
SASEC Roads Improvement Project (RRP NEP 48337) 

ECONOMIC AND FINANCIAL ANALYSIS  
 
A. Introduction 
 
1. The proposed project involves capacity augmentation and rehabilitation of the 
Narayanghat–Butwal section of East–West Highway (EWH) and the Bhairahawa–Lumbini–
Taulihawa (BLT) road to improve key regional road sections in the western part of Nepal. The 
goals of these improvements are to encourage regional socioeconomic development, trade, and 
tourism development. East–West Highway is the main artery along the length of the country and 
is the main transport corridor for domestic and international trade. Bhairahawa is one of the 
major border trade points from India, while Lumbini is an important tourist center. Various 
measures in transit and trade agreements are being taken up to promote regional trade 
between Bangladesh, Bhutan, India, and Nepal, as well as international trade for the landlocked 
countries of Bhutan and Nepal under the South Asia Subregional Economic Cooperation 
(SASEC) program. The success of these initiatives will require connectivity and a good level of 
service along the road corridors.   
 
2. The project road sections have operational two-lane carriageways except for the 
Lumbini–Taulihawa section, which has a single-lane carriageway. Traffic levels on these roads 
require a minimum standard of four-lane carriageway for the Narayanghat–Butwal section and 
the initial section of the BLT road and a standard two-lane carriageway for the remaining length 
of the BLT road. There is currently no segregation of slow-moving vehicles or pedestrian 
walkways in the urban sections, which adds to the congestion. The project road sections have 
bituminous surfacing but poor pavement structure with the base nearing failure condition and 
road roughness above desirable levels, thus requiring pavement reconstruction. However, with 
regular periodic maintenance, riding surface quality is in fair condition. The road sections 
selected need both capacity augmentation and pavement reconstruction or rehabilitation to 
provide an acceptable level of service. 
 
3. An economic evaluation of the proposed project components was undertaken. The 
project consists of the improvement of an existing road, which is already travelled by motorized 
traffic but has capacity constraints and deteriorated pavement structure. The project will 
augment traffic capacity, improve the geometry, and remove major bottlenecks such as 
congested urban sections with segregated service roads. The improvement of road corridors will 
result in savings to road users and the society as a whole in the form of (i) reduced vehicle 
operating and time costs for passengers and freight traffic, (ii) reduced road maintenance costs, 
and (iii) reduced vehicle emissions and road accidents. These reduced costs, calculated over 
the project life, are compared with construction costs for the road improvement option (including 
the cost of environmental and social impact mitigation measures). The Highway Design and 
Management (HDM-4) model is used for estimating the costs and benefits associated with both 
with-project and without-project scenarios to establish the economic viability of the project. 
 
B. Demand Analysis 
 
4. The base year traffic assessment and forecast are made based on traffic studies carried 
out in 2016. The analysis identified five homogenous traffic sections along EWH and three 
homogenous traffic sections along the BLT road. The economic analysis was carried out 
considering the homogenous traffic sections with data input given by homogenous sections and 
then the output combined for each corridor. The base year traffic obtained from the traffic 
surveys constitutes the normal traffic. In addition, two other types of traffic—diverted and 
generated traffic—are also considered. The study of the road network indicates no potential for 
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any diverted traffic on either corridor. Improved levels of service and safer roads are expected to 
generate additional traffic as a result of the proposed upgrading apart from the normal growth in 
traffic. Without augmentation, traffic growth will be constrained in sections where the ultimate 
capacity is reached. The base year traffic volume obtained from traffic studies are in Table 1. 
Variations in traffic are caused by major urban sections along the corridor.  
 

Table 1: Base Year Traffic Volume along Project Road Sections 

Road 
Corridor 

Homogenous 
Traffic Section 

and Length 

AADT 
(Motorized 
Vehicles) 

Share of 
Passenger 

Vehicles (%) 

Share of 
Goods 

Vehicles (%) 

AADT (Non-
Motorized 
Vehicles) 

EWH 1 (7.1 km) 17,416 83.5 16.5 2,128 
 2 (26.7 km) 10,044 74.9 25.1 1,298 
 3 (41.1 km) 8,477 72.9 27.1 468 
 4 (35.4 km) 10,446 71.4 28.6 2,352 
 5 (3.6 km) 19,932 80.0 20.0 2,239 
      
BLT 1 (3.8 km) 15,250 79.0 21.0 4,536 
 2 (14.3 km) 6,215 78.2 21.8 2,579 
 3 (24.4 km) 3,846 87.8 12.2 1,792 
AADT = annual average daily traffic, BLT = Bhairahawa–Lumbini–Taulihawa, EWH = East–West Highway, km = 
kilometers. 
Source: ADB. 2016. Transport Project Preparatory Facility. Project preparatory consultant (PPC-2 Road) draft 
feasibility study report. Manila (Grant 0227-NEP). 
 
5. Traffic composition on the project road sections indicates that passenger vehicle traffic 
forms 70%–80% of the traffic and that 40%–60% of passenger vehicle traffic is two-wheeler 
traffic. Goods vehicle traffic on EWH is over 2,600 vehicles per day on average and ranges from 
500 to 3,000 on the BLT road.   
 
6. Traffic growth is generally estimated on the basis of historical trends, road traffic and 
vehicle growth, and economic and population growth forecast. Available historical traffic data on 
the project road corridors, the vehicle registration growth in the project influence area, and 
economic parameters such as gross domestic product, per capita income, and population were 
analyzed to estimate vehicle growth elasticity in relation to these parameters and were adopted 
for traffic projection. Vehicle growth in Nepal averaged more than 16% per annum over the past 
5 years (18.7% for motorcycles, 11.0% for cars and utility vehicles, 9.8% for buses, 5.9% for 
trucks, and 13.8% for tractors).1 The lower of the two growth rates after removing outliers have 
been adopted for traffic projection (Table 2). With significant time and vehicle operating cost 
(VOC) savings, generated traffic is expected. Assuming a transport elasticity of –0.35 and travel 
cost savings of 25%, generated traffic is estimated at 8.75% of the base traffic in the opening 
year, which will grow along with the normal traffic.  
  

                                                      
1  Government of Nepal, Central Bureau of Statistics. 2013. Statistical Year Book of Nepal 2013. Kathmandu; 

Government of Nepal, Ministry of Finance. 2015. Economic Survey 2014/15. Kathmandu. 
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Table 2: Adopted Traffic Growth Rates 
Vehicle Type 2016–2020 2021–2025 2026–2030 2031–2035 2036–2040 
East–West Highway Corridor 

Car/van/jeep 9.4 7.2 6.1 5.6 4.8 
Two wheeler 10.0 9.0 7.6 7.1 6.5 
Bus 6.7 6.1 5.5 5.0 5.0 
Goods vehicle 4.9 4.4 3.9 3.4 2.5 

Bhairahawa–Lumbini–Taulihawa Road 
Car/van/jeep 9.1 7.0 5.9 5.4 4.7 
Two wheeler 11.0 9.8 8.8 7.4 6.8 
Bus 8.3 6.5 5.2 4.8 4.4 
Goods vehicle 7.2 6.3 4.9 4.5 4.1 

Source: Asian Development Bank estimates. 
 
C. Economic Analysis  
 
7. Road characteristics. The inventory and condition survey and the material and 
pavement investigations provided the HDM input data for the existing road characteristics. The 
data required for the analysis was obtained from the feasibility study report. 
 
8. Vehicle characteristics and costs. The HDM model takes as input the vehicle 
technical and operational characteristics, vehicle prices, tire prices, fuel prices, and vehicle 
maintenance and operation costs. The technical and vehicle operating characteristics are 
adopted from HDM-4 calibration for Nepal. The study adopted (i) vehicle and tire prices 
(excluding taxes and labor cost for vehicle maintenance and operation) collected from the 
market survey in the project area; and (ii) fuel prices (excluding taxes and duties) derived from 
the Nepal Oil Corporation, adopting a medium-range crude oil price of $55 per barrel.  
 
9. Value of time for passengers. For passenger-carrying vehicles, values of passenger 
time were calculated based on a survey of income level of vehicle users. The value of time for 
working passengers was derived from the monthly income by assuming 2,080 working hours 
per year. The proportion of work trips is taken from previous studies and ranges from 10% to 
20%. The value of time for nonwork travel of income-earning persons is taken as one-fourth of 
the value of their time. No value of time is considered for travel by non-income-earning persons. 
The value of bus passenger time was modified applying the shadow wage rate factor of 0.7 for 
unskilled labor generally adopted in Nepal. The calculated values of time for each passenger-
carrying vehicle are summarized in Table 3. 
  

Table 3: Adopted Values of Passenger Time 

Vehicle Type 
Average monthly income of  
earning passengers (NRs) 

Value of time for work 
travel (NRs/hour) 

Value of time for nonwork 
travel (NRs/hour) 

Motorcycle 18,000 104 26 
Car/4WD 30,000 173 43 
Bus 15,000 78 19 
Sources: ADB. 2016. Transport Project Preparatory Facility. Project preparatory consultant (PPC-2 Road) draft 
feasibility study report. Manila (Grant 0227-NEP) and ADB estimates. 
 
10. Value of time for freight. For goods-carrying vehicles, a value of time for cargo was 
calculated using the method suggested in the HDM manual—the value of goods carried times 
the commercial interest rate paid by the owners as an inventory cost. Considering the 
predominance of regional trade and main goods carried, a cargo value of NRs64,000/ton is 
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assumed and the opportunity cost of cargo delay or value of time for cargo is estimated, 
considering 67% of cargo to be benefited and an interest rate of 12%.   
 
11. Salvage value. A straight-line depreciation method is used to calculate the salvage 
value of project elements at the end of the analysis period. Among the project elements, 
bituminous components are assumed to have a life of 20 years with periodic renewal as needed 
but with no salvage value. The pavement structure below the bituminous layer in the widening 
portion is assumed to have a 40-year life. Bridges and cross drainage structures can have a life 
of more than 40 years. Assuming a 40-year life for all structures, the estimated salvage value is 
24.8% for the EWH section and 18.2% for the BLT road. 
  
12. Other parameters used are presented in Table 4. 
 

Table 4: Input Parameters Used for the HDM4 Analysis 
Parameter Value 
Analysis period from opening year (years) 20 
Discount rate (%) 12 
Construction period (years) 
 

3 (EWH) 
2 (BLT) 

Construction start year 2017 
Opening year for road traffic 2019/2020 
BLT = Bhairahawa–Lumbini–Taulihawa, EWH = East–West Highway. 
Sources: ADB. 2016. Transport Project Preparatory Facility. Project preparatory 
consultant (PPC-2 Road) draft feasibility study report. Manila (Grant 0227-NEP) 
and ADB estimates. 

 
13. Construction and maintenance alternatives. The construction and maintenance 
alternatives for the HDM analysis were defined based on the improvement options identified. 
Alternative pavement rehabilitation and surfacing options were studied during feasibility study 
and the least-cost option was selected for the final design. The cost estimate is derived based 
on detailed design and bill of quantities, and includes the civil works cost, environmental cost, 
resettlement costs, utility shifting costs, and physical contingencies. The economic costs of 
construction were derived from the financial construction cost by removing taxes and applying 
the shadow exchange rate factor of 1.13 for traded goods and shadow wage rate factor for the 
labor component. The periodic maintenance unit costs adopted are based on the unit cost 
estimates for the project. 
 
14. The benefits of upgrading the project roads include higher vehicle speeds, better riding 
quality, and safer roads—resulting in reduced travel time and VOC during the analysis period 
(Table 5).  
 

Table 5: Without-Project and With-Project Scenarios 

Scenario 
IRI 
(%) 

Average Vehicle Speed  
(km/h) 

Vehicle Operating Cost             
(NRs/km) 

Without project 
 

5.0–7.0 
 

30–50 
 

11.1–12.8 (car) 
46.6–54.8 (heavy truck) 

With project (first year 
of operation) 

2.0–2.5 
 

50–80 
 

9.9–10.8 (car) 
38.1–39.3 (truck) 

Sources: ADB. 2016. Transport Project Preparatory Facility. Project preparatory consultant (PPC-2 Road) draft 
feasibility study report. Manila (Grant 0227-NEP) and ADB estimates. 
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15. Economic analysis. Benefits such as VOC savings and travel time savings were 
quantified and included. Other benefits include accident cost savings and environmental 
benefits. Studies have shown a substantial reduction in accidents when a two-lane highway is 
upgraded to a divided carriageway and on this basis, an accident reduction of 50% is assumed 
for the EWH section.2 The improvement in geometry, road signs and markings, and improved 
layout in town sections are likely to reduce accidents. The main environmental benefit will be 
from capacity augmentation and the reduced congestion and vehicle emissions. Overall the 
impact will be positive but reduced vehicle emissions were not quantified and included in the 
analysis. 
 
16. The results of economic analysis using HDM-4 model indicate that the project has a rate 
of return well above the opportunity cost of 12% (Table 6). The cash flow streams for both 
corridors are in Table 7.  
 

Table 6:  Results of Economic Analysis  

Corridor 
Economic Internal Rate of 

Return (%) 
Net Present Value  

(NRs million) 
East–West Highway Section 17.1 6774.6 
Bhairahawa–Lumbini–Taulihawa Road 14.9 486.7 
Both Corridors 16.9 7261.3 
Sources: ADB. 2016. Transport Project Preparatory Facility. Project preparatory consultant (PPC-2 Road) draft 
feasibility study report. Manila (Grant 0227-NEP) and ADB estimates. 
 

Table 7:  Cash Flow Stream for SASEC Road Corridors 
(NRs million) 

Year 

Incremental Costs  Incremental Benefits 
Total Net 
Benefits  

Capital  Recurrent  Normal Traffic  Generated Traffic Accident 
Savings Works  Works  VOC Time VOC Time 

2016 0.0  0.0  0.0  0.0  0.0  0.0  0.0  0.0  
2017 5,569.9  (9.3) 0.0  0.0  0.0  0.0  0.0  (5,560.7) 
2018 10,056.8  (12.5) 0.0  0.0  0.0  0.0  0.0  (10,044.3) 
2019 1,879.1  (12.3) 131.8  74.0  5.8  3.2  0.0  (1,652.0) 
2020 0.0  (12.9) 931.2  604.8  40.7  26.5  348.0  1,964.0  
2021 0.0  32.3  1,050.9  677.2  46.0  29.6  372.6  2,144.1  
2022 0.0  (13.7) 1,190.5  760.5  52.1  33.3  399.1  2,449.2  
2023 0.0  (2.5) 1,347.1  855.2  58.9  37.4  427.6  2,728.9  
2024 0.0  (6.2) 1,485.7  953.4  65.0  41.7  458.4  3,010.4  
2025 0.0  9.3  1,580.3  1,049.3  69.1  45.9  486.8  3,222.1  
2026 0.0  (11.8) 1,738.7  1,164.3  76.1  50.9  517.0  3,558.8  
2027 0.0  5.8  1,864.7  1,282.3  81.6  56.1  549.3  3,828.1  
2028 0.0  28.1  2,047.4  1,423.2  89.6  62.3  583.7  4,178.0  
2029 0.0  1,068.5  2,233.8  1,563.9  97.7  68.4  620.3  3,515.6  
2030 0.0  (180.9) 3,399.4  1,922.5  148.7  84.1  656.5  6,392.2  
2031 0.0  (37.0) 3,660.7  2,094.8  160.2  91.6  695.0  6,739.3  
2032 0.0  (201.1) 4,202.0  2,378.2  183.8  104.0  735.8  7,805.0  

                                                      
2  Accident rate on the EWH in 2010 is 23 fatal and 50 serious injury accidents per 100 million vehicle km. Cost of 

road accidents in Nepal is estimated at NRs1.05 million for fatal accidents and NRs0.34 million for serious injuries. 
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Year 

Incremental Costs  Incremental Benefits 
Total Net 
Benefits  

Capital  Recurrent  Normal Traffic  Generated Traffic Accident 
Savings Works  Works  VOC Time VOC Time 

2033 0.0  (157.5) 4,184.1  2,503.6  183.1  109.5  779.2  7,917.0  
2034 0.0  (78.6) 4,543.3  2,727.9  198.8  119.3  825.3  8,493.3  
2035 0.0  (121.4) 4,826.0  2,936.9  211.1  128.5  869.4  9,093.3  
2036 0.0  4.2  4,891.0  3,140.0  214.0  137.4  915.9  9,294.1  
2037 0.0  14.7  5,157.8  3,340.1  225.7  146.1  965.2  9,820.1  
2038 (461.0) 79.9  5,343.4  3,546.2  233.8  155.1  1,017.3  10,677.0  
2039 (3,139.4) (16.9) 5,077.3  3,309.8  222.1  144.8  1,072.4  12,982.8  

 

EIRR (%) 16.9 
NPV@12% 7,261.3  

( ) = negative, EIRR = economic internal rate of return, NPV = net present value, VOC = vehicle operating cost. 
Source: Asian Development Bank estimates. 
 
17. Sensitivity analyses were carried out to investigate the robustness of the project. The 
following cases were analyzed:  
 

(i) Case I  Base cost and base benefits 
(ii) Case II  Increase capital costs by 10% and base benefits 
(iii) Case III Base cost and decrease benefits by 10% 
(iv) Case IV  Two-year construction delay 
(v) Case V Accident benefits reduced by 50% 
(vi) Case VI Periodic maintenance delayed by 4 years 
(vii) Case VII Increase capital costs by 10% and decrease benefits by 10% 

 
18. With an increase in capital costs by 10% and a reduction in benefits by 10%, both 
corridors still have an EIRR above 12% (Table 8). Based on the economic analysis as well as 
the engineering and traffic assessment, the project is recommended for implementation.  
 

Table 8: Sensitivity Analysis Results 

Corridor 
 Economic Internal Rate of Return (%) 

Case I Case II Case III Case IV Case V Case VI Case VII 
EWH section 17.1 16.0 (+59%) 15.9 (–38%) 16.2 15.3 15.6 14.9 (+/–23%) 
BLT road 14.9 13.8 (+29%) 13.7 (–24%) 13.5 14.9 12.8 12.7 (+/–14%) 
Both corridors 16.9 15.8 (+57%) 15.7 (–36%) 15.9 15.3 15.2 14.6 (+/–22%) 

EWH = East–West Highway, BLT = Bhairahawa–Lumbini–Taulihawa. 
Note: Figures in parentheses give the switching value for the variable(s) considered. In Case V, the +/– indicate the 
percentage by which cost increases and benefit decreases to result in a net present value of 0. 
Sources: ADB. 2016. Transport Project Preparatory Facility. Project preparatory consultant (PPC-2 Road) draft 
feasibility study report. Manila (Grant 0227-NEP) and ADB estimates. 
 
D. Financial Analysis  
 
19. Financial sustainability. The maintenance funding of roads in Nepal is through the 
Road Board of Nepal, which receives its funds from the Ministry of Finance allocations and toll 
revenue. The fund allocation in recent years covered 100% of routine and 70% of periodic 
maintenance needs. The road sector revenue from fuel levy and vehicle fees is estimated to be 
sufficient to meet maintenance needs considering that maintenance funding steadily increased 
(almost 60% in 2014) and the government committed 100% financing for periodic maintenance. 
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The government developed a 5-year strategic plan for implementation by Ministry of Physical 
Infrastructure and Transport starting in 2016 and one focus area is sustainable road 
maintenance funding. The current allocation for strategic road network maintenance is 
NRs3.5 billion. Incremental recurrent costs associated with the project is estimated at 4.2% of 
the annual maintenance budget of the Department of Roads. The maintenance element for the 
EWH section will be included in the construction contracts for the first 5 years. It is reasonable 
to expect that funds will be available to meet maintenance costs considering the past allocation 
trend in maintenance funding and the priority given to the main road corridors. The maintenance 
budget allocation is likely to increase over the long term as committed by the government in the 
strategic plan. Because of the large increase in budget allocation for maintenance in 2014, 
budget utilization was reduced. The project supports the Department of Roads in introducing 
performance-based maintenance contracts, which will help in improving maintenance capacity 
and fund utilization with multi-year contracts. 
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