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Rehabilitation and Widening work for 2- Lane with Paved Shouldering of
Existing National Highway 80 Alignment from Km. 132.895 to Km. 190.150
Bhagalpur — Kahalgaon — Mirzachowki Section of Length 57.255 Km. in the

State of Bihar.
Cost Benefit Analysis
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1.1

1.0 Cost Benefit Analysis
Approach & Methodology

The objective of the economic evaluation is to enable Government authorities to determine
whether the project is economically worthwhile investment proposal and whether it should be
taken up at all. This is done by identification of the potential benefits expected to accrue to the
community and comparison with the economic costs of the project.

Economic viability of the project has been assessed within the broad framework of the cost-
benefit analysis technique, which is widely used in the appraisal of public investment projects.
Economic analysis involves comparison of cost and benefit streams under both the “without”
and “with” project conditions, over a fixed analysis period.

The “without project” situation is the base case option or the “do-minimum” case where the
project road is a Intermediate Lane/2-lane National Highway. In the “with project” situation, it
is upgraded to a 2-lane highway with paved shoulders. All costs and benefits considered in the
study have been valued in monetary terms and expressed in economic prices to reflect the true
resource cost to the economy.

The economic analysis has been carried out using the HDM IV Model.

The results have been expressed in terms of Economic Internal Rate of Return (EIRR) and Net
Present Value (NPV) of the project at 12 percent discount rate. These are calculated using
discounted cash flow methods since costs are incurred and benefits accrue at different dates.
The feasibility of the project is determined by comparing the EIRR with the current accounting
rate of 12%. This represents the opportunity cost of capital and is considered the appropriate
minimum criterion for economic viability by Government Agencies as well as Funding
Agencies.

The project is further subjected to sensitivity analysis by varying the project costs and benefits
by 15% and the effect on the EIRR reviewed. This helps to gauge the economic strength of the
project to withstand future risks and uncertainties.

The analysis has been carried out for each homogenous section and for the total project road.
These are given in the Table

Table 1.1: Homogenous sections

Sl. No. Section Details / Section Name Length Carriageway
Chainage in Km. | Including Paved
Shoulder in m

Construction Package-1 : Km. 132.895 to Km. 190.150

Section-1 | 132.895 to 135.000 Baghalpur Built-up 2.105 10.00
Section

Section-2 | 135.000 to 138.000 Prem Nagar, Sabour & 3.00 7.00
Khankitta Built-up Zone

Section-3 | 138.000 to 152.000 Khankitta - Pakkisarai 14.00 5.50

Section-4 | 152.000 to 190.150 Pakkisarai — Kahalgaon— | 38.150 7.00

Pirpanti - Mirzachowki




1.2

Definition of “Without Project” and “With Project” Situation

The HDM-IV model, Version 1.3 is used for the analysis of the data

The HDM-1V analytical framework is based on the concept of pavement life cycle analysis.
This predicts the life cycle pavement conditions and costs over a specified analysis period
under a user-specified scenario of circumstances. This is applied to predict pavement
deterioration arising from traffic loading, environmental, weathering and effect of inadequate
drainage systems over the life cycle of a road pavement

Technical analysis within HDM is undertaken using four sets of models:

e RD (Road Deterioration) predicts pavement deterioration

e WE (Works Effects) simulates the effects of road works on pavement condition and
determines the corresponding costs

* RUE (Road User Effects) determines costs of vehicle operation, road accidents and travel
time

e SEE (Social and Environmental Effects) determines the effects of vehicle emissions and
energy consumption

The Model simulates, for each road section, year-by-year, the road condition and resources
used for maintenance under each strategy as well as the vehicle speeds and physical resources
consumed by vehicle operation. After physical quantities involved in construction, road works
and vehicle operation are estimated, user-specified prices and unit costs are applied to
determine financial and economic costs. Relative benefits are then calculated for different
alternatives, followed by present value and rate of return computations.

The costs considered comprise agency costs and costs to road users as follows.

Road Agency costs
e Construction Cost
e Maintenance Cost

Road Users Costs
-Vehicle Operating Cost
-Travel Time Costs

Road users experience different costs in the “With Project” and “Without Project” conditions.
The benefits to road users are constituted by the savings in costs. Increasing traffic volumes as
a result of the project implies more vehicle kilometers and hence more vehicle operating costs
and, possibly showing more saving in with project conditions viz. benefits as a result of the
project.

Based on traffic, Road network and Socio-economic characteristics of the project road, two
different improvement options(with project) have been considered by the consultants with two
different combination of proposed up-gradation/ improvement Options (Bypasses / without
Bypasses) of the project road. The Economic analysis is carried out for the following
improvement options

1. “Without project/ Do minimum” — No Improvement of the existing road
2. “With Project”- Widening of the Project road to 2 Lane with Paved shoulder.
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12.2

EDM Model Input Data

The basic input data used for the application of HDM-4have been grouped inlo following
categories:

. General
. Traffic
Road Condition and Pavement design

The analysis period is from year 2021 10 2050. The base year for traffic and cost estimates is
2020. A 24 months construction period from 2021 to 2023 and benefit period of 30 years from
year of opening i.e. 2024 have been considered.

Project Cost and Scheduling

« Pavement Option . Rigid Pavement have been Proposed for Two lane
with Paved shoulder ¥ Earthen  shoulders
configuration of existing Intermediate / 2-lane roads

« Construction Period . Construction period for the project has peen assumed
as 24 months i.e. March 2021 to March 2023.

o Investment Schedule . For construction period, the distribution of cost for
each year is given as below:
1 Year - 40 %
o Year — 60 %

« Analysis Period . 30 years (2021 - 2050)
. Discount raie . 12%
. Salvage Value . 15%

123 PROJECT COST

Fstimated cost for project option is as given in Table 1.2 below.

Table 1.2: Estimated Cost for Construction

Construction Cost
(Rs. in million)

150

Construction Package-1: Km. 132.895 to Km. 190

e e
New Two lane carriageway with Paved shoulder
configuration Earthen shoulders of Intermediate | Two
Lanes (Total Project Cost = Civil Cost + R&R costs +
Environment cost + Shifting of utilities + Forest Clearance

Acquisition Cost + Centages)

The foreign exchange component in the total capital cost is insignificant and has been
considered to be Zer0 a3 all maerial, machinery and labour are available in India. Standard



Conversion factor of 0.85 has been used for converting market prices of road construction and
maintenance inputs into economic costs.

Maintenance Cost
Maintenance Cost

For Intermediate lane road

Routine maintenance cost - Rs. 5.00 lakhs per km per year

Periodic maintenance cost - Rs 1870 per sq.m (Cost of 40mm BC
overlay at 5 year interval)

Maintenance Cost

For Two lane highway

Routine maintenance cost - Rs. 7.00 lakhs per km per year

Periodic maintenance cost - Rs 2250 per sq.m (Cost of 40 mm BC
overlay at 5 year interval)

1.2.4HOMOGENEOQUS BASED ON TRAFFIC SURVEY DATA

Based on the data of the traffic surveys conducted by the consultants in November 2020, the project
road has been divided into Single homogeneous traffic sections. The Average Daily Traffic (ADT)
are shown in Table 1.3. Homogeneous sections based on carriageway type are fumished in Table

1.1,
Table 1.3: Homogeneous Traffic Sections
. 2 Length AADT (2020) (N“mberS)
Section | Chainage (km)*
ge (km) (km) Fast Slow Total
Km. 132.895 -
1 190.150) 57.255 10275 2657 12930

Note: * Surveyed Chainage

Table: 1.4 Table Percentage Composition of Fast Vehicles

Type of Vehicle Section-1
Two-wheeler 17.21
Car/Jeep/Auto/Tempo 14.68
Bus/Mini Bus - 5.90
2-Axle Trucks 2.61
M-Axle Truck 40.19
LCVY 2.61
Tractors With Trailor 2.57

Table 1.5: Table Percentage Composition of Slow Vehicles

Type of Vehicle Section-1
Cycie 88.40
Cycle Rickshaw &

it 11.60
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Table 1.6: Summary of Traffic Growth Rate in % (Fast Moving Vehicle)

Type of Vehicle m
SoTRED Y e

1.2.5ROAD C ONDITION AND PAVEMENT DESIGN

Road and pavement characteristics obtained from t he Road Inventory Survey have

been used as Model input. These include road length, carriageway width, width of
b-grade CBR, roughness of the

paved shoulders, existing pavement composition, SW

Auto/Tempo/Car/Jeep ﬂﬂ_-&_
Bus :

existing road (IRD), structural number, BBD and cracking arcd.

Table 1.8: Details of existing
Section Details / Section Name
Chainage

1: Km. 132.895 to Km. 190

Construction Package-

132.895 to 135 000 | Baghalpur Built-up
Section

Prem Nagar, Sabour
&Khankitta Built-up

‘Section-2

Pavement Conditions

Zone
138.000 to 152.000 Chankitta - Pakkisarai [ 14.00 |

Section-3
152.000 to Pakkisarai — Kahalgaon = m
190,130 Pirpanti - Mirzachowki

Length Carriageway
Including Paved

Shoulder in m

Construction Package: Km. 132.895 to Km. 190.150

13289510 135.000 to
135.000 138.000

‘!E_-Eﬂ-

Rise and fail

Ttem

138.000 to

Existing)

152.000 to

152.000 190.150




1.3

Description of Section 1 Section 2 Section 3 Section 4
Item
132.895to 135.000 to 138.000 to 152.000 to
135.000 138.000 152.000 190.150

Curvature

| (deg/Km) 149 264 126 134
Existing Pavement
Thickness 620 660 640 640
BC 40 40 40 40
BM / DBM 145 140 110 110
WBM/WMM 300 230 290 275
GSB 200 200 190 180
Avg IRI (m/km) 7.4 9.15 13.29 10.205
Avg area of 6.10 11.45 18.65 12.40
cracks (%)
Avg Potholes 3 9 34 12
(No/Km)
Avg Ravelled (%) 2.26 7.32 32.65 12.75
Avg Rut Depth mm 50 65 160 %6
Deflection (mm) 2.14 2.67 - 2.90
CBR (%) 5 5 5 5

Table 1.9: Speed Flow Relationship Data
Project Option Capacity Jam Speed Speed Limit
Existing Intermediate Lane | 1200 PCSE/lane/hr 15 Kmph 40 Kmph
Widening to 2 Lane 1400 PCSE/lane/hr 20 Kmph 80 Kmph

ECONOMIC COST OF VEHICLE PARAMETERS
The economic cost of vehicle parameters like new vehicle cost, new tyre cost, fuel cost,
lubricating oil cost, time value cost and cargo cost taken from Manual on Economic Evaluation
of Highway Projects in India after converting it to present day Market Rate. The summary of
these values is furnished in Table 1.10. '
Table 1.10; Summary of Economic Cost of Vehicle Data
S. Vehicle Ne.w New Tyre Fuel Cost (Rs/Lit) Eng.me Time Cargo
N T Vehicle Cost _ 3 0il Value Cost
- ype Cost®g) | OOt B | Petrol | Diesel | ®s/Li) | Re/Hr) | (Re/HN)
1 Cal 675950 | 5000 | 8400 - | 3000 | 525 .
Jeep/Van
2 Mini bus 18,08,250 7,020 - 75.00 380.00 14.5 -
3 Bus 34,21,050 11,525 - 75.00 380.00 14.5 -
4 IW 2,10,000 400 = 23.75 80.00 30.0 -




1.4

1.5

S. Vehicle N e.w New Tyre Fuel Cost (Rs/Lit) Engine Time Cargo
No. Type Vehicle Cost (Rs) 7 Oil Value Cost
Cost (Rs) Petrol | Diesel | (Ryrity | (Rs/Hr) | (Rs/Hr)
5 2w 75,380 650 27.00 - 80.00 22.0 -
6 LCV 14,26,900 3,020 - 23.75 80.00 - 5.00
7 2A 32,46,800 6,120 - 23.75 80.00 - 15.00
8 MAYV 40,42,325 6,120 - 23.75 80.00 - 25.00

Economic Internal Rate of Return (EIRR)

Table 1.11; Result of Economic Evaluation

: NPV (Rs.
0,

Option IRR (%) Million)

Road Widening to two lane highway with Paved 26.90 6764

Shoulder in Built-up Section (With Time Saving) i

Sensitivity Analysis

Sensitivity Analysis has been carried out as per described in TOR, to examine the effect on
economic viability of the project due to change in the level of the key input factors, including
construction cost, variation in traffic etc. The sensitivity of_the IRR and NPV has been studied

under the following change in conditions.

Scenario - 1 - Base Costs and Base Benefits.

Scenario - [1 Base Costs plus 15 % and Base Benefits.
Scenario - 111 « Base Costs and Base Benefits minus 15%.
Scenario - IV - Combination of Scenario II and III

The sensitivity analysis results of above scenarios are given in Table 1.12
Table 1.12: Sensitivity Analysis Results

Scenario IRR (%)
L - 2690 %
IL 22.64 %
IIL. 23.17 %
IV. 19.84 %

1.6 CONCLUSION

From the above results of the economic analysis including sensitivity analysis, it can be seen
that for all the scenarios, the EIRR is getting higher than the accepted value of 12% for given
project. So that, it can be concluded that economically it is beneficial to road users by this

improvement.
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