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ECONOMIC ANALYSIS 
 
A. Background 
 
1. Bhutan has one of the fastest growing economies in Asia. Its annual growth rate 
averaged 8.7% of gross domestic product (GDP) during 2003–2012. Its per capita GDP was 
$2,567 in 2012, a threefold increase from $836 in 2002. 
  
2. Bhutan has followed a high investment growth model that has focused on the 
hydropower sector. The government’s development strategy gives the power sector a central 
role in efforts to achieve (i) economic development and poverty alleviation by exploiting the 
country’s abundant hydropower potential and increasing the government’s fiscal revenues 
through power exports, (ii) balanced growth between regions by extending access to electricity 
to rural communities, and (iii) an environment for industrial investments based on cheap, reliable 
electricity supply. To meet these objectives, the government is planning investments in large 
export-oriented hydropower projects. Bhutan has committed to ambitious targets of developing 
more than 10,000 megawatts (MW) of hydropower capacity by 2020 with assistance from the 
government of India, and of achieving 100% electrification within the country by 2013.  
 

3. The Asian Development Bank (ADB) approved the Green Power Development Project 

on 29 October 2008 to support this strategy. The project included loans of $80 million for the 
126 megawatt (MW) run-of-river Dagachhu hydropower development. The hydropower plant 
was intended to export clean renewable energy to India. A separate rural electrification 
component under the project was to provide access to electricity to 8,886 households and such 
public institutions as schools and hospitals on an on-grid basis and through the use of off-grid 
solar power renewable energy sources. The rural electrification component has been 
completed. The Dagachhu hydropower development has not and has encountered a cost 
overrun that requires additional financing.  
 
B. Methodology and Major Assumptions 
 
4. Methodology. The economic evaluation of the Dagachhu hydropower component 
requiring additional financing has been carried out in accordance with ADB’s guidelines for 
project economic analysis.1 The net economic benefits have been reevaluated under the 
present hydropower project situation with the additional financing applied. They have been 
tested for sensitivity to changes in the basic parameters. When completed, the hydropower 
plant will generate 515 gigawatt-hours (GWh) of electricity each year. Of this, at least 88% will 
be exported to India and 12% will be used for domestic consumption and provided free as an 
energy royalty to the government of Bhutan.2 Economic benefits will mainly accrue from the 
displacement of more expensive fuel sources and from the incremental electricity consumption. 
Environmental benefits will be achieved from the displacement of fossil fuels with hydropower 
for generating electricity and the reduction in emissions this produces. These environmental 
benefits are not internalized, however, due to the lack of an established framework and 
procedure. 
 
5. Supply and demand forecast. Projected supply has been estimated by adding the 
existing generation with planned addition under the 10,000 MW investment plan. The Dagachhu 
plant’s output has been taken separately to estimate its impact. Base domestic demand has 

                                                
1
  ADB. 1997. Guidelines for the Economic Analysis of Projects. Manila. 
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  The government will allow the royalty to be paid in cash if all the power is exported. 
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been computed from monthly and hourly data from 2012. For future projections, demand has 
been assumed to grow at the rate of growth of real GDP.  
 
6. The assumptions for monthly generation at the Dagachhu plant have been taken from 
the technical studies. It has been assumed that the monthly and seasonal supply pattern will 
remain the same in the future. In all supply projections, a transmission loss of 1.2% has been 
included. The demand and supply projections have been divided into peak and off-peak periods 
in two seasons (summer and winter). The total demand deficit in Bhutan from sources other 
than the Dagachhu plant has been estimated. The contribution from the plant has then been 
analyzed as an incremental and a non-incremental benefit. 
 
7. Investment costs. All costs and benefits have been expressed at a constant 2013 level 
prices. The domestic price numeraire was used. Tradable inputs were valued at their border 
price equivalent value and converted into domestic equivalents using an estimated shadow 
exchange rate factor. Capital costs and operation and maintenance costs were taken from the 
financial data, with appropriate adjustments to remove taxes and price contingencies. The 
residual value of the investment was estimated as the same proportion to economic cost as the 
book value is to financial cost. 
 
8. Investment benefits. The total benefits from the Dagachhu plant will accrue through 
both non-incremental and incremental benefits. The non-incremental benefits will be from direct 
resource cost savings in the domestic economy. For this purpose, each consumer category has 
been considered. The incremental benefits will be additional consumption when the output from 
the plant is used to meet additionally induced demand due to supply availability. Export benefits 
for the Bhutan–India subregion are assumed to be entirely incremental.  
 
9. The valuation of the incremental benefits for domestic consumers has been carried out 
in accordance with the methodology outlined in an ADB technical note on measuring willingness 
to pay for electricity.3 The coefficients of the demand equation have been based on energy 
consumption data, with suitable per unit cost assumptions for fuelwood, the key alternate fuel 
source. For other consumer categories, the consumer surplus (incremental benefit) has been 
assumed as half of the incremental consumption at the present tariffs.  Export energy has been 
treated as entirely incremental and has been valued at the export value. 
 
C. Calculation of Economic Internal Rate of Return 
 
10. The economic evaluation is based on a plant economic life of 30 years. Investment was 
assumed to take place during 2009–2013, and benefits were assumed to be realized during 
operations in 2014–2044. Deficit projections were used to estimate the incremental and non-
incremental output from the plant. Detailed cost–benefit calculations showed that the Dagachhu 
plant can be expected to deliver reasonable economic benefits, with an estimated economic 
internal rate of return (EIRR) of 16.04% (Table 1). When benefits to the Bhutan–India subregion 
are also considered, the EIRR rises to 22.57%.  
 
 
 
 
 

                                                
3
  ADB. 2002. Measuring Willingness to Pay for Electricity. ADB Economic and Research Department Technical Note 

Series. No. 3. Manila. 
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Table 1: Economic Internal Rate of Return— Hydropower Project  

Net Benefits

Year Incremental

Non-

incremental Total Benefits Capital O&M Total Costs

2010 0 0 0 1,758              0 1,758              (1,758)             

2011 0 0 0 4,341              0 4,341              (4,341)             

2012 0 0 0 3,492              0 3,492              (3,492)             

2013 0 0 0 2,158              0 2,158              (2,158)             

2014 155                  269                  424                  145                  29                    174                  250                  

2015 0 1,264              1,264              0 120                  120                  1,144              

2016 3,039              237                  3,276              0 124                  124                  3,152              

2017 3,042              237                  3,279              0 128                  128                  3,151              

2018 3,045              237                  3,282              0 132                  132                  3,150              

2019 3,159              197                  3,356              0 136                  136                  3,221              

2020 3,162              197                  3,359              0 140                  140                  3,219              

2021 3,165              197                  3,362              0 144                  144                  3,219              

2022 3,056              237                  3,293              0 148                  148                  3,144              

2023 3,171              197                  3,368              0 153                  153                  3,215              

2024 3,061              237                  3,298              0 158                  158                  3,140              

2025 3,064              237                  3,300              0 162                  162                  3,138              

2026 3,066              237                  3,303              0 167                  167                  3,136              

2027 3,068              237                  3,305              0 172                  172                  3,133              

2028 1,493              775                  2,268              0 177                  177                  2,091              

2029 530                  1,093              1,623              0 182                  182                  1,440              

2030 530                  1,093              1,623              0 188                  188                  1,435              

2031 530                  1,093              1,623              0 193                  193                  1,429              

2032 530                  1,093              1,623              0 200                  200                  1,423              

2033 530                  1,093              1,623              0 205                  205                  1,418              

2034 530                  1,093              1,623              0 211                  211                  1,412              

2035 530                  1,093              1,623              0 217                  217                  1,405              

2036 530                  1,093              1,623              0 225                  225                  1,398              

2037 530                  1,093              1,623              0 231                  231                  1,392              

2038 530                  2,186              2,716              0 238                  238                  2,478              

2039 530                  3,279              3,809              0 245                  245                  3,564              

2040 530                  4,372              4,902              0 253                  253                  4,649              

2041 530                  5,465              5,995              0 260                  260                  5,735              

2042 530                  6,557              7,088              0 267                  267                  6,820              

2043 530                  7,650              8,181              0 275                  275                  7,905              

2044 531                  8,743              9,274              (1,189)             214                  (976)                10,250            

EIRR 16.04%

CostsBenefits

EIRR = economic internal rate of return, O&M = operation and maintenance 
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11. Sensitivity analysis. The evaluation tested the EIRR’s sensitivity to a series of 
identified risks. These included (i) a 10% increase in operation and maintenance costs, (ii) a 5% 
reduction in energy generation, and (iii) a combination of these two scenarios (Table 2).4 In each 
of these scenarios, the EIRR remained above the threshold of 12% for variations in the 
underlying parameters. 
 

Table 2: Sensitivity Analysis 

Scenarios    Variation (%) EIRR (%) 

Base Case     16.04 
Increase in O&M Cost   10  15.98 
Reduction in generation   (5) 15.41 
Combined effect (2 to 3)     15.34 

        O&M = operation and maintenance. 
        Source: Asian Development Bank. 

 

12. Sensitivity analysis was also carried out to examine the possible effects of (i) benefit 
sharing under the current agreement for the purchase of power for export from the Dagachhu 
plant;5 and (ii) climate change, which models show could lead to additional benefits.6 Under the 
power purchase agreement scenarios involving the benefit sharing of power price increases, the 
EIRR would be unchanged for the base hydropower project itself but would improve to 22.80% 
on the Bhutan–India subregional level. With increases in water discharges projected by models 
due to climate change impacts, the EIRR for the Dagachhu plant would be 16.13%. This would 
rise to 22.68% when export benefits to the Bhutan–India subregion are also considered.    
 
13. Distribution analysis. Table 3 summarizes the distribution of costs and benefits among 
stakeholders, which was assessed by comparing constant price financial costs and benefits with 
economic costs and benefits, with both discounted at 12%. Consumer benefits from a resource 
cost saving is expected as electricity from the Dagachhu plant replaces consumption of 
expensive alternative sources like fuelwood, diesel, and kerosene. The overall economy will 
benefit as the economic net present value exceeds the estimated financial net present value by 
Nu6,932 million.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                
4
  Summary of Project Performance (accessible from the list of linked documents in the report and recommendation 

of the President, Appendix 2). The Dagachhu plant is being completed. The risks of further cost or time overruns 
are minimal.  

5
  Financial Analysis (accessible from the list of linked documents in the report and recommendation of the President, 

Appendix 2). The power purchase agreement’s benefit-sharing mechanism is provided in detail. 
6
  Climate Change Risk Assessment (accessible from the list of linked documents in the report and recommendation 

of the President Appendix 2). 
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Table 3: Distribution Effects Analysis 
 (Nu million) 

  NPVs at 12%  Distribution to Affected Groups  

 Item Economic Financial Difference 
Sector 

Companies Labor 
Government/ 

Economy 
Electricity 

Consumers 

                
Benefits               

Incremental consumption  10,384     10,384         10,384  

Resource cost saving  3,210     3,210         3,210  

Revenue 0     6,630   (6,630)        (6,630) 

                

Costs               

Investment               

Tradable  5,768   5,747   21       (21)   

Non-tradable  341   341   0      0    

Foreign skilled labor  1,118   1,110   8     (8)    

Local skilled labor  1,110   1,110   0      0       

Local unskilled labor  208   208   0       0        

Fuel  402   401   1       (1)   

Taxes and transfers  0     0    0        0      

                

O&M                 

Tradable 460  458  2    (2)  

Non-tradable 27  27  0     0  

Foreign skilled labor 89  88  1   (1)   

Local skilled labor 88  88  0    0   

Local unskilled labor 17  17  0   0      

Fuel 32  32  0    0  

Taxes and transfers 0   0    0      0   

Supply        

Net Benefits 3,934  (2,998) 6,932  (2,998) (9) (24) 6,965  

() =negative, NPV = net present value, O&M = operation and maintenance. 
Source: Asian Development Bank. 

 
D. Conclusion 
 
14. Cost benefit calculations under the given assumptions show that the Dagachhu 
hydropower plant is expected to deliver significant economic benefits. The EIRR is estimated to 
be 16.04% when subregional benefits are excluded from consideration. The EIRR is a much 
higher 22.57% when subregional benefits are included. Thus, the EIRR is above the threshold 
in both cases and is also resilient to significant variations in underlying parameters. The results 
show that the investment is economically viable and sustainable.   


