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Abstract: Delay is the leading challenge in completing Engineering, Procurement, and 

Construction (EPC) projects. Delay can cause excess costs, which reduces company profits. 

The relationship between subcontractors and the main contractor is a critical factor that can 

support the success of an EPC project. The problematic financial condition of the main 

contractor can cause delay in payments to subcontractors. This research will set a model that 

combines the system dynamics and earned value method to describe the impact of 

subcontractor advance payments on project performance. The system dynamics method is 

used to model and analyze the impact of interactions between variables affecting project 

performance, while the earned value method is applied to quantitatively evaluate project 

performance and forecast schedule and cost outcomes. These two methods are used 

complementarily to achieve a holistic understanding of project dynamics and to optimize 

decision-making. The designed model selects the optimum scenario for project time and 

costs. The developed model comprises project performance, costs, cash flow, and 

performance forecasting sub-models. The novelty in this research is a new model for 

optimizing project implementation time and costs, adding payment rate variables to 

subcontractors and subcontractor performance rates. The designed model can provide 

additional information to assist project managers in making decisions. 
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1. Introduction 

Delay remains an issue in completing Engineering, Procurement, and 

Construction (EPC) projects. An EPC project is characterized by high complexity, 

large scale, long periods, and interrelated variables (Shafiei et al., 2023). The EPC 

contractor is responsible for completing the project on time and cost (Powmya et al., 

2023). An EPC project can be divided into smaller work packages and involve many 

subcontractors. The selection of subcontractors is crucial since it determines the 

quality of the project (Mohammadrezaytayebi et al., 2023). The delay problem can 

be caused by the main contractor’s financial difficulties (Sanni-Anibire et al., 2022). 

The main contractor’s financial difficulties can affect the subcontractor’s payment 

schedule. This can disrupt the subcontractor’s cash flow plans and impact progress. 

Decent payment determines the quality of work produced by subcontractors (Martin 

and Benson, 2021). 

Increases in material prices, financial difficulties, payment issues, supply chain 

processes, effectiveness of resource control, job changes, and job complexity 

influence delay and cost overrun (Jahan et al., 2022; Kusuma Dewi and Ramadhani, 

2023; Susanti, 2020). Lack of project monitoring and control can cause delay 

(Shrivas and Singla, 2022). Research (Omopariola et al., 2017) shows that a project 
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risk mitigation to prevent cash flow deficit requires contractors to rearrange down 

payments, monitor cash flow, and avoid fee delays. Research (Dabirian et al., 2021) 

states that cash flow can be predicted from the bidding stage, resulting in maximum 

profits for the project. The system dynamics method is applied to determine the 

impact of prevention and failure costs on construction projects’ Cost of Quality 

(COQ) and analyze design policies (Shafiei et al., 2023). System dynamics can also 

evaluate project change, error, and rework policies (2019). System dynamics can 

also be integrated with Building Information Modeling (BIM) to analyze project 

behavior cycles regarding changes in project scope (Porwal et al., 2023). Research 

on the financial aspect (Dabirian et al., 2021) is conducted by looking at the 

influence of monetary policy on project performance and increasing profitability. 

The two main strategies for achieving project success are resource and subcontractor 

management and technology adaptation to raise productivity (Powmya et al., 2023). 

The Lean Construction (LC) method is also applied to construction projects to 

reduce delay and inefficiencies (Anggraini et al., 2022). Advance payments can 

increase an organization’s effectiveness, competitiveness, and profitability 

(Omopariola et al., 2022). Earned Value Method (EVM) is recommended as a 

standard method for measuring the performance of construction projects (Leon et al., 

2018). 

In previous research, only a few researchers combined system dynamics with 

EVM. Combining these methods will mutually strengthen the results of project 

forecasting. A system dynamics will look at the impact of interactions between 

variables, while EVM is a method that can integrate schedule, cost, and project 

performance (Omopariola et al., 2017). Creating simulations helps decision-makers 

to predict project status and determine project monitoring strategies (Shafieezadeh et 

al., 2019). No research has yet investigated the impact of payments on 

subcontractors by combining system dynamic methods and EVM. This research will 

fill this gap by examining the implications of subcontractor payments on project 

performance forecasting. The timely payment of subcontractors is a critical factor in 

ensuring the smooth progress of Engineering, Procurement, and Construction (EPC) 

projects. Payment delays can disrupt subcontractor performance, causing project 

bottlenecks, increased costs, and schedule overruns. Although previous research has 

examined these issues separately—using either System Dynamics or Earned Value 

Method (EVM)—the absence of a combined approach limits our ability to fully 

understand the systemic impact of payment delays across all project variables. 

Addressing this gap is urgent, as it will provide a more comprehensive understanding 

of how payment delays affect project outcomes, thereby enabling more effective 

decision-making and project management strategies. 

By integrating System Dynamics with EVM, this study provides a more 

comprehensive model that captures the dynamic feedback loops between 

subcontractor payments and project performance. System Dynamics excels at 

modeling interactions between variables, offering insights into how these dynamics 

influence performance, while EVM tracks real-time cost and schedule variances. 

This combined approach enhances decision-making by predicting how different 

payment scenarios impact cost and time, allowing for more informed resource 

allocation and project momentum. The integrated model allows for scenario planning 
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and real-time adjustments, helping to proactively mitigate delays and control costs. 

Addressing this gap is essential for optimizing EPC project management, improving 

efficiency, and increasing profitability. 

The decision variable studied is the influence of receiving project advances 

from work owners and advance payments to subcontractors. The decision support 

system monitors project implementation so potential problems can be detected early 

and mitigated. Decision support system applications can also help management make 

decisions and provide an overview of the impact of decisions. The decision support 

system is expected to increase the success of project implementation so that it can 

increase customer satisfaction and other stakeholders and improve company 

performance. The novelty in this research lies in the development of a model by 

adding new variables in the system dynamics, namely payment rates to 

subcontractors and subcontractor performance rates, as well as calculating Estimate 

to Complete (ETC), Estimate at Completion (EAC), schedule variance, and cost 

variance. These variables are added based on the amount of work the subcontractor 

completes. The built decision support system model can help management make 

decisions more easily, quickly, and precisely to improve company performance and 

increase customer satisfaction and other stakeholders. 

2. Materials and methods 

2.1. Variable identification 

In the initial research, questionnaires were distributed to 11 (eleven) project 

managers who implemented projects from 2019 to 2022. The questionnaire designed 

to capture the perceptions of project managers regarding key factors in project 

performance, particularly those related to subcontractor management and payment 

issues. The questionnaire used a 1 (strongly disagree) to 5 (strongly agree) Likert 

scale and contained 40 variables that influenced delay and increases in project 

implementation costs. The variables were prepared based on historical data on 

project risk management from 2018 to 2022. To ensure the validity and reliability of 

the questionnaire, a two-step process was employed. First, content validity was 

assessed through expert judgment. Several experts in the field were consulted to 

evaluate the relevance, clarity, and comprehensiveness of the items in the 

questionnaire. Their feedback ensured that the questions effectively captured the key 

variables related to subcontractor performance and project management. Second, to 

test the reliability of the instrument, Cronbach’s Alpha was used. The reliability 

analysis yielded a Cronbach’s Alpha value of 0.966, which is significantly higher 

than the commonly accepted threshold of 0.70 for good internal consistency 

(Cortina, 1993). This suggests that the questions on the Likert scale consistently 

measure the intended construct, providing confidence in the stability and accuracy of 

the results. The combination of expert validation and a high Cronbach’s Alpha value 

confirms that the questionnaire is both valid and reliable for use in this research. 

Two variables were considered to have the most influence on project schedules 

and costs: limited company cash and delay in the arrival of goods. These two 

variables had a score of 53 and an average of 4.82. The process continued with 

interviews to get to the root of the problems in project implementation. Information 
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was discovered that late payments to the subcontractor caused a delay in the arrival 

of goods, so the subcontractor stopped the work. The delay in payments to 

subcontractors was also caused by limited company cash. One of the company 

policies that was implemented required every project to have a positive cash flow. 

2.2. Case study 

Project X is an EPC project with a scope of survey, procurement, installation, 

integration, and maintenance with a total job load of 100%. This project involves 

four subcontractors: two provide goods, and the other provides services. The project 

has a value of IDR 3972.17 million, with a target work duration of 12 months. The 

main contractor’s limited capital means it is necessary to simulate payments to 

subcontractors. The value of the down payment paid by the project provider will 

affect the time and cost of completing the project. Project X is the first stage of a 

development project to influence the progress of subsequent projects. 

2.3. System characterization 

The model built has five loops: project progress (Shafieezadeh et al., 2019) 

(Mayo-Alvarez et al., 2022), cash flow (Omopariola et al., 2020), cost realization 

(Dabirian et al., 2021), project performance (Leon et al., 2018), and performance 

forecasting (Leon et al., 2018). Project progress is depicted in an S curve, which is 

the accumulated value of work that has been completed. The cash flow loop 

describes money in and out to achieve progress. Cost realization is the total expense, 

including costs of material, service, personnel, bank, and fines if the project is 

delayed. The loops of project performance and performance forecasting are designed 

using the EVM method. The model provides an overview of project trends so project 

managers can make more comprehensive decisions (Oladimeji et al., 2020). This 

research uses two stages for modeling with the system dynamics method (Bottero et 

al., 2020). The first stage is the preparation of a Causal Loop Diagram (CLD), a 

conceptual model in research. CLD describes the causality relationship of variables 

in positive or negative polarity (Ecem Yildiz et al., 2020). The second stage is 

designing a Stock Flow Diagram, which changes the conceptual model into a 

quantitative model (Olivares-Aguila and ElMaraghy, 2021). The model built will be 

validated through expert judgment and output verification (Ecem Yildiz et al., 2020). 

Output verification is carried out by manually comparing the formulation results 

with the calculation of simulation results (Sriwana et al., 2020). Several assumptions 

are used in creating a system dynamics model to optimize project time and costs: 

⚫ There is no delay in payments received by the main contractor; 

⚫ No errors and rework occur in project completion; 

⚫ Materials are not stored in the warehouse, so they do not incur inventory costs. 

2.4. Causal loop diagram 

The cause-and-effect relationship in Project X is depicted in Figures 1 and 2. 

The realization of Project X’s progress depends on the performance of 

subcontractors and the accuracy of payment terms (Ahmadisheykhsarmast and 

Sonmez, 2020; Apbd et al., 2023; Susanti, 2020). The greater the cash-in received, 
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the greater the payment rate to subcontractors. Delay in applying work will influence 

the fines imposed by the work owner (Hou et al., 2022; Kocakaya et al., 2019). The 

resulting penalties will increase the costs incurred for project implementation and the 

cash-out that the company must spend. Fines can also reduce the profit targets that 

have been set. The work progress is monitored using EVM to predict project 

completion time and costs. The schedule and cost performance indexes determine 

schedule conditions and project costs. In contrast, schedule and cost variance 

indicators forecast project costs (Mayo-Alvarez et al., 2022). 

 

Figure 1. Causal loop diagram of project time and cost optimization model. 

The time and cost optimization model for Project X in Figure 1 has three 

reinforcing and two balancing loops. Loop R1 describes the relationship between 

project progress and cash flow. The relationship that occurs in Loop R1 is positive 

and reinforcing. Positive cash flow impacts subcontractor payments on time. The 

timeliness of payment will influence the average rate of subcontractor work. Loop 

R2 reinforces and describes the relationship between delay and total cost. If the 

project has a delay, a daily fine of 5‰ the project value will be imposed. Loop R3 

describes the relationship between costs and cash-out. The higher the project costs 

incurred, the greater the cash-out the project must spend. Loop B1 is balancing, 

meaning that the work rate will decrease as the realization of progress becomes 

higher (Shafiei et al., 2023). Loop B2 describes the relationship between the 

remaining budget and the realization of progress. The larger the budget deficit, the 

greater the delay in subcontractor payments. Loop B2 has a negative connection and 
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is balancing. 

 

Figure 2. Causal loop diagram of earned value method model of project time and cost optimization. 

Figure 2 shows the cause-and-effect relationship in the earned value method. 

The earned and planned values will influence the schedule performance index and 
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variance at completion. The project budget determines the budget at completion 

value. The higher the project budget, the higher the budget at completion. The 
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completion. 
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an auxiliary variable type with an initial constant value. The project scope will 

decrease as the work is completed. The project progress realization is described 

using a level variable type and is an accumulation of the work rate. Progress 

realization will be billed to the owner via invoice. The value and time for billing 

invoices have been agreed upon at the contract’s start. The invoice will be cash-in 

and will be used to work on the following progress. Project monitoring is carried out 

every month by comparing plans with realization. 

 

Figure 3. Stock flow diagram of actual progress. 

Table 1 shows the simulation formula used in the project progress sub-model. 

The scenario is to adjust the average subcontractor work rate. The average work rate 

of subcontractors will influence the overall project work rate. The accumulated work 

rate will be calculated based on the actual project progress. The remaining work is 
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Table 1. Project progress sub-model formulation. 
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complete. In the cost model, there is a delay criterion; namely, a budget deficit will 

cause a delay in cash-out payments to subcontractors. Table 2 shows the cost 

calculation formulation. 

 

Figure 4. Stock flow diagram of project cost. 

Table 2. Cost sub-model formulation. 

No Variable Formula Definition 
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= Cash out goods 1 + cash out goods 2 + cash out 

services 1 + cash out services 2 + total personnel 
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The financial value spent to complete the project. 

2 Actual cost = INTEG (Cost, 0) 
Realization of costs incurred for work performed on an activity 

during a specific period (operational cost). 

3 Cumulative cost = Actual cost + project fines Total operational cost realization and project fines. 

 

 

(a) Schedule and cost performance (b) Estimation for completion 

Figure 5. Stock flow diagram of project earned value method. 
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done after obtaining project progress and cost realization. Performance assessment 

uses the following variables: schedule performance index, cost performance index, 

schedule variance, and cost variance. This project performance measurement is used 

to see project trends and can be used to predict performance. Schedule and cost 

performance indexes are used to measure the efficiency of using time and costs in a 

project by calculating the ratio of plans and realization. Schedule and cost variances 

measure the difference between realization and plan values. Performance forecasting 

is calculated using the variables: budget at completion, estimate at completion, 

variance at completion, and estimate to complete. The budget at completion is the 

total budget to complete the project, and the estimate at completion is the total cost 

required to complete the project based on current performance. Estimate at 

completion estimates the costs needed to complete the project. Variance at 

completion provides information on the calculated difference between plan and 

realization costs. All variables in performance measurement and forecasting use the 

auxiliary variable type. 

2.6. Verification and validation 

The verification techniques used in this research are animation and Absolute 

Percentage Error (APE). The animation verification technique looks at the graphical 

results of the simulation results with actual project data. APE measures the absolute 

difference between predicted and actual values. This method uses absolute values, so 

it does not pay attention to polarity or direction of difference. The lower the absolute 

value percentage, the more accurate the forecasting data. The accuracy scale used for 

forecasting in this research is based on Lewis’s research, as in Table 3 (Montaño 

Moreno et al., 2013). Validation aims to see that the simulation results are by the 

actual system. The validation technique used is fast validation, which involves five 

experts. The experts involved have 4–13 years of project experience. 

Table 3. APE method forecasting error scale. 

No Error score Scale 

1 <10% Highly accurate 

2 10%–20% Good forecast 

3 21%–50% Reasonable forecast 

4 >51% Inaccurate forecast 

2.7. Scenario of decision 

Scenario development is a simulation stage to obtain alternative decisions for 

optimizing project implementation. The simulation is done with two scenarios and 

three conditions. Scenario 1 is that the project does not have capital and requires a 

bank loan. Scenario 2 is that the project has initial capital worth 20% of the project 

value. These two scenarios are combined with three conditions: payment to 

subcontractors. Payment to subcontractors is divided into advance payment and 

payment terms. Changes in payment values will see their impact on model behavior. 

Table 4 shows the alternative payment decision scenarios. 
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Table 4. Alternative decision-making scenarios. 

Description Advance payment Term I Term II Term III 

Cash in 
Scenario 1 0% 40% 24% 36% 

Scenario 2 20% 40% 24% 16% 

Term of payment 

Condition 1 20% 40% 40% - 

Condition 2 30% 40% 30% - 

Condition 3 40% 40% 20% - 

3. Results and discussion 

3.1. Result 

Table 5 shows the results of the system dynamics model verification. The 

variables Actual Progress, Actual Cost, Cash In, and Cash Flow have an error of 

<10%, so the forecasting is highly accurate. The calculations of the schedule 

performance index and estimate at completion have an error of 10% to 20%, so the 

forecasting accuracy is considered good. The indicators of the cost performance 

index and estimate to complete have accuracy within the reasonable forecast. All 

variables can be used in project performance forecasting based on the verification 

results. 

Table 5. Time and project optimization model verification results. 

No Variable Average percentage error Scale 

1 Actual progress 9.77% Highly accurate 

2 Actual cost 8.94% Highly accurate 

3 Cash in 8.15% Highly accurate 

4 Cash out 0.00% Highly accurate 

5 Schedule performance index 16.22% Good forecast 

6 Cost performance index 29.55% Reasonable forecast 

7 Estimate at completion 14.35% Good forecast 

8 Estimate to complete 23.96% Reasonable forecast 

Table 6. Simulation results of decision-making. 

Variable 

Scenario 1 Scenario 2 

Condition Condition 

1 2 3 1 2 3 

Project completion time (month) 12.6 11.1 10.6 12.6 11.1 10.6 

Total cost (million IDR) 3420.57 3120.65 2876.2 3259.73 2986.89 2750.84 

Project fines (million IDR) 367.73 - - 367.73 - - 

Profit (million IDR) 183.87 851.51 1,095.97 344.70 985.28 1221.33 

Estimate to complete (ETC) 12.23 2.82 1.57 12.23 2.82 1.57 

Estimate at completion (EAC) 3414.92 3399.69 3394.53 3266.64 3250.18 3244.8 

Schedule variants −12.23 −2.82 −1.57 −12.23 −2.82 −1.57 

Cost variants 467.56 433.35 383.33 172.131 188.59 193.97 
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Based on the simulation results presented in Table 6, a detailed comparison of 

each scenario reveals that Condition 3 in both Scenario 1 and Scenario 2 is the most 

effective in optimizing project performance. In terms of project completion time, 

Condition 3 reduces the duration to 10.6 months, which is notably shorter than the 

12.6 months observed in Condition 1. This demonstrates that Condition 3 provides 

the best time efficiency, which is critical for minimizing project delays and ensuring 

timely delivery. Moreover, Condition 3 also offers the most significant cost savings, 

with total costs of 2876.2 million IDR in Scenario 1 and 2750.84 million IDR in 

Scenario 2. These figures are considerably lower than the costs associated with 

Condition 1, making Condition 3 the most cost-effective option. The avoidance of 

project fines in Conditions 2 and 3 further strengthens the case for these conditions, 

as they mitigate the risk of incurring additional expenses due to delays. 

Finally, the profitability analysis highlights that Condition 3 yields the highest 

profits, with 1095.97 million IDR in Scenario 1 and 1221.33 million IDR in Scenario 

2. This increase in profit is a direct result of the reduced completion time and lower 

costs. Additionally, the Estimate to Complete (ETC) and Estimate at Completion 

(EAC) are minimized in Condition 3, reflecting the efficient use of resources and 

cost management. Overall, Scenario 2-Condition 3 is the most optimal scenario in 

project implementation is to receive a project advance of 20% and down payments to 

subcontractors of 40%. The scenario resulted in a project simulation completed in 

10.6 months, a cost of IDR 2750.84 million, and a profit of IDR 1221.33 million. 

The condition of paying a down payment of 0% to subcontractors will result in the 

project being late for 0.6 months and a fine of IDR 367.73 million. With an advance 

payment to subcontractors of 20%, the project does not have delay, but the costs 

incurred are more significant. 

To build on these findings, prior studies emphasize the critical role that early 

payments to subcontractors play in preventing delays and reducing financial strain in 

construction projects (Bolton et al., 2022). Delayed payments have been shown to 

negatively affect cash flow, which can result in project setbacks and elevated costs 

due to liquidity issues (Haron and Arazmi, 2020). Research conducted in both the 

UK and Malaysia highlights that payment delays remain a recurring problem, often 

causing financial instability and lower performance among subcontractors. In this 

study, providing down payments, particularly the 40% to subcontractors as seen in 

Condition 3, effectively alleviates financial pressures, supporting steady cash flow 

and contributing to shorter project timelines and reduced costs. The outcomes from 

Scenario 2 illustrate how early financial distribution can improve resource 

management and streamline processes, leading to more favorable project results. 

Moreover, the significance of these findings becomes clearer when comparing 

other payment strategies, such as the 0% or 20% advances to subcontractors, which 

led to either delays or increased costs. These observations are consistent with 

previous studies that stress the importance of cash flow stability in achieving project 

success (Haron and Arazmi, 2020). Prompt payment releases, as evidenced in 

Condition 3, not only lower the likelihood of fines resulting from delays but also 

enhance profitability by improving cost control and resource efficiency. By 

integrating such early payment methods, projects can better avoid the financial 

bottlenecks that often lead to delays, which is also supported by research from 
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Trinidad and Tobago, where timely interim payments were found to be essential in 

maintaining project progress (Peters et al., 2019). 

3.2. Practical application 

Based on the findings of this study, several actionable recommendations can be 

made for project managers and policymakers in the construction industry. Firstly, to 

mitigate the risk of project delays and cost overruns, project owners should consider 

implementing a structured advance payment system. This study has shown that 

providing a 20% advance payment to main contractors and a 40% down payment to 

subcontractors can significantly reduce cash flow bottlenecks, leading to improved 

project timelines and profitability. To further enhance project performance, future 

projects should consider implementing staggered payment systems that align with 

project milestones, as this would allow better synchronization of cash flow with 

project progress. Such an approach could be especially beneficial in industries with 

tight deadlines, like infrastructure or public sector projects. 

Furthermore, contractors should also explore the integration of digital contract 

management tools, such as smart contracts, to automate payment releases based on 

pre-agreed milestones. This can further ensure timely payments and minimize 

disputes that often cause delays. Finally, policymakers may need to revisit existing 

payment legislation and contractual solution to provide stronger legal frameworks 

that enforce prompt payments in EPC projects. 

The following suggestions can be considered in optimizing project time and 

costs: 

⚫ use past performance data for project forecasting; 

⚫ consider the smallest cost if the project completion time is faster than planned; 

⚫ increase work rate to reduce gaps if schedule variance is negative; 

⚫ review the project cash flow if the cost variance is negative; 

⚫ use a real time project monitoring to accelerated decision-making; 

⚫ increasing the down payment to subcontractors can help prevent cash flow 

disruptions and project delays. 

3.3. Model limitation 

The system dynamics model will be more useful when an intervention is 

introduced to illustrate the impact of decision-making. In this study, the intervention 

is represented by changes in the cash-inflow scenarios and terms of payment, as 

illustrated in Table 4. This model cannot describe all factors that arise during the 

project cycle. The forecasting process is based on documented project data and does 

not consider unexpected factors such as errors, rework, weather changes, exchange 

rate fluctuations, etc. The model built can provide insight to the project team as 

additional information in making decisions. 

3.4. Implication 

The implication resulting from this research is to obtain a new model for 

optimizing time and costs. The model is designed by adding variable payment rates 

to subcontractors and subcontractor performance rates. Decision support systems can 
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help project managers make better decisions regarding management, project 

scheduling, and appropriate resource allocation. Controlling down payments can also 

help project managers to control project cash flow and avoid financial disruption. 

The decision support system can also help companies see real-time project 

performance and support accelerated decision-making. This supports companies to 

optimize project schedules and costs so that they can improve company performance. 

4. Conclusion 

Delay is a significant challenge in completing EPC projects. Delay in 

completion often causes losses to the company. Subcontractors have an essential role 

in completing projects. Delay in payments to subcontractors can slow down 

progress. This research designs a model to describe the impact of subcontractor 

down payments on project performance. The model is designed by combining the 

system dynamics method and the earned value method to provide a more 

comprehensive understanding of how payment delays affect project outcomes. The 

system can be used to select the most optimal project time and cost scenario. The 

most optimal scenario for Project X is scenario 2 and condition 3. Scenario 2 is when 

the project has the capital to run the project by receiving a 20% down payment. 

Condition 3 is a 40% down payment to the subcontractor. Scenario 2 and condition 3 

result in a project simulation completed in 10.6 months, a cost of IDR 2750.84 

million, and a profit of IDR 1221.33 million. The most unfavorable scenario is 

condition 1 since the project has delay and is subject to fines. Based on the research 

results, to avoid problems with delay, it is best to conduct forecasting analysis and 

performance monitoring periodically, considering the value of down payments to 

subcontractors. 

Further research can be continued by analyzing the work breakdown structure. 

Identification is helpful for the simulation to focus on critical project activities. 

Another limitation of this research is that the data on the number of personnel is only 

based on project plan data. Future research can use real data of total personnel and 

analyze the productivity of each personnel. This research can be used to monitor 

projects to reduce the risk of delay so that further research can combine performance 

measurement analysis with the addition of critical path method analysis. 
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