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Abstract

This research was conducted to analyze the impact of construction costs and traffic volume as the main parameters to the feasibility of
an investment project with a case study on part of the road of the Sumatran toll road network, located on the Island of Sumatera, which
is one of the largest islands in Indonesia. Financial analysis uses indicators of Net Present Value (NPV), Internal rate of return (IRR)
and Benefit Cost Ratio (BCR). Investment costs are based on current actual conditions, while revenue is derived from the realization
of traffic volume crossing the toll roads. The results of the analysis show that due to the high increase in investment costs accompanied
by a decrease in income due to the large difference in traffic volume projections, the project that was originally feasible change to
financially not feasible. Therefore, further efforts possible are needed to make the investment feasible. The results show that the
required increasing toll tariffs is 1.996 times higher than the initial one, while the extension of the concession does not show any
improvement in financial feasibility. Therefore, a proposal is needed so that the tariff is according to the ability and ability of road
users while maximizing the potential for non-tariff income.
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1. Introduction

Provisioning of reliable infrastructure facilities is needed to increase connectivity as well as supporting national economic growth.
However in the implementation it has not been maximally fulfilled due to limited funds from the Government. Based on data from the
Ministry of National Development Planning/Bappenas of Indonesia, the major project funding plan for five years (2020-2024) is around
IDR 6,555.8 trillion. Financing from PPP/BUMNY/Private/Community is estimated to be the largest source of funding with a
contribution of 73.4 percent of the total funding needs or around Rp. 4,814.9 trillion. Therefore, a study on the evaluation of the
feasibility of infrastructure projects, especially from a financial perspective, is important considering that one of the main requirements
to attract the private sector to participate in its development and management is that the projects offered must be financially attractive.

From the point of view of the private sector involvement in the development of infrastructure project is to get a decent return on
their investment. Therefore investments in infrastructure projects need to be carefully studied, especially for projects whose funding
involves the private sector. Infrastructure projects can be classified as large-scale construction projects which use large resources in
the form of money, materials, labor, equipment and time. The projects are often characterized with long term investment (20-50 years),
sunk cost, requires large of financing at the beginning years with slow returns [1]. From a financial perspective, the biggest financing
for infrastructure projects is the construction cost, while revenue estimation is the key to determining the feasibility of a project.

Estimating construction costs and initial traffic volume are an important element of a feasibility analysis. The risks associated with
the feasibility analysis are the risk of cost increase because of unseen factors (e.g., geotechnical problems) and the risk of income where
the projection is too excessive [2]. Inaccurate cost calculations and missed revenues may cause failure to infrastructure projects and
changed the project that was originally feasible change to financially not feasible. According to Wirahadikusumah et al, errors in
estimating construction costs and inaccuracies of traffic volume include risks with a high level of probability rating and having a major
scale of impact which can affect costs, quality and schedule of project completion [3]. Infrastructure projects with combination
problems of increasing costs together with a fairly significant amount of income reduction tend to cause serious problems for investors
and end users, so that the resolutions often require direct intervention by the government or their funders. Studies on several projects
regarding this problem have been carried out by [4-6].

There many effort to improve the financial viability of toll road. The Supported Built Operate and Transfer (SBOT) is effective to
be granted for toll roads that need high investment cost and low revenue [7]. Other investment grant such as shadow toll could be used
as alternative under certain condition [8]. However, any attempt that involves government assistance to increase the investment viability
of a project is usually planned and evaluated from the start and requires special regulations before being established.

This research was made to provide an overview of how construction costs and revenues affect the financial feasibility of a toll road
project, further effort would be suggested to improve investment feasibility, especially for projects that are already in the
constructionstage. Furthermore, this research is expected to make all parties involved in the project, especially potential investors, to
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be more carefully at the feasibility stage when analyzing field conditions and predict realistic income before making investment
decision.

2. Materials and methodology
2.1 Literature review

In order to attract the private sector to involve in infrastructure projects then the selected projects to be concerned must be
financially viable. Financial feasibility is defined as the feasibility of a party to perform the chosen projects from a financial perspective.
Investment costs incurred by investors must be able to deliver toll roads to meet the specification criteria or quality as required, return
investment capital, operating and maintenance costs and a reasonable profit. Based on [9], the capital or cost invested must show the
potential to generate economic returns to investors at least equal to those available from other investments with similar risk, i.e., the
rate of return must be the same or higher. Therefore, the accuracy of the estimated operating costs and the expected traffic revenue
forecast is very important to check the financial feasibility of an investment activity [2].

Aspects that affect financial feasibility are project costs, toll rates and operational-maintenance costs [10]. The overall project cost
is the sum of all costs incurred by a project which in general includes, the cost of land acquisition, design, construction, supervision,
concessionaire fee, loan interest costs, operating costs, maintenance and rehabilitation. Toll rates are set by referring to the previously
obtained contractual agreements based on the ability and willingness approach from the prospective road user. The toll revenues are
then obtained from the estimated traffic volume multiplied by the tariff for each vehicle class. Operational and maintenance costs are
determined based on a certain percentage of income [11]. Project costs, traffic volume, income and financial structure as determinants
of the composition of equity and debt financing are used as a primary data in the toll road financial model [12]. Financial cash flow in
the form of disbursements of cash out and receivable cash in is then created during the analysis period (concession period) to produce
financial analysis indicators.

For toll road project investment, the balance of cash flows requires a huge amount of financing in the first beginning years to
complete the construction activities, after which revenue begin to start when construction is completed or part of the toll road could be
operated. Toll revenue depends on the volume of traffic passing through the toll road. The accumulation of costs incurred and benefits
obtained from an infrastructure project follows the curve pattern shown in Figure 1, the pattern shown at the figure is called the J curve.
Its describes the large funding needs so that cash flow is negative in the first few years of the investment and then income or positive
cash flow will gradually increase [13-15]. For a feasible investment project, the return on investment occurs when the income can cover
all investment costs that were previously incurred before the concession period ended. The faster the returns, the longer the benefit
period can be enjoyed by investors [16] as shown in Figure 2. Conversely, if there is a high increase in costs and a decrease in income,
it is likely that the return will not occur during the concession period, as shown in Figure 3.
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There are two variables determining the financial feasibility of toll roads, that are to mention, investment costs and traffic volume
passing through toll roads. These two variables must be considered carefully, especially during preliminary studies to reduce the risk
of changing investment feasibility. Construction costs are the largest component of project costs, an increase in project costs that
exceeds 20% so that it requires a large additional funding may threaten the project's success [3]. Another variable, traffic projection, is
the weakest point in the analysis of a feasibility for a transportation project so that it can make the analysis invalid [2, 17] in their
research for 170 highway projects, found that 50% of them had traffic prediction errors of more than 20%. Errors in traffic predictions
cause the benefits or income in cash flow to decrease because there are fewer toll road users than expected [18].

A notable increase in project costs and a decrease in revenue realization can cause a project that was originally feasible to become
financially unfit. Tsukada given example for some toll road project in Mexico, Chille, United States and China, which suffering from
rising construction cost and falling revenues [5]. Kumaraswamy and Zhang examined a case with the same problem for a bridge
infrastructure project in Laos [4]. Chen et al. examines a high-speed rail construction project in Taiwan which is experiencing a decline
in the number of passengers [6]. For the above cases the solution of the problem often requires government or main stake holder
interventions or renegotiation with the financier [4-6].

This research specifically discusses the effect of construction costs and traffic volume on the financial feasibility of an ongoing toll
road project, and provides general suggestions how to improve financial viability.

2.2 Methodology

The method used in this research is quantitative methods with financial analysis. Financial feasibility analysis using indicators of
Net Present Value (NPV), Internal Rate of Return (IRR) and Benefit Cost Ratio (BCR). Although each party may have its own specific
tools to analyze the robustness of a project and the best way of structuring the financing, the aforementioned indicators are the most
used and recognized for project finance [9]. The supplementary BCR added to address aspect form economic evaluation. The equations
for operating cash flows before financing (OCFBF), NPV, the IRR and the BCR are presented in Equations 1-4, respectively [11]. The
NPV is the sum of the present values of cash flows during the life cycle of a project using the time value of money, which reflect the
value of money of the project in present value terms. The IRR is a rate of return used to measure the probability of capital investment.
The BCR is to summarize the overall relationship between the relative costs and benefits of a proposed project.

(1) For OCFBF,
OCFBF = Operating Cash flow before financing
= Operating revenues+Other revenues-Construction cost-Fixed operating

Cost-Variable operating cost-Corporate Tax (w/o interests of debt and subsidy)-Other tax Equation 1

(2) For the project NPV

(OCFBF); .
NPV = z A+ Equation 2

Where, r = the minimum project IRR for different financial market, N = the end year of concession, | = the first year of construction,
io = base year.

(3) For the IRR

X\ (OCFBF);

LA AEL ) Equation 3
_ (1 +IRR)! auation
L

Where, i = the i th year of concession, 1 <i <ni, N = the end year of concession.
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(4) For the BCR

N B;

BCR = Equation 4
G

N

=0(1+47)t
Where, i = the i th year of concession, 1 <i<ni, N = the end year of concession, Bi = benefit at the i year, Ci = cost at the i year.

The investment cost component comprises land costs, design costs, construction costs and toll facilities, toll equipment costs,
supervision costs, escalation costs, VAT, overhead costs, financial costs and interest costs during the construction period (IDC). For
the variable component of income, it is obtained from the average volume of daily traffic multiplied by the tariff fee for each class of
vehicles (traffic revenue) and other income, assuming the amount of 1.5% of traffic revenue. Investment cost and income data are
secondary data for calculating financial analysis. The analysis period is according to the concession period given that is 40 years. The
analytical conceptual framework for calculating financial analysis is shown in Figure 4.
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Figure 4 Conceptual framework of financial analysis.

Evaluation is done by comparing the planned financial analysis with the actual results. The actual condition in which investment
costs have increased and the volume of traffic passing through toll roads has decreased. If the results of the indicators show inadequacy,
further attempts are needed to improve financial feasibility. The simulation of feasibility improvements that may be carried out in this
case study are three options, that is to mention 1) increasing tariffs; 2) concession extension and 3) tariff increase according to the
willingness and ability of the prospective users with additional non-tariff revenue optimization.

3. Result and discussion

This research was conducted with a case study of an investment projects which is part of the Trans Sumatra Toll Road network,
located on the Island of Sumatra as one of the largest islands in Indonesia. This infrastructure project in reality utilize funds that comes
entirely from state owned business entities. Table 1 presents the assumptions required for the purposes of financial analysis applicable
to the case studies. The assumptions based on Toll Road Concession Agreement (PPJT).

Table 1 Case study data assumptions

Asumption Quantities

Ratio tariff Gol L:I1L:1EIV:IV : 1.0:1.5:2.0;2.5:3

Initial tariff of Gol | : 833 Rp/km

Tariff increases : 13%

Interval of tariff increases : Every 2 years

Escalation of construction cost : 6.5% per year

Concession periods : 40 years

Traffic growth : 12.59% first year
13.50% second year
9.61% Third year
4.30% 4™ to 18t year
3.80% 19" to 22" year
3.00% 23" to 28" year

2.00% 29 to 33" year

1.80% 34" to 38" year

1.60% 391" to 40™ year
Cost of O&M 15% from the toll income
Other revenues 1.5% from the toll income
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Due to changes in construction methods caused by unpredictable field condition resulted in an increase of project costs and delayed
work completion. Changes in project costs as shown in Table 2, with project investment costs increased by 36.53%.

Table 2 Investment costs (in Rp. million)

Desription Initial Actual % increase
Investment cost 14,398,930 19,658,430 36.53

Revenue data is obtained based on the volume of average daily traffic crossing toll roads. The actual percentage towards forecast
data is shown in Table 3. Based on the actual condition, the daily traffic volume on the toll road has decreased. The actual traffic
volume data is obtained from part of section length of the toll roads that have been operated, which is 38%. Although the data is only
obtained from partially operated sections, by comparing the estimated traffic volume and the actual volume it is clear that the actual
traffic volume is much lower than expected. The financial analysis will then be calculated based on the assumption that traffic volume
decreases by 50% of the estimated volume.

Table 3 Percentage of actual to the projected daily traffic in the case study project

Average daily traffic of year 2020 (Vehicle/day)

Volume of traffic

Projected Actual* Percentage**

April 21,344 7,303 34.22%
May 21,344 6,804 31.88%
June 21,344 9,288 43.52%
July 21,344 11,040 51.73%
August 21,344 12,692 59.46%
September 21,344 11,580 54.25%
October 21,344 11,970 56.08%
November 21,344 10,159 47.60%
December 21,344 10,039 47.03%

* Based on counting by the toll road operator
** Percentage of actual to the projected daily traffic

Investment cost and income data over the next 40 years concession period is used to generate cash flows to calculate the financial
viability. The results of the cash flow calculation are shown in Figure 5.
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Figure 5 Investments cash flow of actual to the initial.

Figure 5 shows that the initial cash flow plan starts to be positive in year 4 while the actual conditions shift in year 8. As the actual
condition where the cost investment increases with delayed construction completion and vehicle volume fell below initial prediction
causes the reduction of annual net cash flow. This happened due to smaller cash income each year but have to cover the investment
cost that is greater than the initial estimate. This is in line with [19] where the investment cash flow curve that produces high returns
will cut the x-axis earlier, on the other hand, the investment returns will be lower and the cash flow curve will be closer to the x-axis.

The investment cash flow data during the concession period is then used for financial analysis. The results of the evaluation of the
actual financial indicators towards the plan are shown in Table 4. From Table 4, the financial analysis shows the infeasibility where
the IRR fell by 48.33% against the initial IRR, the NPV turned into a negative value and the BCR value below 1. The result of financial
indicators shows that the project investment requires efforts to restore the financial eligibility.

Further improvement efforts to improve the financial indicators will be made by the three simulation. The result shown in Table 5.
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Table 4 Actual financial indicators to the initial

Description Initial Actual

Financial Ratio

e Equity 30% 100%

e Loan 70% 0%
Interest rates 13% 11.50%
Initial average daily traffic

e  Sectionl 21,344 10,672

e  Section 2 27,972 13,986

° Section 3 19,795 9,898
Base year of operation 2017 2020
IRR 16.45% 8.50%
NPV (Rp. Million) 7,000,502 -5,744,980
BCR 1.87 0.61

Table 5 Improving financial indicators

Condition NPV (Rp. Million) IRR BCR
Increasing initial tariff 2,493,445 12.50% 117
Extending the concession periods -4,129,969 9.83% 0.72
Setting initial tariff based on ATP and WTP limits -586,476 11.25% 0.96

The first simulation, i.e. changing the initial tariff rates for each vehicle. From these three financial indicators in this research, IRR
was chosen as the main reference for financial feasibility, with a more measurable consideration in percentage according to investor
management decisions. By setting the minimum IRR at 12.5% according to the business plan for this toll road then the required of
tariff increases will be 1.996 higher than the initial one.

The second simulation is by extending the concession period scheme for a maximum of 50 years which is most suite under
Government Regulation of Indonesia (PP) No. 27 of 2014 regarding Management of State Property. Concession extensions can be
carried out if the risk factors determined by realization are worse than expected or shortened otherwise, for example, if market demand
is lower than estimated, the concession extension can be extended so that investors can get additional income and vice versa [20].
According to Zhang, the concession period must be sufficient for investors to obtain a reasonable IRR [21]. The financial feasibility
indicator is calculated based on the extension of the concession. With the concession extension scheme, road users and the government
hope that the initial tariff will not increase, therefore the analysis in this scheme uses the initial tariff according to plan, but the initial
traffic volume of vehicles is assumed to decrease by 50% close to the actual condition. The investment cost outflows and net cash flow
of income during the 50-year concession extension are shown in Figure 6.
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Figure 6 Net cash flow conditions for concession extension

Based on Figure 6, the additional concession makes the revenue period 10 years longer than the original concession, but still the
actual investment curve is closer to the x-axis than the initial plan and tends to produce lower returns. As shown from Table 5, it can
be seen that extending the concession period to 50 years could not make the investment return feasible, with the sign of negative NPV,
IRR still smaller than the discount rate of 11.50% with BCR value less than 1. Concession extensions are generally not attractive to
investors because the reduction in tariffs on concession extensions is very small, meaning that after the first 50-year concession period,
it does not bring a significant effect.

The increasing tariff should be compared with the maximum tariff limit by considering the ability to pay (ATP) and willingness to
pay (WTP) of the prospective road users obtained from the consultant data [22]. The comparison of the initial rates, proposed and based
on the relationship between ATP and WTP is shown in Table 6.
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Table 6 Simulation of changes in toll rates on plans and ATPWTP relationships

Vehicle tariff (Rp. /km)

Tariff based Gol | Gol 1l Gol 111 Gol IV Gol V Change of tariff
Initial 833 1.250 1,666 2,083 2.499
ATP WTP 1350 2,035 2700 3.350 4,050 1,620 times
Match IRR 1662 2495 3325 4157 4,987 1,996 times

Based on the results shown in Table 6, it is found that the increase in rates to meet the investor's IRR has exceeded the ATP and
WTP tariff limits, where the tariff has increased by 1.996 compared to 1.620 times the initial rate.

Efforts to improve feasibility by increasing tariffs can be made up to a certain limit that is acceptable to prospective road users.
Determination of toll road rates is related to studies of the willingness and ability to pay from potential user [23-25]. Therefore, for the
third simulation, financial feasibility improvements were carried out with the assumption that the initial tariff determined as closed
with the obtained from the ATP WTP relationship. As shown in Table 5, it is found that the financial indicators still show inadequacy.
The NPV calculation shows a deficiency of Rp. 3,091,208,000,000 to achieve an IRR of 12.50%. Therefore further attempts are needed
to improve financial viability. One of the attempts that can be taken is by optimizing potential revenue outside of tariffs or developing
non-toll road businesses. Non-toll business development is carried out by optimizing assets through business development in toll road
corridors or business development by utilizing investor resources.

Non-toll business development is carried out by making all assets owned by investors, both tangible and intangible assets, to
generate profits. Business development can be done alone or in collaboration with strategic partners. Business development that can
be taken, among others:

1. Toll road corridor area development

2. Development of rest areas and services and tourist service Places.

3. Advertising and utilities installation.

4. Providing solar power plants.

4. Conclusions and suggestions

One of several ways to attract the role of the private sector to be involved in infrastructure projects is that investment in projects
must have a higher rate of return which is reflected in the feasibility of financial indicators. Project costs act as the largest investment
component which expended at the beginning of the year of implementation and the relatively slow recovery of toll revenues are key
components that play an important role in evaluating whether or not an investment project is feasible. Inaccuracies in the preparation
of construction costs and missed revenue predictions have an impact on investment projects that lead the initially feasible to become
unfeasible. More attempts need to be made if the investment project becomes financially viable. Attempts to increase the initial tariff
cannot be implemented without paying attention to the willingness or abilities of road users and the approval of the government.
Meanwhile, the extension of the concession period may not necessarily make the investment feasible if the difference of investment
costs and revenue between actual compared to initial are found too large.

Although the research has reached its aim, still there are some unavoidable limitations. First, because of the project still under
construction therefore the assumptions for the actual traffic volume applied to all of the toll road segment tends to be conservatively
low. So to improve the estimated financial feasibility the research should be continued until the toll has been fully operated. Second,
the proposed business development should be undergo through separate research to obtain more quantitative result. Finally, the
research also designed to explore that the estimated construction costs and revenues cannot be taken lightly since both aspects can
drastically change the financial feasibility of toll roads.
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staff in engineering department of PT. Waskita Karya. | would also like to show my deep appreciation to my supervisors who helped
me finalize my project.
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