
Chhattisgarh State Road Sector Project (RRP IND 44427) 
 

ECONOMIC AND FINANCIAL ANALYSIS 
 

1. Economic analysis of two sample road projects for improvement and capacity 
augmentation under the proposed Chhattisgarh State Road Sector Project was carried out using 
the Highway Development Model 4 (HDM-4). The model require input data on traffic, road 
geometry, condition, pavement structure and material characteristics of the existing road, 
maintenance and road improvement costs, and vehicle operating cost (VOC) parameters. The 
detailed project reports prepared by Chhattisgarh Public Works Department provided the 
needed input data and the two road projects have been evaluated based on the current traffic 
and cost assessment. The costs to the road agency and road users in the with- and without-
project cases were estimated and used for deriving the net costs and benefits with the project 
and to calculate the economic viability of the sample roads.  
 
2. Project road details. The two sample roads selected have mostly single or intermediate 
lane configuration1, with some two-lane sections. They pass through rural areas with fertile 
agricultural land all along the corridor. A few major cement and power plants are located along 
these road corridors, with some new plants are planned or under construction. Chhattisgarh, 
with its rich mineral and coal deposits, is attracting large industrial investment. The project road 
corridors will need capacity augmentation to cater to the anticipated increase in traffic. The 
project road sections have a fair riding surface for the majority of their length, and require 
strengthening and capacity expansion; the sections with poor surface condition require 
rehabilitation. Traffic volume was obtained from the classified traffic counts carried out on 
project road sections. The traffic composition on the project road sections indicates that 
passenger traffic accounts for 73%–84% of the traffic, of which 60%–70% is two-wheeler traffic. 
Significant goods vehicle traffic exists on the project road sections, ranging from 600 to 1,100 
vehicles per day. Traffic details for the project roads are in Table 1.  
 

Table 1: Base Year Traffic on Project Road Sections 

No. Road Number and Name Road 
Length 

(km) 

AADT 
 

(units) 

Share (%) 

Passenger 
Vehicles 

Goods 
Vehicles 

1 Simga–Kharora–Arang–Kurud Road 122.0    

 Simga–Kharora 37.0 5,879 81.2 18.2 

 Kharora–Arang 31.4 2,854 79.4 20.6 

 Arang–Kurud 53.6 4,848 83.6 16.4 

2 Nandghat–Baloda Bazaar–Gidhoury 92.9    

 Nandghat–Baloda Bazaar 43.0 3,632 72.6 27.4 

 Baloda Bazaar–Gidhoury 49.9 3,719 81.9 18.1 

AADT = annual average daily traffic, km = kilometer. 
Source: Chhattisgarh Public Works Department. 

 
3. Traffic growth forecast. Traffic growth on a road facility is generally estimated on the 
basis of historical trends and the growth forecast of both the economy and population. In the 
absence of established time series data on traffic volume on the road sections, the growth 
forecast is made based on data available on vehicle growth and state gross domestic product 
(GDP) growth.   
 

                                                
1
  Intermediate lane configuration describes roads with a width of the paved carriageway of around 5 to 5.5 meters, 

on which two cars can pass each other at low speed. 
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4. Table 2 compares the average economic growth rate in Chhattisgarh and the Indian 
average during 2003–2010. The state economy of Chhattisgarh grew at a much higher rate than 
the national average since it is a newly formed state with rich mineral deposits.   

  
Table 2: Average Annual Economic Growth Rates, 2003–2010 

Item Average Annual Economic 
Growth Rate, 2003–2010 (%) 

Chhattisgarh 10.8 
All of India 8.7 
Source: Reserve Bank of India 

 
5. The Indian economy has been affected by the post-2008 global downturn, with GDP 
growth rates falling to 6.5% in fiscal year FY 2011–12 and projected to be 6%–7% in the next 3 
to 5 years. With the prospect of no immediate turnaround in the global economy, a lower growth 
rate is anticipated beyond the next 5 years   
 
6. The growth of registered vehicles gives an indication of the traffic growth rate (Table 3). 
Vehicle growth for 2001–2009 was 11.9% for Chhattisgarh. The elasticity of the vehicle growth 
against GDP growth is also shown in Table 3. To have a better understanding of these annual 
traffic growth rates across different vehicle types, the growth of different vehicles during 2007–
2009 is shown in Table 4 for Chhattisgarh and in Table 5 for all of India. 
 

Table 3: Growth of Registered Vehicles, 2001–2009 

Item Compound Annual Growth 
Rate of Registered Vehicles  

Elasticity, calculated 
against GDP growth rate 

Chhattisgarh 11.9% 1.12 
All of India   9.7% 1.08 

GDP = gross domestic product. 
Source: Ministry of Road Transport & Highways 
 
Table 4: Growth of Registered Vehicles in Chhattisgarh, 2007–2009 

 Two- Three- Car, Jeep Bus Goods Tractor Trailer 

Year Wheeler Wheeler and Van  Vehicle   

2007 1,395,935 10,670 78,472 28,204 84,627 66,077 56,248 

2008 1,553,104 12,246 90,011 31,985 97,437 73,489 61,412 

2009 1,686,424 13,590 104,074 36,269 107,791 82,175 67,077 

Growth (%) 9.9 12.9 15.2 13.4 12.9 11.5 9.2 
Source: Ministry of Road Transport & Highways 

 
 

Table 5: National Growth of Registered Vehicles, 2007–2009 

 Two- Three- Car, Jeep Bus Goods Tractor Trailer 

Year Wheeler Wheeler and Van  Vehicle   

2007 69,128,762 2,697,449 11,858,665 1,098,422 5,118,880 3,957,223 1,329,072 

2008 75,336,026 2,903,821 13,018,620 1,156,568 5,600,938 4,219,335 1,433,207 

2009 82,402,105 3,146,619 14,284,593 1,205,793 6,040,924 4,504,195 1,517,183 

Growth (%) 9.2 8.0 9.8 4.8 8.6 6.7 6.8 
Source: Ministry of Road Transport & Highways 
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7. The low vehicle numbers may be a reason for the very high growth rates observed in 
Chhattisgarh for some of the vehicle categories. The long-term vehicle growth rate for 
Chhattisgarh may be more in line with all-India rates adjusted upward for higher GDP growth. 
Some of the vehicle additions will be for replacing older vehicles and the growth in rural areas is 
likely to be lower than in urban areas in the case of passenger vehicles. Assuming a direct 
correlation between vehicle growth rates and traffic growth rates, and reducing the vehicle 
growth rates by up to 25% to account for replacement of older vehicles and lower growth rates 
in rural areas, future traffic growth rates estimates are shown in Table 6. Traffic growth reduces 
over time and therefore for traffic projection beyond 2016, growth rates are reduced by 1% 
every 5 years in the analysis.  
 

Table 6: Adopted Growth Rates for Motorized Traffic, 2010–2016 

State Two- Three- Car,Jeep Bus Goods Tractor 

 Wheeler Wheeler and Van  Vehicle  

Chhattisgarh 8.4 8.0 9.8 4.8 8.6 6.8 

Source: Asian Development Bank estimates. 

 
8. The project roads link national highways and some of the potential divertible traffic may 
already be using the project roads. The project road sections provide a fair level of service and 
capacity at present, so there is little potential for generated traffic with improved roads. Industrial 
development is taking place along these road corridors and, with many investment proposals in 
the region, there is potential for induced traffic generation in addition to the normal traffic growth. 
For the present analysis, however, no additional traffic is considered on these accounts. 
   
9. Costs and benefits. Costs considered for the analysis include the construction cost, the 
cost of environmental and social impact mitigation, utility shifting costs, operation and 
maintenance costs, and road user costs. The constant prices used in the evaluation are 
expressed in mid-2012 prices. Construction costs were derived from the detailed design bill of 
quantities and unit cost estimates based on the current schedule of rates. The financial cost per 
kilometer (km) for construction of the project roads is estimated at Rs22.44 million per km for 
the Simga–Kurud Road (SH-20) and Rs25.85 million per km for the Nandghat–Gidhori road 
(SH-10). Financial construction and maintenance costs were converted to economic costs using 
a standard conversion factor of 0.9. 

 
10. Maintenance treatments are triggered within the HDM-4 model based on the set 
maintenance standard for with- and without-project scenarios and costs calculated based on the 
unit prices for treatments given as input to the model. Examination of maintenance of project 
road sections indicates that the road sections are not allowed to deteriorate to very bad 
conditions. Based on this, the analysis assumes that periodic maintenance needs are met in the 
without-project case as well as the with-project case, but no pavement strengthening is 
considered in the without-project case. Road user costs were estimated within the HDM model 
using input provided on VOC parameters.2 The economic price of fuel was estimated to reflect 
the crude oil price in the near term ($100 per barrel) based on the fuel price breakdown given in 
the Report of the Committee on Pricing and Taxation of Petroleum Products, 2006. The 
economic price of fuel per liter is taken as Rs38.50 for petrol and Rs38.80 for diesel. 
 

                                                
2
  Information required for updating the main VOC parameters—such as vehicle prices, crew and maintenance labor 

cost, and tire costs—were obtained from the detailed project reports. 
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11. For passenger-carrying vehicles, the values of passenger working and nonworking time 
were calculated based on per capita income in the state. The per capita income per employed 
person is worked out and average hourly income is derived assuming 2,080 hours of work per 
year. The work times for bus, two-wheeler, and car passengers are valued at 0.3 times the 
average hourly income for bus passengers, 0.6 times the average hourly income for two-
wheeler passengers, and 1.5 times the average hourly income for car passengers, estimated 
considering the lower income of the rural population and the likely income range of bus, two-
wheeler, and car passengers. The value of nonwork time is taken as one-fourth of the value of 
work time. The values for the state GDP per capita were obtained from the Economic Survey of 
India 2011-123. A summary of the calculated values of time for each passenger-carrying vehicle 
is presented in Table 7.  
 

Table 7: Adopted Values of Passenger Working and Nonworking Time  
(Rs per hour) 

State 

State GDP 
per capita at 

current 
prices (Rs) 

Bus  Car  
Two- and Three- 

Wheelers  

Working 
Non-

Working 
Working 

Non-
Working 

Working 
Non-

Working 

Chhattisgarh 44,097 11.1 2.8 55.7 13.9 22.3 5.6 
GDP = gross domestic product. 
Source: Asian Development Bank estimates 

 
12. The benefits of upgrading the project roads will include higher vehicle speeds, better 
riding quality, and safer roads—resulting in reduced travel time and VOCs during the analysis 
period. Without the project, the road capacity will be reached, speeds will drastically reduce, and 
road deterioration will be faster with higher traffic. The benefits considered in the analysis are 
VOC savings and time savings. 
 
13. Economic assessment. Economic analysis has been carried out using the HDM-4 
model comparing the with- and without-project scenarios for each of the project road sections. 
Based on the pavement condition and capacity analysis, improvement options including 
pavement rehabilitation and/or reconstruction and capacity augmentation (widening to standard 
two-lane configuration) were defined; this forms the with-project scenario. The without-project 
scenario involves basic maintenance and periodic surface renewals to the existing roads. An 
analysis period of 20 years of operation after 3 years of construction period was used. The 
project improvement includes capacity augmentation, and the salvage value for each road 
section was calculated for road components using straight-line depreciation and included at the 
end of the analysis period.4 A discount rate of 12% was used as a desirable rate of return for 
calculating the net present value (NPV).  
 
14. The results of the economic analysis, in terms of the economic internal rate of return 
(EIRR) and NPV (in Rs million) for the proposed project improvement option, are presented in 
Table 8. The results indicate that the proposed improvements of the sample project roads are all 
economically viable, yielding an EIRR above 12% and in most cases significantly higher—
indicating the high economic rate of return. The two sample roads have a rate of return of 21.0% 
and 19.8% and the two roads together have a rate of return of 20.4%. The cost–benefit stream 
for the two roads together is given in Table 9. 

                                                
3
  Ministry of Finance, Government of India. 2012. Economic Survey of India, 2011–12. New Delhi 

4
  Earthwork over 40 years, pavement base layers for widening over 40 years, bituminous pavement 20 years, 

structures over 40 years, and land acquired for widening over 40 years.  
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Table 8: Economic Analysis Results 

Road No. Road Name EIRR  
(%) 

NPV 
(Rs million) 

1 Simga–Kharora–Arang–Kurud Road 21.0 1,432.6 

2 Nandghat–Baloda Bazaar–Gidhoury 19.8 1,109.9 

Two roads together 20.4 2,542.4 

EIRR = economic internal rate of return, NPV = net present value.  
Source: Asian Development Bank estimates. 

 
 

Table 9: Cash Flow Stream for the Sample Roads in Chhattisgarh 
(Rs million) 

Year 

Increase in Decrease in 

Net Benefits 
Road Agency Costs Road User Costs 

Capital Maintenance VOC 
 

Time Costs 

Costs Costs  

2012 0.00 0.00 0.00 0.00 0.00 

2013 1,611.17 0.00 0.00 0.00 (1,611.17) 

2014 2,728.03 0.00 0.00 0.00 (2,728.03) 

2015 0.00 1.93 587.30 125.73 711.09 

2016 0.00 1.93 649.36 137.70 785.13 

2017 0.00 1.93 706.54 147.99 852.60 

2018 0.00 1.93 763.01 159.17 920.24 

2019 0.00 122.90 816.94 171.29 865.34 

2020 0.00 60.20 905.32 184.68 1,029.80 

2021 0.00 276.89 856.96 198.70 778.77 

2022 0.00 1.93 952.81 209.61 1,160.48 

2023 0.00 1.93 1,020.51 221.12 1,239.70 

2024 0.00 1.93 1,090.49 233.40 1,321.96 

2025 0.00 114.70 1,163.05 246.54 1,294.89 

2026 0.00 (264.50) 1,283.02 260.65 1,808.17 

2027 0.00 326.63 1,117.04 271.87 1,062.28 

2028 0.00 107.91 1,248.52 284.43 1,425.05 

2029 0.00 171.09 1,331.23 297.53 1,457.67 

2030 0.00 1.93 1,446.52 311.37 1,755.95 

2031 0.00 (2.05) 1,531.38 325.69 1,859.12 

2032 0.00 (139.62) 1,618.53 340.76 2,098.91 

2033 0.00 1.93 1,484.67 355.93 1,838.67 

2034 (622.86) 1.93 1,555.20 372.41 2,548.54 

 EIRR (%) 20.4 

 NPV @ 12% 2542.4 

( ) = negative, EIRR = economic internal rate of return, NPV = net present value, VOC = vehicle operating 
cost. 
Source: Asian Development Bank estimates. 

 
 

15. Sensitivity analysis. Sensitivity analysis was carried out with respect to adverse 
changes in the costs and benefits: (i) construction cost increased by 15%, (iii) VOC and travel 
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time savings reduced by 15%, (iv) travel time savings at 50%, and (v) construction cost 
increased by 15% and VOC and travel time savings reduced by 15%. The traffic growth is very 
likely to exceed the growth scenario considered, with induced traffic, so the traffic assessment is 
conservative and the risk for lower traffic levels is low. The cost estimates for the project roads 
are based on current costs and detailed design, giving high confidence in the estimates. The 
results of the sensitivity analysis (Table 10) indicate that the project roads remain economically 
viable with adverse variations in costs and benefits. 

 

Table 10: Sensitivity Analysis Results 

Project EIRR (%) 

Base 
Case 

Increase in 
Cost by  

10% 

Reduction 
 in Benefits 

by 10% 

Reduction 
in Time 

Savings by 
50% 

Increase in Cost 
and Reduction 
 in Benefits by 

10% 

Simga–Kharora–Arang–Kurud 
Road 

21.0 18.5 18.2 19.4 16.1 

Nandghat–Baloda Bazaar–
Gidhoury 

19.8 17.5 17.1 18.2 15.1 

EIRR = economic internal rate of return. 
Source: Asian Development Bank estimates. 

 

16. Financial sustainability. Incremental recurrent costs associated with the project are 
estimated to be 0.8% of the current maintenance budget of Chhattisgarh Public Works 
Department and 0.2% of the overall budget on an annual basis. The allocation for road 
maintenance was on average around Rs2,800 million until FY2010–11, and has been increased 
to Rs3,040 million in FY2011–12 and Rs5,675 million in FY2012–13. The budget allocation for 
road maintenance in FY2012–13 was assessed to fully meet the maintenance needs for the 
state roads network and the Government of Chhattisgarh is committed to maintain a similar 
level of budget for road maintenance works. Thus, it is reasonable to expect that funds will be 
available to meet the maintenance costs. 
 




