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ECONOMIC ANALYSIS  
A. Introduction 

 
1. Approach. The economic analysis was carried out in accordance with Asian 
Development Bank (ADB) guidelines.1 The project was evaluated using adaptations of the 
Economic Evaluation of Road Projects, ADB’s evaluation model for highways. The approach 
follows a standard form of cost–benefit analysis, in which a with-project scenario is compared 
with a without-project scenario (business as usual). Without-project, it is assumed that traffic 
congestion and road safety outcomes would be worse overall. A simplified demand analysis 
was carried out to produce estimates of passenger kilometers (pax.km) and passenger hours 
(pax.hr) in the with- and without-project scenarios. These were then used to calculate with-
project benefits, including vehicle operating costs (VOCs), time savings, safety improvements, 
and emissions reductions. 
 
2. The project will develop an intelligent transport system (ITS), which will include a public 
transport passenger information system, a general traffic information system, an incident 
management system, and an enforcement system, among others. The project will also 
purchase 200 battery electric buses (BEBs); construct associated infrastructure (bus hubs, 
terminals and depots, and charging stations); and construct 8.16 kilometers (km) of roads in the 
central business district. The project is expected to generate system wide benefits including 
reduced crashes, fatalities, congestion, journey times, VOCs, and emissions. 
 
3. Without the project, the potential passengers of the 200 BEBs were reallocated to 
alternate modes of transport, including 70 buses of a reduced bus fleet, 7,700 cars, 
3,890 motorcycles and e-bikes, and 5,400 bicycles, with the remainder of people walking. The 
smaller bus fleet was assumed to result in lower service frequency and/or a less dense route 
network, with passengers walking further to access a bus and buses being more crowded. As 
Gui’an is a new district, the basic road network is still being completed and the project roads are 
part of this. It is assumed that the roads would still be constructed, but with a delay of 3 years. 
The improvements that would result from enhanced information and coordination from the ITS 
are assumed not to occur—resulting in higher levels of traffic congestion, crashes and fatalities, 
journey times, VOCs, and emissions; and reduced connectivity than in the with-project scenario.   
 
4. Demand analysis. Gui’an is in the early stages of development. Its population grew by 
5.46% from 2014 to 2018 and is expected to reach 1.4 million by 2030. Future land-use and 
travel patterns will evolve from the current situation. No existing traffic analysis or model is 
available, and such an analysis would not necessarily provide a reliable indication of the future 
situation since traffic patterns are not yet established. However, indicative parameters of travel 
demand were obtained from the comprehensive transport plan, master plans, and feasibility 
studies. This information was used to define the without-project scenario.  
  
5.  The average trip distance of Gui’an is projected to be 5.5 km, with 2.48 trips per person 
per day. The modal split in 2030 is assumed to be 25.0% walking, 5.0% bicycle, 27.5% bus, 
22.5% train, and 20.0% car and/or motorcycle. The average length of a walking trip is assumed 
to be 2 km. 30.0% of trips are assumed to be made for work purposes. These parameters were 
used to estimate the total pax.km and pax.hr per day by mode in the base year 2018 and 
without-project scenario future years to 2030, extrapolated to 2043.  
 

                                                           
1 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila. para. 163. 

http://www.adb.org/Documents/RRPs/?id=51366-001-3
http://www.adb.org/Documents/RRPs/?id=51366-001-3
https://www.adb.org/sites/default/files/institutional-document/32256/economic-analysis-projects.pdf
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6. Vehicle operating costs. A simplified VOC model was developed based on typical 
vehicle costs, fuel costs, maintenance costs, consumption parameters, and usage, Table 1. 
 

Table 1: Vehicle Operating Costs 
 BEB LNG Bus eTraina eCarb Car MC eBike Bicycle Walk LGV MGV 

$/veh.km 0.803 0.568 2.400 0.258 0.228 0.038 0.029 0.002 0.000 0.429 0.579 
$/pax.km 0.023 0.016 0.017 0.117 0.103 0.032 0.024 0.002 0.000   

BEB = battery electric bus, eBike = electric bicycle, eCar = electric car, eTrain = electric train, LNG = liquefied 
natural gas, LGV = large-sized goods vehicle, MC = motorcycle, MGV = medium-sized goods vehicle, pax.km = 
passenger kilometer, veh.km = vehicle kilometer. 
a Typical urban electric multiple unit.  
b Based on the ratio of conventional cars to electric cars total ownership costs (Grutter Consulting. 2018. Feasibility 
of Electric Buses in Gui’an New Area, Fig. 39). 
Source: Asian Development Bank estimates. 

 
7. Value of time. Unit values of time (VOTs) were derived from the estimated mid-2018 
average gross monthly wage rate for Guizhou of $809,2 assuming 30% of trips are made for 
work. Following standard practice, trips made for work are valued at the gross monthly wage 
rate plus employers’ overheads (estimated at 10% of the gross wage), while other trips are 
valued at 30% of the net monthly wage rate. The resulting VOT is calculated to be $2.36 per 
pax.hr. The unit VOTs are increased with an elasticity of 0.7 in relation to the projected growth 
in gross domestic product (GDP) per capita on an annual basis.3 
 
8. Safety. Default crash rates were assumed based on various sources and experience, as 
incorporated in ADB’s Economic Evaluation of Road Projects4 model. The resulting costs are 
$295,190 per fatality, $73,798 per serious injury, $2,952 per slight injury, and $590 for material 
damage.5 The unit values are increased with an elasticity of 1.0 in relation to forecast growth in 
national GDP per capita on an annual basis.  
 
9. Emissions. Life-cycle carbon dioxide (CO2) emissions (including emissions during 
vehicle manufacture) and particulate matter less than 2.5 microns in diameter (PM2.5) in terms of 
grams per vehicle-km were derived from various sources.6 CO2 emissions are the main 
constituent of greenhouse gas emissions. The emission rates of CO2 of different vehicle types 
are shown in Table 2. CO2 is costed at $36.30/ton, increasing at 2% per year, following ADB 
guidelines. 

 
Table 2: Life-Cycle Carbon Dioxide Emission Rates by Vehicle Type 

 BEB LNGBus eTrain eCar Car MC eBike Bicycle Walk LGV MGV 

g/veh.km 900.0 1,300.0 8,222.0 165.0 284.9 61.0 40.5 4.7 0.0 400.0 1,200.0 

BEB = battery electric bus, eBike = electric bicycle, eCar = electric car, eTrain = electric train, g = grams, km = 
kilometer, LNG = liquefied natural gas, LGV = large-sized goods vehicle, MC = motorcycle, MGV = medium-sized 
goods vehicle, veh = vehicle. 
Source: Asian Development Bank estimates.  

                                                           
2  According to the project management office, Guizhou’s average annual wage in 2016 was CNY58,398. This was 

increased with elasticity of 0.7 to GDP per capita to generate a 2018 equivalent salary of about $809 per month 
($1.00 = CNY 6.64 as of 30 June 2016).  

3  International Monetary Fund. GDP per capita. www.imf.org (accessed on 22 February 2019).  
4   Economic Evaluation of Road Projects is the Working title for ADB’s EEROAD model 
5  G. De Jong. Update of the Value of Safety. Unpublished report for the European Investment Bank (2012). 
6  These include the United Nations Environment Programme. Undated. Manual for Calculating Greenhouse Gas 

Benefits of Global Environment Facility Transportation Projects. New York; ADB. 2009. Electric Bikes in the 
People’s Republic of China: Impact on the Environment and Prospects for Growth. Manila; Grutter Consulting. 
2018. Feasibility of Electric Buses in Gui’an New Area; Ricardo-AEA. 2014. Update of the Handbook on External 
Costs of Transport. Report for the European Commission. London. 

http://www.imf.org/
https://www.thegef.org/sites/default/files/publications/GEF_CalculatingGHGbenefits_webCD_1.pdf
https://www.thegef.org/sites/default/files/publications/GEF_CalculatingGHGbenefits_webCD_1.pdf
https://www.adb.org/sites/default/files/publication/27537/electric-bikes.pdf
https://www.adb.org/sites/default/files/publication/27537/electric-bikes.pdf
https://ec.europa.eu/transport/sites/transport/files/handbook_on_external_costs_of_transport_2014_0.pdf
https://ec.europa.eu/transport/sites/transport/files/handbook_on_external_costs_of_transport_2014_0.pdf
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10. Table 3 shows PM2.5 emission rates. The rates for electric vehicles and nonmotorized 
modes are assumed to be zero, although tire and brake wear cause low levels of non-exhaust 
emissions. The rates for conventionally fueled vehicles are very much lower for EURO IV and V 
technology than previous technologies. The rates for EURO V are assumed, consistent with 
current PRC standards and on the basis that older vehicles will become an increasingly small 
portion of the vehicle fleet over time. PM2.5 is costed at $124,000 per metric ton in urban areas.7 

 

Table 3: PM2.5 Emission Rates by Vehicle Type 
 BEB LNGBus eTrain eCar Car MC eBike Bicycle Walk LGV MGV 

g/veh.km 0.000 0.058 0.000 0.000 0.002 0.0011 0.000 0.000 0.000 0.004 0.005 

BEB = battery electric bus, eBike = electric bicycle, eCar = electric car, eTrain = electric train, g = grams, km = 
kilometer, LNG = liquefied natural gas, LGV = large-sized goods vehicle, MC = motorcycle, MGV = medium-sized 
goods vehicle, PM2.5 = particulate matter less than 2.5 microns in diameter, veh = vehicle. 
Source: Asian Development Bank estimates. 

 
B.  Project Costs and Benefits 
 
11. Costs include project design and implementation (construction), maintenance of 
infrastructure constructed, equipment procured during the appraisal period, and a residual value 
of the infrastructure and equipment at the end of the appraisal period. Domestic price numeraire 
financial costs are converted to economic costs by (i) excluding taxes, price contingencies, and 
financial charges; and (ii) using a shadow wage rate factor. Slightly different factors result for 
each of the three components. The overall factor is 0.898.  
 

12. With the project, the ITS is estimated to result in benefits of about 7%8 of the total travel 
demand, including (i) a reduction of 50% in the crash rate and 5% in the fatality rate per crash 
because of the enforcement of speed limits; (ii) a reduced journey time by car of 10% as a result 
of reduced congestion, traffic signal coordination, parking management, weather warning, and 
incident management; (iii) a reduced journey time by bus of 15% and an increased bus modal 
share of 10% resulting from a bus information management system, reduced congestion, bus 
priority measures, traffic signal coordination, weather warning, and incident management; and 
(iv) an 8% reduction in VOCs and vehicle emissions as a result of less congestion and reduced 
stop-start traffic conditions. These impacts were applied to the without-project case to produce 
estimates of pax.km, pax.hr, accidents, and emissions by mode in the ITS with-project case. 
 
13. For the purchase of BEBs, the with-project scenario assumed a maximum capacity of 
85 passengers per bus and an average of 35 passengers on board. The average trip length will 
be 5.5 km, according to the comprehensive transport plan, assumed to consist of 4.8 km in-
vehicle distance plus 0.7 km access and/or egress distance with an average access time of 15 
minutes (including waiting time) and egress time of 5 minutes. A route utilization factor of 2.2 is 
assumed to account for partial-route passenger trips. The average bus route length will be 14.3 
km one way and take 45 minutes. A bus will operate on average 14 one-way routes per day. 
Combining these assumptions results in 215,600 passenger trips; 40,040 bus km (200 km per 
bus in the feasibility study, subject to change based on the finalization of routes); 2,100 bus 
hours; 1.03 million pax.km; and 54,277 in-vehicle pax.hr per day at an average speed of 19 km 
per hour (including time at bus stops and traffic signals).  
 

                                                           
7  J. Grutter and K.J. Kim. 2019. E-Mobility Options for ADB Developing Member Countries. ADB Sustainable 

Development Working Paper Series. 
8  It is assumed that the system will have limited or no impact on walk trips, short-distance trips and trips on minor 

roads, for example. 
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14.  With the project, the central business district roads are assumed to be constructed 3 
years earlier than without the project. The traffic data used in the analysis is in Table 4. 
 

Table 4: Traffic Data for the Central Business District Roads (AADT) 
 Road 

#5 
Zhangian 
Extension 

Changfeng 
Road 

Ringroad 
Branches 

Financial 
Harbor 

Civic 
Center 

2021 20,488 19,851 12,547 6,664 6,413 6,758 
2028 26,052 25,245 15,953 8,476 8,155 8,596 
2037 32,564 31,556 19,941 10,594 10,193  10,744 

AADT = annual average daily traffic.                
Source: Southwestern Design Institute and Asian Development Bank estimates. 

 
15. The cost of ITS equipment purchase, installation, and additional services was estimated 
to be $136.87 million over 5 years, with maintenance and upgrade costs of $4.55 million each 
year after the system becomes operational. The cost of 200 BEBs and associated infrastructure 
was estimated to be $179.89 million over 6 years. It was assumed that the buses would be 
renewed every 8 years and the charging stations every 20 years. The maintenance costs of 
BEBs are expected to be 20% lower than for LNG buses. The supporting roads construction cost 
was estimated to be $117.82 million over 4 years. Annual routine maintenance and periodic 
maintenance or renewal every 10 years was assumed for infrastructure. The total cost of the 
combined overall project was estimated to be $395.48 million over 6 years (2019–2024), 
including the additional subcomponents that have not been evaluated separately (intelligent 
connected vehicles system demonstration zone). The financial costs were converted to economic 
costs (para 11). 
 
C.  Results of the Economic Cost–Benefit Analysis 
 
16. Benefits. These include changes in VOCs, travel time, safety, and emissions, based on 
the unit values (paras. 6–10). The VOCs for the BEBs exclude the purchase cost of buses, as 
these are included in the project investment costs. CO2 emissions of 1,540 metric tons per year 
are added for the bus stations. For the supporting roads, the traffic is treated as generated 
traffic. Therefore, the VOC and VOT benefits are calculated at a rate of 50% according to 
economic theory (application of the “rule of a half”).  
 
17. Economic indicators. The economic indicators of the subcomponents and the overall 
project are shown in Tables 5–6. Each subcomponent has a net present value (NPV) greater 
than zero and an economic internal rate of return (EIRR) above 9%, as does the overall project. 
They may thus be considered economically viable.  

 
Table 5: Economic indicators, 2018  

 ITS BEBs Supporting Roads Overall Project 

EIRR 25.3% 10.5% 11.4% 16.8% 
NPV ($ million) 248.49 19.29 6.89              261.82 

BEB = battery electric bus, EIRR = economic internal rate of return, ITS = intelligent transport system, NPV = net 
present value. 
Source: Asian Development Bank analysis.   
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Table 6: Overall Project Cash Flow  
($ million) 

 Costs  Benefits  Net  
 Capital Maintenance Total VOC Time Accident Emission Total Benefit NPV 

2019 70.2 0.0 70.2 0.0 0.0 0.0 0.0 0.0 (70.2) (64.4) 
2020 96.7 0.0 96.7 0.0 0.0 0.0 0.0 0.0 (96.7) (81.4) 
2021 112.8 0.0 112.8 0.0 0.0 0.0 0.0 0.0 (112.8) (87.1) 
2022 69.1 0.0 69.1 0.0 0.0 0.0 0.0 0.0 (69.1) (49.0) 
2023 (10.8) 0.3 (10.5) 8.1 10.9 (2.2) (0.9) 15.9 26.3 17.1 
2024 (23.2) 4.4 (18.8) 9.2 53.5 (0.9) (0.9) 60.8 79.6 47.4 
2025 (17.4) 4.4 (13.0) 16.0 73.8 2.3 (0.8) 91.3 104.2 57.0 
2026 0.0 4.1 4.1 7.3 65.1 5.3 0.2 77.9 73.8 37.0 
2027 0.0 4.1 4.1 7.4 69.1 5.6 0.2 82.4 78.3 36.0 
2028 0.0 4.1 4.1 7.5 73.2 6.0 0.2 86.9 82.7 35.0 
2029 0.0 10.6 10.6 7.6 77.2 6.3 0.2 91.4 80.7 31.3 
2030 0.0 10.6 10.6 7.7 81.3 6.7 0.2 95.9 85.2 30.3 
2031 0.0 10.6 10.6 7.7 81.7 6.9 0.2 96.5 85.9 28.0 
2032 0.0 11.5 11.5 7.7 82.2 7.1 0.2 97.2 85.7 25.6 
2033 0.0 4.1 4.1 7.8 82.7 7.3 0.2 97.9 93.8 25.7 
2034 0.0 4.1 4.1 7.8 83.1 7.5 0.2 98.6 94.4 23.8 
2035 0.0 3.2 3.2 7.8 83.6 7.7 0.2 99.3 96.0 22.2 
2036 0.0 4.2 4.2 7.8 84.1 7.8 0.2 100.0 95.8 20.3 
2037 0.0 10.7 10.7 7.8 84.5 8.0 0.2 100.6 90.0 17.5 
2038 0.0 10.7 10.7 7.9 85.0 8.2 0.2 101.3 90.6 16.2 
2039 0.0 10.7 10.7 7.9 85.5 8.4 0.2 102.0 91.3 14.9 
2040 0.0 10.7 10.7 7.9 85.9 8.6 0.2 102.7 92.0 13.8 
2041 0.0 4.2 4.2 7.9 86.4 8.6 0.2 103.2 98.9 13.6 
2042 0.0 5.1 5.1 7.9 86.9 8.6 0.2 103.6 98.6 12.5 
2043 (58.3) 4.0 (54.3) 8.0 87.3 8.6 0.2 104.1 158.5 18.4 
       NPV @ 9% 261.82      
      EIRR 16.8% 

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

 
D.  Sensitivity and Risk Analysis  

 

18. The economic indicators were subjected to sensitivity tests, see Table 7. Additional tests 
were added for 50% lower benefits to examine the effect of significantly lower population and 
GDP growth. The switching value of 51.98% of the evaluated benefits will reduce the NPV to 0 
at a discount rate of 9%.   
 

Table 7: Sensitivity Analysis  

Scenarios EIRR NPV ($ million) 

Base Case 16.8% 261.82 
1 Investment cost 20% lower 19.9% 318.51 
2 Investment cost 20% higher 14.5% 205.14 
3 Benefits 20% lower 14.0% 152.78 
4 Benefits 50% lower   8.6%  (10.80) 
5 Benefits 20% higher 19.3% 370.87 
6 Investment cost 20% higher, benefits 20% lower 11.8%   96.09 
7 Investment cost 20% higher, benefits 50% lower    6.7% (67.48) 

( ) = negative, EIRR = economic internal rate of return, NPV = net present value. 
Source: Asian Development Bank analysis. 

 
E.  Conclusion  
 
19. The project results in positive net economic benefits, with an EIRR of 16.8%. The 
sensitivity analysis indicates that the EIRR remains above the threshold of 9% in all cases, 
except when the benefits are reduced by 50%.  


