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Abstract

The economic analysis of any infrastructure project indicates the seriousness of 
the project in terms of social needthe benefits, that society will reap from the 
project, if the project is implemented. In a developing country, like India, it is very 
important to evaluate the project in terms of economic benefits properly to 
prioritize the funds allocation and to reduce the opportunity cost. The prime 
objective of this analysis is to analyze the return of the investment to the society, 
which is measured in economic prices to capture the real impact on the society. 
The fundamental purpose of this paper is to show, how professional economists 
are evaluating highway infrastructure projects and discuss the key determining 
factors for that evaluation. This is typically a branch of mainstream economics, 
that is, Transport Economics, which is an assimilation of basic theories of 
economics and civil engineering. Good highway engineering is the key 
determinant factor of the economic benefits that the society will get from the 
project. For the simplicity of this paper, the use of engineering analysis and 
terminologies, of transport, pavement (roads) design and highway designing have 
been minimized intentionally. The whole analysis has been done with the help of 
The World Bank's Highway Development and Management Tool (HDM-4), 
which is developed by University of Birmingham and Transport Research 
Laboratory (TRL), United Kingdom and it is accepted by more than 130 countries 
all over the world including Government of India. This paper tries to capture the 
benefits of road users in terms of road user cost, which is a summation of vehicle 
operating cost, value to travel time and accidental cost over a specified time period. 
This paper is a part of economic analysis report of Kona Expressway (NH-117) 
which has been selected to be upgraded to four lanes configured elevated corridor 
as a segmental box type structure from Second Hooghly Bridge to NH-6. The sole 
purpose of this paper is only to share the knowledge and not for any commercial 
purpose.

Key words: infrastructure project, Kona Expressway, transport economics, 
highway designing.
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1.0 Introduction
The demand for automobile has increased almost endlessly in last few 
years. Several world class automobile manufacturers are working to 
reduce the fuel consumption of their vehicles to increase fuel efficiency 
and to reduce air pollutions as well. Several Japanese, European and 
American automobile companies have revolutionized fuel consumption 
technology and redesigned their engine to meet the maximum fuel 
efficiency in a competitive market like India. Moreover, more fuel 
efficiency means greater greener technology which emits lesser Carbon-
monoxide (CO), Carbon-dioxide (CO ), Hydro-Carbons (HC) and Sulphur. 2

However, only good quality of engine does not ensure lesser emission level 
but a congestion free road along with good pavement (road) condition is 
also responsible to ensure greener environment. A vehicle with new 
technology in a fully congested road with poor pavement condition will not 
behave like an efficient engine though the engine is new in terms of age and 
technology. In other words, society can reap the benefits of greener 
technology only if there is a congestion-free good quality road, which is 
only possible when there is an amalgamation of good Highway 
Engineering along with good Mechanical Engineering. It has been 
observed from the Statistical Abstract of West Bengal, 2012, that, the 
annual growth rate of all types of vehicles in West Bengal is more than 5%, 
which clearly indicates the alarming traffic condition of all the State 
Highways, District Highways and National Highways of West Bengal, 
vide Table 1.0. The threat lies in the negative externality of traffic 
congestion, that is, air pollution. In today’s world, air pollution is fast 
becoming a  threat in all metropolitan cities including all emerging 
economies and eventually it will be increasing overtime in a parallel 
positive path along with the economic growth rate of the society (The 
World Bank, 2019). Hence, neither good quality of engine nor congestion-
free roads ensure greener environment; rather good quality of new roads 
and well-maintained existing roads are responsible as well as required for 
greener environment. Again, good quality of newly constructed roads is 
not only a necessary condition to eradicate excessive air pollutions but 
maintaining the existing roads network of the country is equally important. 
Therefore, a pre-planned road maintenance networking along with 
construction of new road network, both are very important to support a 
stable economic growth and reduced air pollution, simultaneously for the 
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wellbeing of the society.
     This chapter deals with the collation of traffic data and growth rates, 
cost of construction and maintenance and cost of other social and 
environmental parameters extracted from various sections of the report, 
followed by conversion to economic costs, working out the benefits, and 
economic and sensitivity analysis for the entire Kona Express Road project. 
The analysis was carried out through HDM-4 model Version 2.1.
     The economic evaluation has been carried out within the broad 
framework of social cost-benefit analysis assuming a project life of 25 
years including the construction period. The economic feasibility of the 
project has been sought to maximize the economic returns on investment. 
There will be a reduction in Road User Costs (RUC) for Motorized Traffic 
(MT) upon the new road. The accidental cost and Non-Motorized Traffic 
(NMT) have not been considered for this analysis. Economic savings at a 
significant level in the following areas are expected to occur due to 
construction of new elevated project road :

· Vehicle operating costs (VOC)

· Journey time of passengers and goods 

2.0 Brief Description of the Project
The National Highway Authority of India (NHAI) and West Bengal 
Highway Development Corporation Limited (WBHDCL) have jointly 
decided to build an elevated corridor over the same alignment of existing 
Kona Expressway from Second Hooghly Setu to NH-6, which is almost 
6.82 km long. The primary intention of the project to increase the smooth 
mobility of existing traffic condition (better Level of Service) including 
the generated traffic from Santragachi Railway Station.The analysis 
period of the project has been taken as 25 years including the period of 
construction. It has been considered that, expected construction start year 
is 2018 and end year is 2021.
2.1 Framework of Analysis
The following scenarios are considered for the economic analysis as 
per “Manual for Evaluation of Industrial Projects” by United Nations, 
1980 :
· “Without the proposed elevated corridor of Kona Expressway” 
(Base Strategy):
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This is the ‘without project’ situation where traffic will continue to travel 
on the existing road of 6.82 km from the end of Vidyasagar Setu up to NH-6 
along Kona Expressway. In the analysis, this is the base strategy against 
which the new construction of proposed elevated corridor will be 
compared. 
· “With improvement of project road(proposed elevated corridor, 
along Kona   Expressway) in same place with same distance”: 
This is the “with project” situation. In this case the future traffic on the road 
is assumed to continue with a lower VOC and Travel Time. In the analysis, 
this alternative, that is, improved case will be compared against the base 
strategy.
· Benefits Calculation
The reductions in VOC and Travel Time lead to savings due to construction 
of the new elevated corridor against the existing one. The present traffic 
condition of existing Kona Expressway is miserable due to high traffic that 
leads to congestion. The proposed elevated corridor will be used as an 
alternative to the existing one, specifically for through traffic to NH-6 from 
Kolkata and vice-versa. The total savings expressed in quantitative terms 
are the total benefits arising from the new project road. The total 
quantitative benefits and costs at economic prices determine Economic 
Internal Rate of Return (EIRR) and Net Present Value(NPV) of the project 
road.
2.2  Process for Estimation of Benefits
The following process has been employed to estimate the aforesaid 
benefits  : 
1. Identification of sections used to travel 6.82 km.
2. Estimation of the local values for RUE and RD calibration.
3. Entry of data in the model and sub-models.
The model used for analysis is New Road as Bypass modules of HDM-4 
and the above factors help to estimate total VOC, time cost, etc. EIRR and 
NPV estimation have taken the sum of benefits from 

· VOC savings 

· Time savings

When considered together, these give the total net benefits for the project. 
The total net benefits are considered against the economic cost of project to 
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determine the EIRR and NPV at a discount rate of 12%, which has been 
used as Social Discount Rate (SDR) as per Government of India, World 
Bank and Asian Development Bank (ADB)(Cost Benefit Analysis for 
Development, ERD, ADB, 2013).
3.0 Conversion to Economic Prices
Economic costs are generally used in economic analysis to ascertain the 
economic viability of a road project. The financial prices are the market 
prices whereas economic prices are the market prices net of taxes, 
subsidies and transfers. To obtain economic prices shadow pricing is also 
used. The commodity price is adjusted by the shadow price factor to reflect 
the real scarcity value of the resources in the commodity. The shadow 
pricing is desirable but often the economic prices are quantified as net of 
taxes. 

3.1 Economic Prices of Fuel

The economic prices of fuel like diesel and petrol have been estimated on 
the basis of data received from the petrol pump of Howrah, West Bengal 
near the project road as on 26th of May, 2016. The entire details have been 
furnished in the following table. However, the Economic Prices of petrol 
and diesel are Rs. 47.6 and Rs. 35.5 respectively in Howrah, West Bengal 
near the project road, vide Table 3.1.

3.2 Economic Prices of Various Components

1. Engine Oil: The price list of the lubricants of different multinational 
companies in India, have been collected from the desk studies and some 
from Indian Oil Corporation. The market prices are indicative to all India 
level. The average price has been taken after deduction of applicable GST 
of 35%, which has been found to be Rs. 300 per litre.

2. Vehicles and Tyre: Almost all the vehicle manufacturers in India, 
manufacture all their vehicles domestically other than super sports 
vehicles. The super cars or bikes are not included in this study. Moreover, 
all the commercial vehicles are produced domestically including their 
engine to chassis. Almost all the manufacturers have their own 
manufacturing units which produce all the parts domestically to avoid 
different import duties to sustain in the competitive market like India. Only 
a certain percentage of commercial tax is imposed by the central 
government and road tax by the respective state governments, where the 
vehicles are generally sold. 
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     More precisely, the ‘Ex-showroom Price’ in India only includes the 
central government tax, transit cost and the shadow price of the vehicle. 
The central government tax can be eliminated but transit cost cannot be 
eliminated. The following tables show the Economic Price of different 
vehicles in Howrah & Kolkata, West Bengal. After introduction of 
Goods & Services Tax (GST) by the central Government the price of 
the vehicle has dropped down significantly and GST for different 
categories of vehicle ranges from 28% to 41%. As a result, an average 
value has been taken as 35% as tax of ex-showroom price to estimate 
the economic price of the vehicle. The mean price value has been 
considered for the analysis. The price of new Non-AC Bus is found to 
be Rs. 13.72 Lakh, Multi Axle Vehicle is Rs. 17.26 Lakh, Two Axle 
Truck is Rs. 8.37 Lakh, Light Commercial Vehicle 1.99 Lakh, Three-
Wheeler is Rs. 1.33 Lakh, Car is Rs. 5.05 and Two-Wheeler is Rs. 0.5 
Lakh. Similarly, the tyre price of Non-AC Bus, Multi Axle Vehicle 
andTwo Axle Truck is Rs. 13725, for Light Commercial Vehicle it is 
found to be Rs. 8865, for car and auto it is Rs. 2468 and tyre price of 
two-wheeler is Rs. 2333.

4.0   Project Civil Cost

The capital costs of the proposed elevated corridor along Kona 
Expressway include the phasing of investment during the construction 
period have been estimated. The components of costs include the 
following items:

· Construction cost 

· Land acquisition and resettlement cost

· Rehabilitation cost 

· Environment management cost during construction  

The table 4.0 shows the average cost of the proposed elevated corridor at 
economic prices. The economic prices have been obtained with the help of 
the table below: Conversion Table from Financial Price to Economic Price. 
The economic cost per km at 2018 price has been considered for the project. 
The per km cost at 2018, economic price is Rs. 121 crores inclusive of civil 
construction and environmental management costs. This is the final cost of 
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construction.

5.0 Road Maintenance Costs and Schedule

The maintenance works considered in the analysis comprise:

· Annual routine maintenance 

· Periodic maintenance

· Overlaying 

Details of the maintenance programme followed for the project roads 
under different situations along with the unit rates used in the analysis are 
summarized in Table 5.0. The maintenance works costs adopted in the 
analysis are those which have been established under long-standing 
practices. The financial costs pertaining to maintenance operations have 
been converted into economic costs by applying the Conversion Factor of 
0.90 (Conversion to Economic Prices, ERD, ADB, 2009).

6.0 Maintenance Cost of Vehicles

The maintenance cost of vehicles includes labour cost, tool cost, average 
parts cost and workshop overhead where the cost of the spare parts is not at 
all included. The maintenance cost at market prices have been collected by 
making enquiry from formal authorized service centers of different 
vehicles manufactures like TATA Motors, Ashok Leyland, Eicher and 
Bharat Benz. The conversion has been done from market prices to 
economic prices with help of Shadow Wage Rate Factor (SWR) 0.75 
(Conversion to Economic Prices, ERD, ADB, 2009). TheTable 6.0 shows 
the maintenance cost of different vehicles at economic prices of 2017.

6.1 Crew Cost

Crew costs have been estimated as perTable 6.1, on the basis of per hour 
shadow wage rate (SWR). The monthly salaries of drivers who are skilled 
workers and helpers who are unskilled workers have been collected 
separately from primary survey. Both the shadow wages have been 
estimated on the basis of market wage rate. The monthly working days 
have been considered as 24 days and each working hour per day has been 
taken as 8. The conversion has been done from market prices to economic 
prices with help of Shadow Wage Rate Factor (SWR) 0.75 (Conversion to 
Economic Prices, ERD, ADB, 2009). 

6.2 Passenger Time Cost 

TRIVIUM

73



74

Passenger time costs are estimated as shown in Table 6.2. The basic 
working time cost has been estimated with the help of NSDP, population, 
labour participation rate, household consumption parameters etc. of West 
Bengal. The economic data of West Bengal have been taken from the 
Statistical Abstract of West Bengal and employment data have been taken 
from Workforce Participation Rate by Planning Commission of India, 
2011.  The non-working time cost has been considered as 25%-30% of 
working time cost (Cost Benefit Analysis for Development, ERD, ADB, 
2013). A weight has been applied to basic rate to derive different time costs 
of passengers using different categories of passenger vehicles.

6.3 Cargo Time Cost

HDM-4 Manual of volume 5 provides formula as shown in Table 6.3 to 
estimate the cargo time cost and this has been used to estimate the cargo 
time costs for different freight vehicles. The SCF is considered as 0.9 as 
ADB suggest that in case of tradable goods Conversion to Economic Prices, 
ERD, ADB, 2009. The characteristics of vehicle category are presented in 
Table 6.3.

6.4  Vehicle Characteristics

The Table 6.4 shows the vehicles related parameters used in the HDM-4 
model to obtain the economic analysis for the specific project.

7.0  Traffic on the present roads

Based on traffic surveys on the project road, AADT has been worked out 
and presented in Table 7.0.A, which has been used for economic analysis. 
The total number of traffic on elevated corridor is given in Table 7.0.B.

7.1  Traffic Growth Rate

Table 7.1 shows the adopted traffic growth rates per annum on the project 
roads after simulating various scenarios. It summarizes recent estimates of 
normal traffic growth in project area. The per annum traffic growth rate has 
been taken from the traffic forecasting analysis. The table is exhibiting the 
consolidated traffic growth rate in the proposed project area.

7.2  Additional Diverted Traffic

The additional diverted traffic will be significantly impacting the project 
road due to upgradation of the Santraganchi Station by Indian Railways. 
The analysis of the future traffic demand is under process and the 
additional diverted traffic has not been included in this report.
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8.0 Exogenous benefits 

One of the most important benefits of the project is the reduction in air 
pollution significantly in the project locality. The congestion in existing 
Kona Expressway is significantly high in peak hour traffic. Sometimes the 
average speed during peak hour traffic reaches to 10-15 kmph. The average 
speed is significantly low and it is near about 20-30 kmph. The 
decongestion effect after implementation of the elevated corridor will 
promote new greener environment in the locality. The pollution effect has 
been analyzed by the HDM-4 model for this particular project road stretches 
for Hydro-carbon (HC), Carbon-monoxide (CO) & Carbon-dioxide (CO ) 2

over the years of analysis, which has been referred in Table 8.0.

8.1  Vehicle Operating Cost Savings 

The model comprehensively predicts the performance and operating costs 
of motorized vehicles in the selected fleet. Motorized vehicle performance 
predictions include speeds (free flow and congested conditions) and 
consumptions. Predictions for vehicle operating costs include fuel, oil, tyre 
and parts costs, crew and maintenance labour costs, capital depreciation, 
borrowing costs, and overhead costs. HDM-4 was used to estimate the 
Vehicle Operating Costs (VOC) for traffic in each vehicle category on each 
selected road with and without new road. The model estimates VOC in 
both the with- and without-project situations taking into account the speed 
and travel time including surface quality and road congestion. The 
resulting VOC values for each road and section can be found in the HDM-4 
results.

9.0  Model Inputs

Inputs of road networks used in the HDM-4 model version 2.1 are shown in 
Table 9.0.A and 9.0.B for both existing and proposed road network, 
respectively:

10.0  The Residual Value

Considering the remaining life of the construction items the residual value 
(salvage value) has been assessed at the end of the analysis period. For 
structures, the life is assumed to be 50 years. Values of the selected 
construction items such as land acquisition, structures, sub-base, social 
displacement cost etc. are included in the economic analysis as residual 
values at the end of the analysis periods. These residual values are 

TRIVIUM

75



76

considered, as benefits to the project in the analysis. The value has been 
taken as 30% of capital cost of construction and maintenance.

11.0 Economic Viability

The Economic Internal Rate of Return (EIRR) is calculated by the model 
applying a project discount rate of 12% to the annual undiscounted net 
differences of the economic elements considered in the analysis. The sum 
of these discounted values gives the economic Net Present Value (NPV) of 
the project which is generated and presented, together with the associated 
EIRR in the HDM-4 output sheets for sectional and project basis attached 
in last, respectively.

The results of the HDM-4 analysis are summarized below in Table 
11.0 for original model generated sheets which have been attached 
herewith at the end of this analysis as “HDM-4 Output Sheet”.

Table 11.0  :  Results of the Economic Analysis

Road Code Road EIRR (%) NPV at 12%(Rupees Million)

Kona Expressway New Elevated  25.2 9308.97

(NH-117) Corridor

Source: HDM-4 Output sheets 

11.1 Sensitivity Analysis

A sensitivity analysis has been performed under the following scenarios 
and found that the project is economically viable in all scenarios of 
sensitivities with 15% variability in each possible scenario. The sensitivity 
analysis is presented in Table 11.1.

Table 11.1: Sensitivity Analysis of EIRR (%)

Scenarios EIRR (%) NPV (Rupees Million)

Base case 25.2 9308.97

1.15% increase in capital cost 22.8 8265.49

2.15% decrease in MT traffic volume 23.4 8501.44

3.15% decrease in MT VOC 24.8 8963.91

4.15% decrease in MT time 22.8 7214.44

5. All scenarios together 18.8 5139.53

Source: HDM-4 Output sheets
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12.0  Conclusion

The project is found economically viable, having EIRR well above 12%, 
under all possible scenarios including the worst one. The project has a 
strong benefit-generation capability, hence, strongly recommended for 
implementation under the current settings.
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