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Incorporating sustainability into project management is a growing imperative for managers, where performance 

and long-term resilience must be considered, but current traditional frameworks such as the Triple Bottom Line: 

People, Planet, Profit don't explicitly consider time. This research presents the 4P Framework, adding Patience to 

represent long-term orientation, adaptive capacity and innovation continuity. The study utilizes Design Science 

Research (DSR) to create a dashboard tool embedded with metrics, predictive analysis, and scenario simulation to 

operationalize the 4P Framework with the infusion of AI. The artifact combines multiple data streams to deliver 

real-time sustainability information and medium to long-term insights, allowing project managers to consider 

trade-offs for all four dimensions. A pilot project demonstrates effective visualization of 4P performance, 

identification of emerging risks and models' long-term outcomes using the dashboard. The research contributes 

to a new sustainability framework, an operational AI decision-support artifact and a basis for future empirical 

testing in real-world project contexts.
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1.  INTRODUCTION 

The In the field of project management, sustainability has emerged as a strategic priority, emphasi-
zing the need for organizations to align economic, environmental, and social goals with their project 
management processes and plans, fostering long-term sustainability and resilience. The Triple 
Bottom Line (TBL) approach is the one adopted for supporting the decision making for sustainability 
(People, Planet, Profit). The framework, however, doesn’t explicitly include the temporal aspect of 
sustainability, including resilience, adaptability, and long-term value creation.  

In today’s context of increasingly complex and uncertain project environments, there is a need for 
increasing sustainability frameworks with long-term perspectives. At the same time, advances in 
Artificial Intelligence (AI) provide new opportunities to support project managers through 
predictive analytics, scenario modeling, and real-time sustainability assessment (Jariwala, 2024). 
Despite all these advances, it is not until recently that project management tools began to 
incorporate sustainability aspects into a long-term resilience decision support framework. 

According to recent studies about sustainable project management, there still are fundamental gaps 
when incorporating sustainability principles and concepts into project decision-making that 
commonly utilizes key performance indicators related to shorter-term goals (cost, time and scope) 
with little consideration for longer-term resilience and adaptive capacity of project outcomes (Silvius 
& Schipper, 2014). Orieno et al. (2025) conducted a systematic literature review about sustainable 
project management practices including operationalizing sustainability into projects, tools used to 
implement sustainability considerations such as life cycle assessment, stakeholder engagement, 
sustainability balanced scorecards. Case study-based research by Brent & Labuschagne (2005) found 
that while there is significant value in incorporating social life cycle assessment in project and 
product delivery, there is still limited data available on social footprints and project-level data which 
limits the ability to fully assess social impacts. This limits the ability for quantitative social impact 
assessment to be used in industrial life cycle management. On the other hand, literature has shown 
the benefits of using AI and data science to help monitor, optimize, and make predictions to aid in 
decision-making in projects (Abioye et al., 2021; Adebayo et al., 2025; Abdelalim et al., 2024). 
However, there is still a lack of work combining sustainability, resilience, and AI into one project 
management dashboard. 

To address this gap, this paper seeks to introduce the 4P Framework, which builds off of the 
established Triple Bottom Line (TBL) of People, Planet, Profit by adding Patience as a pillar of 
sustainability that encompasses principles of long-term thinking, resilience, and adaptive capacity. 
Following guidelines of Design Science Research (DSR) proposed by Hevner et al. (2004), this paper 
seeks to create an AI-powered dashboard that can help support project decisions by providing 
sustainability metrics, prediction, and what-if scenario simulation.  

The research aims to answer three questions: how long-term resilience can be embedded in 
sustainability frameworks, how the Patience dimension can be operationalized through measurable 
indicators, and how AI-driven dashboards can improve sustainability-oriented decision-making. 

The study contributes theoretically by extending the TBL framework and practically by developing 
an AI-enabled decision-support artifact. Results from a pilot implementation demonstrate the 
dashboard’s ability to visualize sustainability performance, identify emerging risks, and support 
long-term project evaluation. 

The subsequent sections of this paper are organized as follows. Section 2 presents a review of the 
literature, focusing on sustainability in project management, long term value creation and AI. Section 
3 outlines the research methods on the DSR. The results are presented and discussed in the Section 4 
highlighting the dashboard functionalities and pilot testing. Finally, Section 5 concludes the study by 
discussing its limitations and providing recommendations for further research. 
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2.   LITERATURE REVIEW 

2.1 Sustainability in Project Management and the Triple Bottom Line 

Sustainability has gained greater significance in the realm of project management, as companies look 
to meet economic objectives while taking care of the environment and social responsibilities. The 
TBL concept, which combines People, Planet and Profit, is one of the most popular concepts used as a 
guide for sustainable development and organizational decisions (Pereira & Martins, 2021). The 
framework promotes the ability of organizations to think about social, environmental, and economic 
outcomes, and does not just pay attention to financial outcomes. 

Although it is widely used, researchers have recognized that there are some disadvantages to the 
TBL approach. These include the lack of measurability for intangible social and environmental 
impacts, lack of integration between all three pillars, and the focus of the framework mainly on 
reporting processes - not strategic decisions (Goh, 2020). Most significantly, the TBL framework is 
silent on temporal aspects like long-term resilience, adaptive capacity and creation of intergene-
rational value. 

2.2 Temporal Sustainability, Organizational Resilience, and Long-Term Value 

The degree of uncertainty in projects has grown, seeing them increasingly set in a world of fast 
technological, environmental and social change. Sustainability, therefore, needs to be considered as a 
process, as well as a set of results. Whyte and Nussbaum (2020) suggest that the decisions made 
during a project have implications that will carry beyond the project’s completion to the 
sustainability and continuity of operations and the transformation of the organization. 

Additionally, sustainability practices have been shown to help build organizational resilience 
through their ability to improve an organization’s adaptability and long-term survival (Ortiz-de-
Mandojana & Bansal, 2016). Nevertheless, there is a less robust mechanism in current sustainability 
frameworks to integrate temporal aspects into the project decision-making processes. This 
restriction underscores the importance of adding another dimension of sustainability to explicitly 
represent the concept of long-term thinking and resilience. 

2.3 The concept of Patience as a Fourth Sustainability Pillar 

In order to fill the gap over time in existing sustainability models, a fourth sustainability pillar, 
Patience, is proposed. Patience is an organization’s ability to focus on long-term value creation, 
resilience, adaptability and sustainable outcomes over short term gains. The idea is in line with 
strategic resilience theory and forward-looking consequences in project decisions making (Ortiz-de-
Mandojana & Bansal, 2016). 

The proposed 4P framework combines Patience with the previous People, Planet and Profit to 
translate sustainability into a more holistic approach with the needs of the organization considered 
now and in the future. 

2.4 Artificial Intelligence and Sustainable Project Decision-Making 

As AI technologies become more prevalent, they are reshaping decision-making in different 
organizational roles, such as project management. AI can handle massive amounts of data, uncover 
patterns, forecast future results, and facilitate scenario analysis, improving the quality and timeliness 
of decision-making (Aljohani, 2025).  

By 2030, project management is expected to see significant transformation as a result of integrating 
predictive intelligence and automation, according to Hughes et al. (2025). But the authors note that 
the ability to make ethical decisions, be creative and emotionally intelligent will continue to be 
important. In a similar vein, Urbanovič and Holubčík (2026) emphasize the potential of AI in risk 
detection, optimization of resources, and project predictions. 
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While these developments have been made, many AI-powered project management tools today only 
address a part of the sustainability aspect and do not offer a comprehensive picture of sustainable 
performance. Additionally, most systems do not explicitly consider long-term resilience explicitly in 
project decision support. 

2.5 Recent Advances in AI and Sustainability Research 

The possibilities of how AI could help achieve sustainability goals have garnered more interest in 
recent years. AI is known for its innovative, efficient, and eco-friendly applications, but there are 
mixed findings on its actual impacts. For instance, Kartal et al., (2025) investigated the impact of AI-
related patents, energy transition, stringent environmental policies, income and energy usage on the 
environmental sustainability of China and found that AI-related patents were not effective in 
improving environmental sustainability outcomes. Their findings reveal that technological 
innovation alone is not enough, and has to be accompanied by robust environmental policy and 
complementary sustainability efforts, if environmental gains are to be achieved. Likewise, Toderas 
(2025) identified that while AI has the potential to contribute to sustainability in various ways, 
including climate action, resource management, and environmental protection, its real potential 
hinges on responsible implementation and governance, which must consider ecological, ethical, and 
socio-economic risks and sustainability considerations. In addition, Hlabisa (2025) argued that 
although AI is often promoted as a tool for ecological sustainability, its substantial energy, water, 
material, and land requirements create environmental trade-offs that must be considered when 
evaluating its overall sustainability impact. All these studies indicate that AI will have a role to play in 
sustainable development but can have the greatest impact if underpinned by the right policies, 
governance frameworks and sustainability-focused approaches. 

Also, Kartal et al. (2026) analyzed the correlation between CO₂ emissions and energy consumption 
sub-types in the United States, taking into account the moderating impact of AI-related patents and 
energy-related R&D investments. AI-driven innovation has the potential to have a meaningful impact 
on environmental impact, especially when integrated with the use of renewable energy and 
technology investments. Furthermore, patents related to artificial intelligence (AI) had greater 
moderating effects on emission reduction than traditional R&D investments. 

In a continuation of this trend, Kartal et al. (2026) also investigated the effects of AI robotics, energy 
transition, energy use, and economic expansion on environmental degradation in top Asian 
economies. Their findings show that technologies enabled by AI and renewable energy can play a 
role in improving the environment in certain contexts, but not in others. 

Collectively, these works showcase the increasing role of AI in sustainability research. They mainly 
target national, environmental and energy sector results, however. Very little research has focused 
on the use of AI at the project level, especially when it comes to the integration of sustainability 
metrics and predictive analytics with long-term resilience factors in an integrated decision-support 
system.  

2.6 Overall Literature Evaluation and Research Gap 

The literature reviewed reveals three broad areas of studies. First, sustainability frameworks like the 
Triple Bottom Line focus on the social, environmental and economic aspects in organization decision 
making (Pereira & Martins, 2021). Second, the literature on resilience emphasizes the need to be 
adaptable in the long term, maintain organizational continuity, and create value in an uncertain 
environment (Ortiz-de-Mandojana & Bansal, 2016; Whyte & Nussbaum, 2020). Thirdly, recent 
studies on the relationship between AI innovation, AI-related patents, robotics, predictive analytics, 
and intelligent systems with environmental and sustainability performance reveal the potential of 
these technologies (Kartal et al., 2025; Kartal et al., 2026).  

Progress has been made but there are important gaps in research. Temporal dimension, including 
long-term resilience, adaptive capacity and value creation, is not explicit in the existing sustainability 
frameworks. Moreover, the recent literature on AI and sustainability typically focuses on the 
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environmental level, rather than on the project level, with the exception of a handful of exceptions. 
Existing project management tools also tend to assess sustainability aspects separately and fail to 
combine sustainability performance data, predictive analytics and long-term resilience in one single 
decision support application.  

Hence, a significant gap exists in the development of practical AI-enabled tools to operationalize 
sustainability frameworks in the field of project management. To address this gap, the present study 
introduces the 4P Framework, which builds on the Triple Bottom Line and adds a fourth dimension, 
Patience, and creates a machine learning based dashboard that combines sustainability indicators, 
predictive analysis and scenario simulation to facilitate sustainable project decision making. 

3.  METHODOLOGY 

3.1 Design Science Research Approach 

This study uses the DSR methodology in which new artifacts are designed and pilot-tested to address 
existing problems. The research objectives are the design of a new decision-support tool and the 
extension of theory on sustainability frameworks, which are suitable for DSR. 

3.2 Problem Identification 

From a review of sustainability frameworks and project management approaches, it became clear 
that there is a lack of a time dimension in current models and a lack of tools that incorporate 
sustainability in decision making. 

3.3 Objectives of the Artifact 

The dashboard was created to: 

 operationalize the 4P Framework 

 include real-time sustainability metrics in the integration 

 implement predictive analytics for future forecasting 

 support scenario simulation for evaluating trade-offs 

 ensure transparency of AI outputs with explainable outputs 

3.4 Artifact Design and Development 

A low-code application development platform with AI support was used to build the dashboard 
prototype, allowing for quick prototyping, interactive dashboard creation, and seamless deployment 
of integrated analytics. The platform allowed for the integration of structured enterprise information 
and unstructured stakeholder and sensor information into a one-source, one-decision environment. 

The following features were included in the design of the artifacts:  

 predictive analytics and KPI monitoring features 

 interactive sustainability performance assessor visualizations 

 automated data integration and workflow management. 

There are real-time monitoring features for strategic decision making. It was developed in an 
iterative approach that matched the DSR methodology, where the system functionality and usability 
was continuously evaluated, user feedback was incorporated, and improvements were made. 

Forecasting and anomaly detection features were included in the dashboard environment where 
applicable to enable performance monitoring, resilience analysis and long-term sustainability 
assessment of organizations under the 4P framework. 

3.5 Demonstration 

Using pilot project data, the artifact was demonstrated based on the following: 

• dashboard functionality 
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• predictive model behavior 

• scenario simulation outputs 

• internal consistency of 4P metrics 

3.6 Evaluation 

The Evaluation in DSR can be analytical, descriptive, or experimental. Given the fact that the 
dashboard is not yet implemented in the field, evaluation was carried out by means of: 

• functional analysis 

• internal logic assessment 

• scenario-based demonstration 

• Placing a focus on design goals 

3.7 Data and Metrics  

Structured (ERP, CRM) as well as unstructured (stakeholder feedback, sensors) data fed into the 
dashboard. The indicators for Key 4P are: 

 

Table 1: 4P Framework Metrics 

 

Source: (Authors’ illustration) 

Table 1 is crucial for the construct validity and for transparency of method. In each 4P indicator, the 
measurement approaches and data sources are listed (columns 3 and 4), guaranteeing that the 
metrics displayed in the dashboard are based on accepted analytical techniques and have a known 
data stream. This sort of detail is necessary in DSR to show that the artifact is operational and can be 
reproduced. 

4.  RESULTS AND DISCUSSION 

4.1 Dashboard Functionality  

The prototype dashboard integrates real-time monitoring, predictive risk alerts, and scenario 
simulation capabilities based on the proposed 4P Framework. Also, users can modify project 
parameters and immediately observe the resulting effects on the People, Planet, Profit, and Patience 
dimensions. To evaluate the functionality of the dashboard, a pilot test was conducted using selected 
sustainability metrics. 
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Table 2 presents the key metrics generated during the pilot test. The results indicate strong 
performance in the People dimension, particularly in skill development and stakeholder-related 
indicators. The Planet dimension showed moderate performance, with resource efficiency 
performing better than waste reduction and carbon-footprint measures. The Profit dimension 
revealed challenges related to budget adherence, while the Patience dimension highlighted 
opportunities to strengthen innovation capacity and long-term resilience. Overall, the table 
demonstrates that the dashboard can identify strengths, weaknesses, and trade-offs across the four 
sustainability dimensions. 

 
Table 2. Key Metrics for the Pilot-Tested Project 

Dimension Metric Result Observation 

People Team Satisfaction 95% Below target by 5% 

People Skill Development 80% Below target by 20% 

People Diversity Index 0.8 Moderate diversity performance 

Planet Waste Reduction 55% Below environmental target 

Planet Carbon Footprint 75 tCO₂ Further reductions required 

Planet Resource Efficiency 80% Relatively strong performance 

Profit Budget Adherence -15% Cost-control issues identified 

Profit ROI Moderate Resource inefficiencies observed 

Patience Innovation Pipeline 60% 
Innovation capability requires 
improvement 

Patience Long-Term Resilience 75% Moderate preparedness 

Patience Stakeholder Trust High Continued monitoring recommended 

Source: (Authors’ illustration) 

The prototype dashboard includes interactive scenario sliders and predictive risk alerts, and real-
time 4P dashboards. Users have the ability to make changes to variables and see the effects 
immediately in all Ps. Prototype dashboard was created with the help of an actual application. The 
figure 1 below shows the results for the pilot tested metrics. 

 

Fig. 1. Key Metrics for the Pilot-Tested Project 

 

Source: Generated by the author using AI-assisted visualization tools based on pilot project data 
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4.2 Pilot Test Findings 

The pilot test results showed that there were many strengths and areas for improvement in the four 
dimensions of the 4P framework. For the People (Human Capital) dimension, skill development 
scored 80%, which is 20% short of the target. There were opportunities for increased workforce 
diversity and inclusion as measured by a diversity index of 0.8. 

The achievement of waste reduction in the Planet (Environmental Performance) dimension was 
55% (20% short of the project target). The carbon footprint was at 75 tCO₂ and the resource 
efficiency was relatively good at 80% but there is a need to further reduce the environmental impact. 

The project had a budget adherence deficit of 15% in the Profit (Financial Performance) dimension, 
which indicates issues with controlling costs in the project. Furthermore, inefficiencies in the use of 
resources negatively affected return on investment (ROI). 

In the dimension of Patience (Long-Term Resilience), the innovation pipeline scored 60%, sugges-
ting a need to improve the innovation capabilities. The overall level of long-term resilience was rated 
at 75%, indicating moderate preparedness of the organization to face future challenges. Overall the 
level of trust from stakeholders was good, but was noted as a risk to be monitored to keep stakehol-
ders confident and supportive. 

These findings align with the dashboard’s cross-dimensional insights. The AI insights highlight that 
the organization is performing well overall but is being held back by slow innovation and skill gaps. 

 

Fig. 2. 4P Sustainability Dashboard for the Pilot-Tested Project 

 

Source: Generated by the author using AI-assisted visualization tools based on pilot project data 

 

The output of the pilot-tested 4P Sustainability Dashboard (People, Planet, Profit and Patience) is 
shown in Figure 2. The dashboard does so by adding the selected core metrics into composite 
performance scores, thus giving a multidimensional assessment of sustainability performance. 

The People dimension recorded a score of 85/100, which reflects good results on the aspect of team 
satisfaction, diversity and skills development. This indicates they have a positive work culture, and 
they are investing in employees and their development. 
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The Planet dimension received a score of 76/100, which was considered as moderate to strong. The 
metrics reflect progress in reducing carbon footprint, enhancing resource efficiency and minimizing 
waste generation, but there is scope to make further improvements in the environment. 

The Profit dimension had the top score of 88/100, reflecting good financial and business 
performance. Generally, the higher scores are in return on investment (ROI), revenue growth and 
budget management, the more financially sustainable the organization is and the more efficient it is 
operating. 

The Patience dimension had a score of 77/100, indicating good long-term sustainability capacity. 
This dimension reflects resilience over time, stakeholder trust and a healthy pipeline of innovation 
which indicates that the organization has put in place a reasonable framework for future adaptability 
and strategic continuity. 

The performance trend analysis also shows an overall positive trajectory over time in all four 
dimensions, indicating an improvement in sustainability performance over time. Furthermore, the 
radar chart representation provides a fairly even sustainability rating, with Profit and People having 
a higher level of performance and Planet and Patience requiring improvement in the future. 

In summary, the pilot tested metrics support the use of the 4P framework as a multi-dimensional 
instrument to measure the performance of organizational sustainability, in both social, 
environmental, economic and long-term strategic areas. However, further testing should be 
conducted on various projects for further analysis. 

4.3 Scenario Simulator Results 

The strategy decisions in the 4P dashboard were tested using the scenario simulator to see how 
these decisions affect the short-term performance and the long-term sustainability outcomes. It 
mimics the effects of strategic decision making on all 4Ps. The users can choose a scenario and tweak 
values to see trade-offs. 

Fig. 3. Scenario Simulator 

 

Source: Generated by the author using AI-assisted visualization tools based on pilot project data 

How the Simulator Works 

1. Each scenario simulates reallocating project resources differently. 

2. This bar chart represents the estimated 4P scores for each scenario. 

3. Make comparisons to the “Baseline” to explore the compromises between dimensions. 

4. Use the number inputs to fine tune any scenario's projected impact. 

5. In real projects, these projections would be driven by AI models, which would have been trained 
with historical data. 

4.4 AI Generated Insights 

Using AI, the 4P dashboard generated a series of diagnostic insights, showing the strengths, weak-
nesses, and long-term risks of the cost reduction project. These insights were generated using 
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predictive analytics, anomaly detection and cross dimensional reasoning on the People, Planet, Profit 
and Patience dimensions. The figure below shows the AI insights. 

 

Fig. 4. AI Insights 

 

Source: Generated by the author using AI-assisted visualization tools based on pilot project data 

 

The AI system has determined that the project is well developed in terms of the short-term 
performance and has a lack of sustainability in the long term. Fostering a high level of trust and 
satisfaction through the project, however, it is making a tradeoff between viability in the long-term 
and execution in the short-term. This indicates that the project is running well, but the innovation 
and resilience measures are declining over time.  

4.5 Discussion of Findings 

The findings show the potential for implementing the proposed 4P Framework at an operational 
level using an AI-powered dashboard. The pilot test showed that the project had a relatively high 
score in People and Profit, but not so in the Planet and Patience dimensions. The results indicate that 
although the short-term cost-saving measures might have adverse impact on innovation capacity, 
they could also have a negative impact on long-term resilience. 

The scenario simulation further revealed the trade-offs between sustainability aspects. While 
financially focused strategies improved short-term profitability, but it showed a decline in 
environmental performance and long-term resilience. The results point to the notion that 
sustainability assessment should go beyond just economic measures and explicitly include time. 

Additionally, the insights generated through the AI also highlighted the significance of predictive 
analytics in detecting potential threats and aiding in proactive decision-making. The dashboard 
allows project managers to gain a broader perspective on sustainability performance and future 
impacts by combining sustainability metrics with forecasting features. 

4.6 Theoretical Implications 

This study has three contributions to the sustainability and project management literature. It 
extends the TBL framework and introduce a new element, Patience, which stands for long-term 
resilience, adaptability, and sustained value creation to the mix, and is measurable. Secondly, it 
illustrates the way in which DSR can be applied to create sustainability artifacts that are infused with 
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AI. Thirdly, it connects sustainability theory and project governance, incorporating long-term 
foresight into project decision-making through the power of AI. 

4.7 Practical and Policy Implications 

On the practical side, the dashboard provides a framework for organizations to track their 
sustainability performance on social, environmental, financial and long-term resilience aspects. The 
dashboard will help project managers find trade-offs, predict risks and make better strategic 
decisions. 

Policy should promote the use of tools and methods for sustainability assessment supported by AI, 
which foster transparency and accountability, and long-term planning. Policymakers should also 
consider adding indicators for resilience to sustainability reporting frameworks and project 
governance processes. Additionally, there is a need for investments in digital infrastructure, data 
governance, and explainable AI mechanisms to guarantee that AI sustainability solutions are reliable 
and responsible. 

5. CONCLUSION 

This study extended the TBL with long-term resilience and adaptive capacity of the 4P Framework, 
and added a fourth dimension of the Patience. An AI-powered dashboard was created as a DSR 
approach to operationalize the framework using sustainability metrics, predictive analytics and 
scenario simulation. 

During the pilot evaluation, the dashboard proved its utility in guiding project decision making for 
sustainability, through the ability to highlight trade-offs between the dimensions of People, Planet, 
Profit and Patience, and its forward-looking ability. The results suggest that incorporating AI in 
sustainability assessments can help improve organizational resiliency and strategic foresight. 

This study has some limitations. First, the dashboard was tested for efficacy in a pilot setting instead 
of in a large-scale organizational implementation. Second, results are from simulated and pilot-tested 
data, which could be limiting to generalizability. Thirdly, the Patience dimension needs longitudinal 
validation in order to prove its reliability and predictive reliability in time. Lastly, the functionality of 
the dashboard is driven by the quality and availability of the data sources within the organizations 
and the interoperability of those sources. 

Future studies should conduct empirical testing in real industry and project setting with real 
datasets in the future. It is imperative to conduct a longitudinal research to evaluate the stability of 
Patience-related indicators and their relationship with long-term project success. Further studies 
could also explore the use of more sophisticated AI tools, like machine learning or generative AI, to 
boost the precision of forecasting and decision-making in sustainability management systems. 
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