
Comparative Study of Prospective PPP 
Models for Highway Projects of India 

Naimish Bhatt and Debasis Sarkar 

Abstract Infrastructure is necessary for any development, and for development, 
finance is required. Therefore, the government introduced the public–private part-
nership in infrastructure development to fulfill the need for finance. Generally, in 
India, three basic models, namely EPC, BOT (toll), and BOT (annuity), are adopted 
to fulfill infrastructure needs using private investment. As a result, they will get a good 
return on investment. However, due to specific terms and conditions of finance and a 
few government loopholes, the private firms interest is declining in PPP infrastructure 
development, particularly in the road sector. Therefore, the government introduced 
a new model in January 2016, the Hybrid Annuity Model (HAM), in the road sector, 
combining EPC and BOT (annuity). In the present study, a financial study has been 
carried out for three different PPP models for a case study of Porbandar-Dwarka. 
HAM is the best suitable model for a financial return on investment and the devel-
opment of new infrastructure in low traffic, a region having only religious and social 
importance. 
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1 Introduction 

Over the past few years, Indian road (highway) segments have been experimenting 
with PPP challenges. However, the policy has reduced the enthusiasm of private 
investors for road infrastructure development since 2015. With the private sector’s 
subsidized evaporation, the government depended on engineering, procurement, 
and construction (EPC) (Press Information Bureau 2016). In 2015, the govern-
ment proposed the Hybrid Annuity Model (HAM) as a mid-way component to
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renew private sector interests in the roadway portion (Press Information Bureau 
2016). The HAM model is supposed to be a mixture of the traditional EPCs and 
the different long-term concession framework variations that can conceive different 
risk allocations. The present study will discuss the financial aspects of India’s best-
adapted three PPP models to develop road infrastructure. Financial aspects of Build, 
Operate, and Transfer (BOT-Toll), BOT-Annuity, and Hybrid Annuity Model (HAM) 
are compared, and the best adoption feasibility of the HAM model is discussed. 

1.1 Significance of HAM 

(a) This model is best suitable for attracting private investors where low traffic is 
observed and a need to develop a particular corridor for some important reason. 

(b) 40% of Bid project cost, as cash support during construction period payable to 
the concessionaire by authority after achieving different milestones mentioned 
in the agreement. 

(c) The concessionaire must bear 60 percent of the bid project bill during the 
construction phase. 

(d) Inflation-indexed project costs are the weighted average of the Wholesale Price 
Index (WPI) and the Factory Workers’ Consumer Price Index at 70:30. 

(e) Toll collection is the responsibility of authority, and O&M payments made by 
authority as quoted in the agreement shall be inflation-adjusted. 

(f) The concessionaire period consists of two major parts: (i) the Construction 
period and (ii) fixed one year of operation. 

2 Methodology 

There is a need for a new model for attracting private investors in road development 
via PPP mode, which leads to adopting the new model, which gives a better return on 
investment. Here, we are analyzing the HAM model from the data available. First, we 
calculate the net present value (NPV) and internal rate of return (IRR). The following 
methodology was adopted for the analysis: 

Step 1: Cash Flow Diagram 

Engineers use the cash flow diagram as a guide that displays cash transfers during 
the project. Initial funding, service, operating costs, project earnings or savings, etc., 
are included. 

Step 2: Net Present Value 

The net present value (NPV) of a project is the sum of the actual values of all the 
cash flows expected to happen over the project’s life. The general formula for NPV 
is
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NPV = 
n∑

t=1 

Ct  

(1 + r )t −Initial investment (1) 

Ct = the cash flow at the end of the year t, n = life of the project, and r = discount 
rate. 

A good NPV means that the investment’s gain increases the estimated expense 
and would be profitable. A negative valuation of the NPV, on the other hand, results 
in a net investment loss. 

Step 3: Internal Rate of Return 

A project’s internal rate of return (IRR) is the discount rate, making its NPV equiv-
alent to zero. In other words, the discount rate contrasts the actual value of potential 
cash flows with the original investment. For example, it is the value of r in the 
following equation: 

Investment = 
n∑

t=1 

Ct  

(1 + r )t = 0 (2)  

Ct = the cash flow at the end of the year t, n = life of the project, and r = internal 
rate of return. The IRR is the value of r, which satisfies the following equation; 

Investment = P1 

(1 + r ) +
P2 

(1 + r )2 +
P3 

(1 + r )3 +  · · ·  +  Pn 

(1 + r )n (3) 

In general, to get a higher percentage of return on their savings, investors go for 
a higher IRR value. But, again, the IRR value depends on the project types, whether 
they are single or many. 

2.1 Case Study and Data Collection: 

The National Highway Authority of India (NHAI) has taken up the upgrade of the 
existing two-lane road from Km 356.766 (design chainage km 379.100) to Km 
473.000 (design chainage km 496.848) in the State of Gujarat to four lanes with 
a paved shoulder layout of the Porbandar-Dwarka portion of NH-8E. The length of 
the project is 117.748 km (Fig. 1).

The present study’s main objective is to establish the project’s technical, envi-
ronmental, and social viability and prepare the detailed project report to upgrade 
the existing two-lane road to 4 lanes configuration. The socio-economic analysis’s 
primary purpose is to provide an overview of the state’s socio-economic set up 
and the related status of the project influence area within the state. The details 
include the present status, past performance, and the economy, population, and 
urbanization perspective. In addition, the profile depicts the spatial distribution of
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Fig. 1 Location of road Location of Road-Project Case Study

economic activities. It is observed that over 80 percent of the vehicular traffic on 
the project corridor originates or terminates in the State of Gujarat. Therefore, the 
socio-economic analysis of the broad influence area is confined to this state. 

3 Result and Discussion 

It would help assess a project if you calculated the applicable cash flows and the incre-
mental after-tax cash flows associated with the project. Three essential elements form 
the cash flow stream of a traditional project: (1) Original investment, (2) Operational 
cash inflow (3) Terminal cash outflow. A diagram noted as cash flow allows the 
representation of the cash inflow and outflow graphically. Figure 2 shows that the 
timeline is represented with a horizontal axis and subdivided into duration into days, 
months, or years. Every cash flow represents payment or receipt against the line at 
the end of the duration. An upward arrow represents the positive cash flow, and a 
downward arrow reflects the spending over the projects.

Here, Figs. 3, 4, and 5 show cash flow diagrams for the different cases consid-
ered under study. BOT (toll), BOT (annuity), and HAM, three models used for PPP 
projects, are considered for the case study, and all three are analyzed for cash flow and 
calculating the values of NPV and IRR of the project. The cash flow diagram for BOT 
(Toll) is shown in Fig. 3, which shows an initial investment, and after that gradient, 
the cash inflow demonstrates a gradual increase every year. Similarly, for the case
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Fig. 2 Cash flow diagram

of BOT (annuity), Fig. 4, annuities are 20%. Therefore, the BOT (annuity) model 
displays a flat income source and is represented by its cash flow diagram. Figure 5 
shows the newly adopted hybrid annuity model (HAM) for PPP road construction 
and a gradual decrease in the cash inflow, and simultaneously cash outflow is also 
reduced.

For the evaluation process of the expenditure, NPV and IRR are used. Net present 
value (NPV) discounts the actual value of the stream of projected cash flows asso-
ciated with the planned investment and provides the project with a cash surplus or 
deficit. The internal rate of return (IRR) measures the percentage rate of return at 
which the net present value of zero will result from the same cash flows. Net present
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Fig. 3 Cash flow diagram for BOT (Toll)
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Fig. 4 Cash flow diagram for BOT (annuity of 20%) 
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Fig. 5 Cash flow diagram for HAM

value (NPV) for every three cases is calculated before and after-tax consideration. 
For example, for the first case of BOT (Toll), the value of NPV is around 2395.3 INR 
in millions for a 5% rate to − 649.5 INR for a 18% rate, and a graph of NPV and IRR 
is shown for the same in Fig. 6. Then, according to Fig. 6, the NPV becomes zero 
(0) at the rate of 8.32%, which becomes its internal rate of return (IRR) before tax, 
and similarly, after tax; the value of IIR is around 11.46%, which is also mentioned 
in Fig. 6. NPV and IRR are also calculated for the BOT (annuity) case of an annuity 
of 20% to the concessionaire. In such a case, the NPV and IRR are 577.69 INR in a 
million at a 5% rate to − 649.5 INR in a million at a 18% rate for an annuity amount 
of 20% as shown in Fig. 7.
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1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 
NPV Before Tax 2395.31894.11469.71109.4803.01541.80318.73127.90-35.63 -175.9 -296.5 -400.3 -489.7 -566.7 
NPV After Tax 1911.41559.51260.31005.3787.41600.76440.53302.66183.80 81.10 -7.78 -84.86 -151.8 -210.0 
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Fig. 6 NPV versus IRR for BOT (Toll) 

1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00 14.00 
NPV Before Tax 577.69386.23220.7777.46 -46.92-155.0-249.3-331.5-403.4-466.3-521.4-569.7-612.2-649.5 
NPV After Tax 711.83564.31436.03324.20226.46140.8265.62 -0.56 -58.93-110.5-156.1-196.6-232.6-264.6 
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Fig. 7 NPV versus IRR for BOT (annuity of 20%)

HAM is a newly adopted model, and NPV and IRR are also calculated for that 
model. The graph in Fig. 8 shows details of the NPV and IRR getting for the HAM 
model. The value of NPV is varied from 53.53 INR in a million to −72.05 INR in a 
million for a 12% and 23% rate of return.
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1 2 3  4 5 6 7  8 9  10  11  12  
NPV Before Tax 53.35 34.60 17.90 3.02 -10.28 -22.17 -32.84 -42.41 -51.01 -58.76 -65.74 -72.05 
NPV After Tax 133.45 111.63 91.95 74.16 58.04 43.41 30.11 18.00 6.94 -3.16 -12.41 -20.89 
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Fig. 8 NPV versus IRR for HAM

4 Conclusion 

This paper compares the financial aspects of the three different PPP models used 
for highway construction in India. According to the case study taken, HAM proves 
a better model than the other two BOT (toll) models (toll) and BOT (annuity). The 
following points reflect the consideration and adoption of the HAM model are better 
than any other for the given case study. Porbandar and Dwarka have social and 
religious critical only and very low traffic census on such a road. Developing road 
BOT (toll) and BOT (annuity) models do not work correctly. Due to low traffic, 
private investors will not get a proper return on their investment, and the road remains 
undeveloped. In such a situation, HAM offers a good return on investment, and the 
development of roads is also taken care of by the private concessionaire in PPP mode. 

As discussed in the result section, the financial analysis of the HAM model shows 
a lower difference, 53.53 INR in a million to −72.05 INR in a million, of net present 
value (NPV) for the higher rate of return, which shows that there are significantly 
fewer chances of inflation due to annuity payment. In comparison, there is a higher 
difference in the value of NPV for other models with less return on investment. 
HAM is a combination of the two most attractive models, EPC and Annuity, so 
as per clause during the construction period, the concessionaire will get 40% of the 
invested amount, and the remaining 60% will get during the concessionaire period of 
fix 15 years as an annuity decided by the authority. In BOT (toll), the leading financial 
risk belongs to the concessionaire only. The return on investment is calculated based 
on IRR, and as discussed earlier, the value of IRR in the HAM model is around 
15% before tax and 21% after tax. IRR in BOT (toll) is around 9% before tax and 
12% after tax; similarly, for BOT (annuity), the highest value of IRR is around 14% 
before tax and 18% after tax. Therefore, HAM gives a good return regarding IRR 
while comparing it with the other two models.
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HAM is the solution for new road infrastructure development for some social and 
religiously important places where low traffic flow is observed. HAM is the only 
suitable model to develop road infrastructure in such areas from the case study we 
discussed. 

References 

Chou J, Pramudawardhani D (2015) Cross-country comparisons of critical drivers, critical success 
factors and risk allocation for public-private partnership projects. Int J Project Manage 
33(5):1136–1150. https://doi.org/10.1016/j.ijproman.2014.12.003 

Garg S, Mahapatra D (2018) Hybrid annuity model: Hamming risk allocations in Indian highway 
public-private partnerships. J Pub Aff, pp 1–16 

Ismail S, Azzahra Haris F (2014) Rationales for public private partnership (PPP) implementation 
in Malaysia. J Fin Manage Prop Constr 19(3):188–201 

Jain A, Khan F, Gupta P, Gupta K, Yadav SR (2019) Challenges faced in PPP and ham model and 
the need for an alternative. J Civ Eng Sci Technol 10(2):93–104 

Kumar A, Bhosale A, Gujar A, Jadhav V, Chavan G (2017) Study of different public-private 
partnership (PPP) model for the road infrastructure. Int Res J Eng Technol 4(3):2409–2012 

McErlane A, Heaney SG, Haran M, McClements S (2016) The application of stakeholder theory to 
UK PPP stakeholders. In: Chan PW, Neilson CJ (eds) Proceedings of the 32nd annual ARCOM 
conference, vol 2, pp 863–872, 5–7 Sept 2016, Manchester, UK, Association of Researchers in 
Construction Management 

Parliament of India (2016) Infrastructure lending in the road sector, two hundred thirty sixth report. 
Department related Parliamentary Standing Committee on Transport, Tourism and Culture, 
Rajya Sabha 

Press Information Bureau (2016) Government of India, Cabinet Committee on Economic Affairs 
(CCEA) 

Shrestha A, Chan T-K, Aibinu AA, Chen C, Martek I (2017) Risks in PPP water projects in China: 
perspective of local governments. J Constr Eng Manag 143(7):05017006 

Treasury HM (2018) Report by the comptroller and auditor general PFI and PF2

https://doi.org/10.1016/j.ijproman.2014.12.003

	 Comparative Study of Prospective PPP Models for Highway Projects of India
	1 Introduction
	1.1 Significance of HAM

	2 Methodology
	2.1 Case Study and Data Collection:

	3 Result and Discussion
	4 Conclusion
	References


