
Hunan Xiangjiang Inland Waterway Transport Project (RRP PRC 43031) 

ECONOMIC ANALYSIS 
 
1. The economic analysis for the Hunan Xiangjiang Inland Waterway Project was 
undertaken in accordance with the Asian Development Bank (ADB) Guidelines for the Economic 
Analysis of Projects. The analysis incorporates a 5-year implementation period and a 25-year 
operating period. The economic evaluation was based on a comparison of with- and without-
project scenarios. The project will generate several types of economic benefits. The principal 
measured benefits of the project are savings in inland waterway transport (IWT) costs, the 
economic value of the Tugutang complex hydropower generation, and emission reductions. The 
cost and benefit stream and the resulting economic internal rate of return (EIRR) for the project 
are summarized below.  
 
2. ADB examined several alternatives before deciding on the optimal scale of output, 
construction plan, and project site. The site was selected based on consideration of geological 
conditions, the resettlement and environmental impacts, maximum hydropower output, minimum 
disturbance to navigation, consistency with Hunan Province’s local development plan, and the fit 
with the overall IWT networks. Details are available in the project feasibility study reports. 
 
A. Economic Cost 
 
3. The economic evaluation used constant 2012 prices. The project costs were revalued in 
economic prices by separating the cost items into tradable materials and equipment, 
nontradable materials, labor, and land. The prices were expressed in renminbi, using the 
domestic price numeraire with a shadow exchange rate factor of 1.013 for foreign exchange 
effects. A shadow price was used to put an economic value on the wages paid to unskilled labor 
but not on wages for skilled labor since there is no clear surplus of skilled workers. A shadow 
wage rate factor of 0.67 was used to convert the financial wage rate to an economic opportunity 
cost of labor. The economic costs of the project included (i) the capital cost, including physical 
contingency, land acquisition, resettlement, and environmental mitigation costs; and (ii) the 
costs of operation and maintenance. Taxes, import duties, price contingency, and all financial 
charges, including interest during construction, were excluded. The resulting overall economic 
cost is about 90% of the financial cost. 
 
B. Inland Waterway 
 
4. At present, about 133 kilometer stretch between the Dayuandu complex and the 
Jinweizhou complex of Xiang River waterway that the project will seek to improve is shallow. 
Conditions for navigation are poor. Shoals cover stretches of the riverbed and other main 
obstructions to vessel traffic are rapids and hazardous places. These factors limit the channel’s 
capacity to accommodate large vessels and lead to congestion near the shallows. During the 
dry season, the average channel depth is only 0.7–1.0 meters (m), which means that only 
vessels of less than 100 deadweight tons (dwt) in capacity can pass. The shallow channel 
requires vessels with too much draft to shift their cargos to smaller vessels or to operate only 
partly loaded. Doing the minimum to address this transport problem would result in continued 
underutilization of the Xiang River and worsen the existing traffic conditions in the channel. The 
growth in freight transport on the river would continue to be constrained by the channel’s 
capacity, and more of the province’s expanding freight traffic would spill over to rail and road 
transport, which are more expensive.  
 
5. With the project’s improvements, vessels up to 1,000 dwt will be able to navigate the 
middle and upper reaches of the river and travel directly to and from the Yangtze River. The 
expected shift of traffic from smaller to larger vessels, including barges that will be towed in 
groups by a motorized vessel, will reduce the cost of transport for traffic that would have used 
the river in any event. The project will also offer a more affordable and environmentally sound 
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alternative to railway and highway transport. It will result in increased transport efficiency and 
cost effectiveness by allowing larger shipments through a more reliable channel on the river.  
 
6. Expand waterway capacity. Construction under the project of the Tugutang navigation-
cum-hydropower generation complex will raise the water level upstream of the site to a level 
that will permit passage of vessels up to 1,000 dwt. The project will also undertake channel 
engineering measures, such as dredging and reef demolition, on the 133 kilometers of river 
between the Dayuandu complex and the Jinweizhou complex. To allow vessels to bypass a 
sudden change in water level, the Tugutang complex will also include construction of a 
navigation ship lock. The lock will be able to accommodate four 1,000 dwt vessels at a time. 
About 12 million tons of freight per annum could pass through the lock by 2020 and this will 
increase to 15 million tons by 2035, based projections of freight traffic and fleet configuration. 
This traffic would otherwise have to be moved using more costly means of transport. As more 
vessels use the ship lock, lineups and delays may occur toward the end of evaluation period. 
Based on the output of a conventional queuing simulation model, the impact of a delay at the 
lock is insignificant during the evaluation period. However, this factor has been taken into 
account in calculating vessel operating cost (VOC) savings. 
 
7. VOC savings are expected from (i) improved navigation conditions that will allow IWT 
vessels to move through the channel more quickly; (ii) enhanced all-season access and full 
loads for IWT vessels using the river’s middle and upper reaches, rather than immobilization or 
forced partial loading during dry season; and (iii) increased channel capacity and better service 
levels that will enhance IWT productivity, as well as safety by preventing grounding and 
squatting. Other benefits considered were the diversion of traffic from other transport modes 
due to the attraction of reliable and predictable IWT operations, as well as the generation of 
traffic as a result of the reduction of unit transport costs. The calculation of VOC savings allows 
for differences of the channel voyage conditions, ship lock operation and congestion, and the 
changes in vessels and fleet configuration. The unit economic vessel operating costs for various 
sizes of shipment are in Table 1. 
 

Table 1: Economic Costs of Transport  
 

Item Self-propelled Vessels 
  Towed Barge Combinations 

Four barges of 300 dwts Two barges of 1000 dwts Four barges of 1,000 dwts
Capacity  100 dwt 300 dwt 500 dwt 4*300 dwt 2*1000 dwt 4*1000 dwt 
Yuan/ton-km 0.19 0.08 0.06   0.05 0.04 0.03 
dwt = deadweight ton, ton-km = ton-kilometer. 
Source: ADB staff estimates. 

 
8. To improve connections between waterways and inland transport services, the project 
includes port improvements at Yunji and Songbai through the construction of two 1,000-ton 
berths, each with an annual cargo handling capacity of 300,000 tons. Calculation of the net 
economic benefits from the berths was derived from the reduced congestion and higher 
efficiency expected in the loading and unloading of cargo at the ports and resulted in an 
estimate of an annual average savings of CNY2.75 million.  
 
9. VOC savings are major part of the inland waterway improvement benefits. The EIRR of 
the inland waterway improvement is estimated at 12.8%, and the economic net present value is 
estimated at CNY46 million.  
 
C. Power Generation 
 
10. Power market. The power to be generated under the project will serve Hengyang City 
(see map). In 2008, the total installed electricity generation capacity in Hengyang City was 
1,638 megawatts (MW)—469 MW from hydropower (28%), and 1,169 MW from thermal power 
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(72%). Consumption was 7,209 gigawatt-hours (GWh) and the peak load was 1,244 MW. Power 
shortages occur in Hengyang every month. According to the five-year development plan (2011–
2015) in Hengyang City’s power system and electric system expansion planning model, the total 
power shortfall for this city in Hunan province will be about 5,700 gigawatt-hours annually, or 
40% of the total electricity demand by 2015, a rise of 20% from the shortage level in 2010. It 
imports electricity from outside the city to meet growing demand. The proposed Tugutang 
complex is a run-of-river hydropower plant with limited daily regulation. The total annual energy 
output of the Tugutang complex is designed to be about 363 GWh. Net of self consumption and 
system operation loss, all of the power will be sold to the Hengyang power company. It will be 
used mainly for base load during wet months and peak load during dry months in Hengyang. 
 
11. Least-cost analysis. The most common way to estimate hydropower project benefits is 
through comparison with thermal generation, which is the most likely alternative for producing 
electricity. A coal-fired thermal power plant was selected using a computer model described in 
the project feasibility study as the least costly alternative source. Since the proposed 
hydropower addition will be small compared with the overall electricity generation system in 
Hengyang and can expected to have only a short-term impact on this system, it is sufficient to 
evaluate the proposed hydropower plant as a stand-alone station. The benefit of the Tugutang 
complex power plant was estimated by calculating the voided capital and operating costs of the 
thermal alternative. Relative to the coal-fired power plant, hydropower production generates less 
air pollution and the avoided pollution was evaluated as part of total project benefits. 
 
12. The result of the least-cost analysis was supported by levelized cost analysis and 
equalized discount rate analysis. An important assumption in the analysis related to the 
treatment of capital costs of the multipurpose project. Based on cost analysis and discussion 
with the design institute, 70% of the capital cost of the project was allocated to the hydropower 
plant. The unit energy cost of the proposed hydropower station is CNY0.66 per kilowatt-hour 
(kWh), compared with a thermal plant unit cost of CNY0.76 per kWh (see Table 2). The least- 
cost analysis confirmed the robustness of the proposed hydropower station. The equalized 
discount rate of the proposed project was calculated. The results show that the station is 
superior up to the discount rate of 12% and more beneficial than the thermal alternative in terms 
of cost. 
 

Table 2: Main Parameters and Assumptions 

Item Unit 
Tugutang 

Hydropower  
Plant 

Coal-Fired Power 
Plant 

Net installed capacity MW 90.00 106.00 
Net energy generation GWh 339.00 350.00 
Plant factor % 45.00 39% 
Availability factor % 96.00 81% 
Fuel, calorific value Kcal/kg 5,500.00 
Fuel, consumption grams/kWh 370.00 
Unit capital cost CNY/kWh 0.62 0.41 
Unit O&M cost CNY/kWh 0.04 0.10 
Fuel cost CNY/kWh 0.38 
Unit production cost CNY/kWh 0.66 0.76 
CNY = yuan, GWh = gigawatt-hour, Kcal/kg = kilocalorie per kilogram, kg = kilogram, kWh = 
kilowatt-hour, MW = megawatt, O&M = operation and maintenance. 
Source: ADB staff estimates. 

 
13. Economic internal rate of return. In calculating the EIRR, the benefits of the project’s 
energy output were valued based on the users’ willingness to pay for the project’s firm outputs. 
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The non-firm energy output was valued at the short-term marginal cost of the coal-fired thermal 
power plant. The costs in EIRR calculation were the capital cost and operating and maintenance 
costs of the hydropower station and auxiliary substation and transmission facilities. Power 
system and transmission losses were taken into account and valued based on industrial 
statistics.  
 
14. The economic benefits will include the net energy sales from the expected 363 gigawatt-
hours (GWh) total annual energy output of the Tugutang complex. The benefits of the project’s 
firm energy outputs (110 GWh) were valued using the rate consumers would be willing to pay. 
In Hunan, this was estimated at CNY1.38 per kWh, based on the energy cost of the alternative 
electricity supply for major categories of consumers, plus a consumer surplus of 35%. The 
benefits of secondary annual energy output (250 GWh) were valued at the savings in fuel and 
variable operation and maintenance costs of coal-fired thermal power plants, at a cost savings 
of CNY0.42 per kWh. The hydropower station project has an indicated EIRR of 13.7% and a net 
present value (NPV) of CNY164 million. 
 
D. Emission Reductions 
 
15. The project’s hydropower station will emit less air pollution than a coal-fueled plant, 
which is the least-cost alternative. These pollutants are carbon dioxide (CO2), sulphur dioxide 
(SO2), nitrogen oxide (NOx), and total suspended particulate (TSPs). The annual emission 
reductions to be achieved through hydropower generation will total 293,023 tons of CO2; 2,686 
tons of SO2; 947 tons of NOx; and 186 tons of TSPs. Avoided CO2 emission from coal firing was 
valued at CNY0.057 per kWh and avoided SO2, NOx, and TSP emissions from coal firing were 
valued at CNY0.03 per kWh.1 Based on calculated externality costs, the net emission reduction 
benefits are estimated at about CNY34 million per year, or about 10% of total benefits.  
 
E. Overall Economic Evaluation of the Project 
 
16. The estimated EIRR of the project as a whole is 14.0% (Table 3). The overall estimated 
NPV, based on a 12% discount rate, is estimated at about CNY311 million, with the navigation 
improvements estimated to contribute about 32%, clean and renewable energy 58%, and 
emission savings about 10%. In addition, the investment program is expected to deliver many 
benefits that could be valued but were not because data was not available. These benefits are 
expected to include the reduction in additional road traffic congestion and emissions that will 
result from diversion of freight transport to the IWT system, avoidance of waste water and 
associated treatments that would result from the alternative coal-fired plant, and improvements 
in flood control and more reliable irrigation benefits from the project. 
 
17. The results of sensitivity analysis confirm the robustness of the project’s economic 
viability. Changes in the key variables—10% increase in capital costs, a 1-year delay in 
completion, and a reduction in benefits—do not significantly affect the economic viability (Table 
4). The capital cost would have to be 21% greater than estimated for the EIRR to fall to the 
cutoff rate of 12%. Considering the experience of the most recent similar World Bank project in 
Hunan Province which was completed in 2008, such an increase in capital cost is unlikely.  
 
18. The risk analysis was carried out using the Monte Carlo simulation technique to ensure 
the economic viability of the project. The risk variables were based on a sensitivity analysis that 
included capital cost, power generation, willingness to pay, and implementation delay. The 
probability distributions to the risk variables took into account ADB experience and project 
characteristics. At Risk software was used to simulate the distributions of inputs and outputs. 
Table 5 presents the summary of the value ranges and estimated probability distribution. The 

                                                 
1 World Bank. 2002. CRESP Economic Analysis. Washington, DC.  
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result was based on 1,000 iterations. The expected EIRR is 13.6% and standard deviation is 
1.2%. The probability for the EIRR to be below the considered discount rate of 12% is 8%. 
 

Table 3: Summary of Economic Analysis of Project 
 

  
Energy Output 

(GWh) 
Project Costs
(CNY million) 

Project Benefits 
(CNY million) 

Net Benefits 
(CNY million)

Firm 
Energy 

Secondary 
Energy Capital Cost

O&M 
Cost 

Benefit from 
Hydropower

Benefit from 
Waterways 

Environmental 
(Global & Local)Year  

2013 0.0 0.0 147.1 0.0  0.0  0.0  0.0  (147.1) 
2014 0.0 0.0 609.5 0.0  0.0  0.0  0.0  (609.5) 
2015 0.0 0.0 693.6 0.0  0.0  0.0  0.0  (693.6) 
2016 0.0 0.0 504.4 0.0  0.0  0.0  0.0  (504.4) 
2017 52.8 116.8 147.1 7.1 69.3  47.1  34.0  39.5  
2018 105.6 233.6 0.0 14.3 138.6  94.3  34.0  316.6  
2019 105.6 233.6 0.0 14.4 138.6  94.3  34.0  323.1  
2020 105.6 233.6 0.0 14.6 138.6  94.3  34.0  330.1  
2021 105.6 233.6 0.0 14.7 138.6  94.3  34.0  337.6  
2022 105.6 233.6 0.0 14.9 138.6  94.3  34.0  346.4  
2023 105.6 233.6 0.0 15.0 138.6  94.3  34.0  356.0  
2024 105.6 233.6 0.0 15.2 138.6  94.3  34.0  363.0  
2025 105.6 233.6 0.0 15.3 138.6  94.3  34.0  370.4  
2026 105.6 233.6 0.0 15.5 138.6  94.3  34.0  378.4  
2027 105.6 233.6 0.0 15.6 138.6  94.3  34.0  387.0  
2028 105.6 233.6 0.0 15.8 138.6  94.3  34.0  396.2  
2029 105.6 233.6 0.0 15.9 138.6  94.3  34.0  406.0  
2030 105.6 233.6 0.0 16.1 138.6  94.3  34.0  416.6  
2031 105.6 233.6 0.0 16.2 138.6  94.3  34.0  427.9  
2032 105.6 233.6 0.0 16.4 138.6  94.3  34.0  440.8  
2033 105.6 233.6 0.0 16.6 138.6  94.3  34.0  459.7  
2034 105.6 233.6 0.0 16.7 138.6  94.3  34.0  479.8  
2035 105.6 233.6 0.0 16.9 138.6  94.3  34.0  501.2  
2036 105.6 233.6 0.0 16.9 138.6  94.3  34.0  524.0  
2037 105.6 233.6 0.0 16.9 138.6  94.3  34.0  548.2  
2038 105.6 233.6 0.0 16.9 138.6  94.3  34.0  551.4  
2039 105.6 233.6 0.0 16.9 138.6  94.3  34.0  554.6  
2040 105.6 233.6 0.0 16.9 138.6  94.3  34.0  557.9  
2041 105.6 233.6 0.0 16.9 138.6  94.3  34.0  561.3  
2042 105.6 233.6 (1227.5) 17.1 138.6  94.3  34.0  1,792.1  

Economic Net Present Value 310.9
Economic Internal Rate of Return 14.0%

GWh = gigawatt-hour, O&M = operation and maintenance. 
Source: Asian Development Bank staff estimates. 

 
Table 4: Sensitivity Analysis 

 

Item 
EIRR  
(%) 

NPV  
(CNY million) 

Switching 
Valuea 

1. Base case 14.0 311 0 
2. Energy output decreased by 10% 13.3 201 28% 
3. Benefits of IWT decreased by 10% 13.7 255 56% 
4. O&M costs increased by 10% 14.0 304 444% 
5. Capital costs increased by 10% 13.0 164 21% 
6. Construction delay of 1 year 13.5 234 40% 
7. Without environmental benefits 12.9 141 18% 
8. Combination of 2, 3, 4, and 5 11.8 (27)  

CNY = yuan, EIRR = economic internal rate of return, IWT = inland waterway transport, NPV = net present value, 
O&M = operation and maintenance. 
a Switching value indicates the percentage increase in a cost item (or decline in a benefit item) required for the NPV 

to become zero. 
Source: Asian Development Bank staff estimates. 




