyle (1992-102) directed that using the model below, the 
success and performance of a project can be examined. The absolute value of the rating is 
indicative of the client’s perception of the performance and success of the project. Chan (2002-
25) reviewed Sanvido’s work on empirical studies from management journals to develop a 
conceptual framework on critical success factors resulting in five groups of independent 
variables identified which are project related, procurement-related, project management 
related, and project participant related. 
 
Julian (2008-44) indicated that project control and monitoring tools are based on expert 
judgment and parametric tools. Projects are how companies implement their strategies. Pinto 
and Slevin (1987-27) whispered that some determining factors identified in project 
management literature are increasingly becoming evident as projects become more complex, 
stakeholders play an important role in project development success, and projects are always 
surrounded by uncertainty with continuous changes. Shenhar, Dvir, Levy, Maltz (2001-45) held 
that a fact that expert judgment is an important tool in project management is limited because 
resources are mostly limited. High complexity and accuracy make it difficult to apply the 
expected judgment required in projects.  
 
Rodriguez, Setchi, and Salmeron (2007-558) believed that, the application of artificial 
intelligence algorithms to the prediction of project success brought up a wide selection of 
objectives and can be divided into predicting project success and identifying critical success 
factors. According to Holland (1975-6), the algorithms based on artificial intelligence applied to 
project success are neural networks, fuzzy cognitive maps, genetic algorithms, Bayesian model, 
and bootstrap aggregating neural networks and adaptive boosting neural networks. 
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According to Holland (1975-12), statistical models were used as an initial approach but had not 
been able to answer project management needs but with artificial intelligence, researchers 
have found tools and algorithms which address better complex environments and project 
uncertainty during normal projects development with algorithms addressing specific goals 
which include critical success factors identification and project success prediction. 
 
Atkinson (1999-341) supposed that, the project status model (PSM) is used to monitor and 
show changes in project status through constant updates during the project and at a certain 
point after it ends assisting the project manager on how the project is going and its results. The 
six PSM criteria are time scale, cost/budget, scope, deliverable and product, benefits, quality, 
and risks. 
 
DeLone and McLean (2003-24) proposed a compressive model for project success by merging 
the success dimensions from project management streams and information systems believing 
that these will assist project managers to assess the likely success early in the development 
stages. Four aspects that make DeLone and McLean model appropriate incorporation into a 
project success model are simplicity, acceptability, similarity of intensions, and reusability. 
 
Research design 
 
According to Blaikie (2000-5) research design refers to the overall strategy chosen to integrate 
the different components of the study in a comprehensible and coherent way, ensuring that 
the research problem is effectively addressed. The figure below shows the research design for 
this study.  
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Figure 2 Research design process 

 
Questionnaire design  
 
A survey (primary data source) was conducted on a randomly sampled group in the population 
to investigate the objectives of this study of which findings will be used to draw conclusions 
and make recommendations. The questionnaire was designed to measure elements of success 
and its requirements.  
 
Research results 
 
To reduce the number of success factors, the highly-rated success factors were selected per 
group from the general survey and the list was used for Delphi round 1 as per the table below. 
 

Develop an 
intergraded 

model

Survey 
studies 

Delphi 
technique

Statistical 

Analysis

conclusion
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Figure 3 Project success factors 

 
Project product success 
 
The highly-rated success factors were selected per group from the previous general survey and 
the list was used for Delphi round 1 as per the table below. 
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Figure 4 Product/deliverable success factors 

 
Organizational Success 
 
The highly-rated organizational success factors were selected per group from the previous 
general survey and the list was used for Delphi round 1 as per table below. 
 

 
Figure 5 Organisational success factor 

Delphi Methodology: Ranking critical factors 
 
The three-stage Delphi method was designed to encourage a true debate, independent of 
personalities because no one knew who else was participating. A panel of experts in power 
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plant life cycle management and project management was identified utilizing personal 
characteristics, professional experience, a concept identified and topic to be investigated. The 
stage three Delphi results are summarized at the table below.  
 
Table 5 Delphi stage 3 results summary 

Project critical success factors Mean RII Rank 

S1: Project management techniques are applied 4.166667 0.774803 1 

S2: Standards are actively used to drive the quality of outputs 4.3 0.770079 2 

S3: Regular and careful progress  monitoring 4.088889 0.765354 3 

S4: Pre-project planning is thorough and considered 4.066667 0.754331 4 

S5: Direct and indirect suppliers are aware of the project  4.077778 0.741732 5 

Product (deliverable) critical success factors Mean RII Rank 

P1: Value for money 4.011111 0.748031 2 

P2: Improve the efficiency of the system 4.066667 0.762205 1 

P3: Satisfactory overall equipment effectiveness 3.733333 0.746457 4 

P4: Minor and major upgrades required to improve reliability 3.6 0.705512 5 

P5: Unexpected disruptions beyond the control of project management 3.777778 0.730709 3 

Organizational/corporate critical success factors Mean RII Rank 

Q1: Business benefits realized 3.905512 0.781102 1 

Q2: Strategic benefits realised 3.850394 0.770029 3 

Q3: New core competency realised 3.92126 0.784252 2 

Q4: New organizational capability realized 3.606299 0.72126 4 

 
Statistical Analysis 
 
Statistical analysis was done for each category of collected data using statistical analysis 
software (SPSS). The following statistical instruments were used in this study.  
 
Person correlation coefficient 
 
Correlation between sets of data is a measure of how well they are related. We can categorize 
the type of correlation by considering as one variable increases what happens to the other 
variable:  
 

• Positive correlation – the other variable tends to also increase;  

• Negative correlation – the other variable tends to decrease;  

• No correlation – the other variable does not tend to either increase or decrease.  
 
The starting point of any such analysis should thus be the construction and subsequent 
examination of a scatterplot. In this study, r was used to measure the strength and direction of 
the relationship between ratings of critical factors. The following are the correlation results: 
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• The value of R is 0.989. This is a strong positive correlation, which means that high 
Project success variable scores go with high product success variable scores (and vice 
versa). The value of R2, the coefficient of determination, is 0.9781. 
 

• The value of R is 0.9352. This is a strong positive correlation, which means that high 
project success variable scores go with high organization success variable scores (and 
vice versa). The value of R2, the coefficient of determination, is 0.8746. 
 

• The value of R is 0.8882. This is a strong positive correlation, which means that high 
product success variable scores go with high organizational success variable scores (and 
vice versa). The value of R2, the coefficient of determination, is 0.7889. 

 
Independent T-test 

 
In this research, the significance is evaluated based on the p-value value where a low p-value 
indicates that the test is significant and the conclusion can be drawn. The following results 
were attained as per table above: 
 

• The relationship between project success factors and product success factors achieved 
Bottom of Form t-value of 2.00312. The p-value is 0.040064. The result is significant at p 
< .05. 
 

• The relationship between project success factors and organizational success factors 
achieved a t-value of 0.34093. The p-value is 0.37097. The result is not significant at p < 
.05.  
 

• The relationship between project product success factors and organizational success 
factors achieved a t-value of -1.01989. The p-value is 0.168815. The result is not 
significant at p < .05. Bottom of Form 

 
Verification and validation using Design of experiment (DOE) 
 
To determine the effects of the variables inputs on project, product and organisational  
performance and variation, an experiment was used to study the performance of project 
processes and system represented by a model. The process is visualized as a combination of 
operations, machines, methods, people, and any other resources that will be used to transform 
input to output that has observable response variables. The desired model in this stage proves 
the interdependency of factors and the impacts they have towards success of project, product 
and organisational. The same factor has an impact on variation experiments in different input-
output combinations. The table below shows the three inputs that will be experimented to see 
their effects on the outputs. 
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Table 6 Desired model input 

Phase  Low level (%) 
Factorial 
low 

Mid to high (%) 
Factorial 
high 

Project management success 
(PMS) 

< 0.7 or 70%  -1 >  0.7 or 70%  1 

Project product success (PPS) < 0.7 or 70%  -1 >  0.7 or 70%  1 

Organisational success (OS) < 0.7 or 70%  -1 >  0.7 or 70%  1 

 
Data envelope analysis makes it possible to use the different variables with different measuring 
units by calculating individual efficiencies and that the factors linked to these processes were 
evaluated before and the table below links the above processes to these factors. 
 
Table 7 Factors alignment using DEA 

Process 
Technical Performance 
measure 

Description 
DEA 
measurements 

Project management 
success  

Interdependency Efficiency Efficiency 

  Scope 
Work 
packages 

Efficiency 

  Time Days Efficiency 

  cost Rand Efficiency 

  Quality  Compliance  Efficiency 

  Risk Mitigation  Efficiency 

Project product success Availability Percentage Efficiency 

  Reliability Percentage Efficiency 

  Capability Percentage Efficiency 

  Maintainability Percentage Efficiency 

Organizational success Life cycle cost Rand Efficiency 

  Benefits (ROE) Rand Efficiency 

 
The objective of this experiment is to determine which variables are most influential on the 
response y, determine the maximum and minimum points to determine the nominal point, 
identify how to control inputs to reduce output variability and to determine where influential X 
must be controlled so that the effects of the uncontrollable variable are minimized. The results 
of running all combinations of chosen factors at two levels (high and low) are shown in the 
table below. The order was randomized to offset any lurking variable to the process. 
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Table 8 Experiment for performance and variation 

Project PMS (X) PPS(Y) OS(Z) Performance(PS) Variation(V) 

1 -1 -1 -1 28.26 3.99 

2 1 -1 -1 36.49 2 

3 -1 1 -1 38.09 1.58 

4 1 1 -1 50.09 0.58 

5 -1 -1 1 41.01 0.94 

6 1 -1 1 58.46 0.18 

7 -1 1 1 65.15 0.02 

8 1 1 1 87.09 0.01 

 
Coded factor levels indicated by mathematical symbols minus plus are used to depict actuals 
levels respectively. The following formula is used to calculate the effects per input variables.  

𝐸𝑓𝑓𝑒𝑐𝑡𝑠 (𝑌1 𝑜𝑟 𝑌2) =
∑ 𝑋(+)

𝑛
−

∑ 𝑋(−)

𝑛
 

 
In this experiment, the effects of the one three-factor (X, Y, Z), three two factor interaction (XY, 
XZ, YZ), and one three-factor interaction (XYZ), which gives a total of seven effects. To estimate 
the overall mean, one degree of freedom was used to estimate the overall mean. The table 
below indicates the calculated effect on the output (y) by each input combination (X). The main 
effects and interaction impacts on the output can be observed.  
 
Table 9 Project input variables interdependency 

Project X Y Z XY XZ YZ XYZ Performance(PS) Variability(V) 

1 -1 -1 -1 1 1 1 -1 28.26 3.99 

2 1 -1 -1 -1 -1 1 1 36.49 2.00 

3 -1 1 -1 -1 1 -1 1 38.09 1.58 

4 1 1 -1 1 -1 -1 -1 50.09 0.58 

5 -1 -1 1 1 -1 -1 1 41.01 0.94 

6 1 -1 1 -1 1 -1 -1 58.46 0.18 

7 -1 1 1 -1 -1 1 -1 65.15 0.02 

8 1 1 1 1 1 1 1 87.09 0.01 

Effects 
(PS) 23.53 19.05 98.78 2.07 4.79 7.34 0.18 

50.58  

Effects 
(V) -0.94 -1.23 -7.00 0.44 0.56 0.69 

-
0.06 

 1.16 

 
Predictive equation modeling response 
 
This is a good place to provide details of PSLCM tested in the analysis of variance (ANOVA) 
because this model is a mathematical equation used to predict a given response using the 
linear model equation below:  
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𝛾 = 𝛽0 + 𝛽2𝑋2 + 𝛽3𝑋3 + 𝛽23𝑋2𝑋3 
Where: 
  
Y = Predicted response 
𝛽0 = intercept 
𝛽1 = Model co-efficient for the input factor 
X = Input factors 
 
Fitted model for project performance with three factors which are project efficiency, system 
effectiveness, and return on organizational benefits, in coded form is: 
 

𝑃𝑒𝑟𝑓𝑜𝑟𝑚𝑒𝑛𝑐𝑒 (𝑌1 (𝑝𝑟𝑒𝑑)) = 50.58 + 11.8(𝑋 ) + 9.525 (𝑌) + 12.35(𝑍) 
 
The actual performances are compared to the predicted performance and depict the residual 
value. The figure below indicates predicted performance and residual values for each 
performance (difference between actual and predicted) 
 
  
Table 10 Actual vs predicted values for performance 

Project X Y Z Actual(PS) Predicted (PS) Residual 

1 -1 -1 -1 28.26 16.9 11.36 

2 1 -1 -1 36.49 40.5 -4.01 

3 -1 1 -1 38.09 36 2.09 

4 1 1 -1 50.09 59.3 -9.21 

5 -1 -1 1 41.01 42 -0.99 

6 1 -1 1 58.46 62 -3.54 

7 -1 1 1 65.15 60.7 4.45 

8 1 1 1 87.09 84.25 2.84 

 
Variation fitted model code: 
 

𝑉𝑎𝑟𝑖𝑎𝑡𝑖𝑜𝑛(𝑉 𝑝𝑟𝑒𝑑) = 1.16 − 0.47(𝑋 ) − 0.615 (𝑌) − 0.876(𝑍) 
 
The figure below indicates predicted variation and residual values for each variance (difference 
between actual and predicted) 
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Table 11 Actual vs predicted values for variation 

Project X Y Z Actual(PS) 
Predicted 
(PS) Residual 

1 -1 -1 -1 3.99 3.56 0.43 

2 1 -1 -1 2 2.18 -0.18 

3 -1 1 -1 1.58 1.89 -0.31 

4 1 1 -1 0.58 0.95 -0.37 

5 -1 -1 1 0.94 1.37 -0.43 

6 1 -1 1 0.18 0.43 -0.25 

7 -1 1 1 0.02 0.2 -0.18 

8 1 1 1 0.01 0.36 -0.35 

 
At this stage, we have eight data points. Calculating half normal will be done exactly like we did 
it earlier. 100 %/8 = 12.5 % for a full normal plot. For a half normal 12.5/2 = 6.25%.  The figure 
below indicates normal a plot of residuals for performance.  
 

 
Figure 7 Normal plot for residual for performance 

The figure below indicates a normal plot of residuals for variations. 
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Figure 8 Normal plot for residual for variation 

Results analysis 
 
The integrated model was developed and DOE was used to prove the model effectiveness. The 
DEA method is used to calculate efficiencies and a final value, which describes the success of 
the project, product, or corporate performance (ROI) at a specific point in time into a single 
overall performance considering critical success factors. The model’s inclusion of operational 
and maintenance criteria forces all stakeholders to look beyond their direct activities but to 
focus on the overall lifespan. The research findings for each research hypotheses were 
analyzed in the following paragraph: 
 
Hypothesis 1 

𝐇𝟎  : Business model integration will not improve project management decision making which saves 

money and time for utilities. 

 𝐇𝟏 : Business model integration will improve project management decision making which saves 

money and time for utilities 

 

The strength of a linear association between two variables can be measured by the Pearson correlation 

coefficient where the value r = -1 means a perfect negative correlation and the value r = 1 means a 

perfect positive correlation. The strength and association: 

• Project success and product success, the value of R is 0.8852 showing a strong positive 

correlation indicating that the high project success variable scores go with the high product 

success variable scores (and vice versa). The value of R2, the coefficient of determination is 

0.7836. 
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• Project success and organizational success, the value of R is 0.5555 indicating a moderate 

positive correlation, which means there is a tendency that high project success variable scores 

go with high organizational success variable scores (and vice versa). 

• Product success and organizational success, the value of R is 0.3518 indicating a technically 

positive correlation, but with the weak relationship between variables (the nearer the value is 

to zero, the weaker the relationship). The value of R2, the coefficient of determination is 0.1238. 

These results show that enough data will be available and visible at all stages which will lead to timely 

and better decision marking while minimizing financial, governance, misdirected efforts, and resource 

utilization risks. This will leverage the processes and lessons learned from previous projects and 

capturing this information in the project repository enabling repeatable success while proving value to 

all stakeholders. 

From the above results  𝐇𝟏 : Is accepted - Business model integration will improve project 
management decision making which saves money and time for utilities 
 
 
Hypothesis 2 

𝐇𝟎  : There are process no optimizations benefits for project organizations which will improve the 

performance of the project management, product management, and organizational management 

 𝐇𝟏 : There are process optimizations benefits for project organizations which will improve the 

performance of the project management, product management, and organizational management 

 
The results from the design of the experiment (DOE) indicate that, due to process 
interdependency, optimizing one process has a very big impact on the overall results. The 
analyses of variance show that projects that are well planned, executed, and operated will 
bring more revenue to the business while the opposite is not possible. Therefore, the results 
from the DOE confirms that the more processes are performing optimally, the better the 
variability. This ensures that teams perform more work as planned while eliminating surprises. 
 
By using the integrated model, projects will benefit from the application of systems thinking 
and improve the integrity and value of the product that is delivered by anticipating possible 
challenges at the interfaces and by anticipating additional enabling tasks in addition to systems 
beyond the obvious. This will improve the realism of cost and schedule estimates and the 
understanding of stakeholders’ needs throughout the (extended) project lifecycle. A systems 
view in projects will encourage broader thinking about how a product or service meets the 
needs of various stakeholders, and what higher-level goals and constraints exist outside the 
boundary of the delivered system. 
 
From the above results  𝐇𝟏 : Is accepted - There are process optimizations benefits for project 
organizations which will improve the performance of the project management, product 
management, and organizational management. 
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Conclusions 
 
Achieving strategic alignment of business models and project models will ensure that the 
organization always spends money in line with the current business objectives which is ever-
changing depending on what organizations are exposed to overtime. This will improve project 
management office (PMO) relationships with business leaders which will realize the 
optimization required for business success in today's everchanging world. If utilities are to 
pursue their plans for stability and growth they need to cease seeing project management as a 
functional activity and place it at the core of their business processes. 
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