
Power Sector Rehabilitation Project (RRP KGZ 44198) 
 

ECONOMIC AND FINANCIAL ANALYSIS  
 
A. Introduction 

1. The economic and financial analysis of the project was carried out in accordance with 
the Asian Development Bank (ADB) Guidelines for Economic Analysis of Projects and Financial 
Management and Analysis of Projects.1

 

 The economic and financial analysis examines the 
Toktogul hydroelectric power plant (HEPP) rehabilitation component.  

B. Methodology and Major Assumptions 

1. Project Components 

2. The economic and financial analysis covers the design, supply, installation, testing, and 
commissioning of the dam rehabilitation works and equipment, which includes 500 kilovolts (kV) 
of high voltage cables, governor system, excitement system, generator circuit breakers, medium 
and low voltage switch gears, and spare stator winding. As the project components are 
interrelated, costs and benefits were considered on a total project level. Individual components 
do not give financial and economic benefits on a stand-alone basis.  
 

2. Approach and Assumptions 

3. The financial and economic analysis, including the determination of economic internal 
rate of return (EIRR) and financial internal rate of return (FIRR), is based on streams of costs 
and benefits or revenues resulting from the rehabilitation works (assuming a 5-year period) and 
operation of the project components over their economic life (25 years), measured in mid-2011 
prices and in real terms. Regional economic benefits are not included in the EIRR calculations 
since they accrue to countries other than the Kyrgyz Republic.  
 
4. The project investment returns are gauged by comparing the benefit or revenue and cost 
streams of with-project and without-project scenarios. The existing Toktogul HEPP is in a 
dilapidated state, exposed to critical risks of major incidents that may result in increasing failures 
and possibly catastrophic breakdown of the entire power station. The without-project scenario 
thus assumes increased outages caused by reduced availability and operational failures, and a 
higher frequency of major incidents and associated repair costs.  
 
C. Economic Analysis 

1. Least-Cost Approach 

5. The project is the least-cost solution for reliable power supply to the country and to the 
Central Asia Power Transmission Grid. Toktogul HEPP is unique and important in its size and 
function as a frequency regulation station for the regional transmission grid, without any 
equivalent alternatives in the country. Continuing the current practice with insufficient 
maintenance and rehabilitation does not provide a sustainable long-term solution. A possible 
alternative new HEPP would cost $0.07–$0.09 per kilowatt-hour (kWh), as estimated in the 

                                                
1  ADB. 1997. Guidelines for Economic Analysis of Projects. Manila; ADB. 2005. Financial Management and Analysis 

of Projects. Manila. 

http://www2.adb.org/Projects/project.asp?id=44198�
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 (2012 draft final report), which is significantly higher than 
the levelized cost of this project (estimated at $0.0237/kWh).  

2. Project Costs  

6. The project costs assume the project construction period at 3 years with a disbursement 
period stretching over 5 years. Costs are expressed in real terms and do not consider inflation. 
Taxes and import duties are not included. A conversion factor of 0.9 is used to convert the 
financial prices of local inputs into economic prices; the conversion factor for unskilled labor is 
0.75, which is applied to the cost of operation and maintenance personnel. However, because 
the project mainly requires skilled workers, the share of unskilled labor in civil works and in 
installation and commissioning is assumed to be 0%. There are no decommissioning costs, nor 
are there any noteworthy benefits from recycling equipment. Environmental or social costs will 
occur only during the project implementation period comprising a part of the project costs. There 
are neither costs for land acquisition nor for resettlement. Annual operation and maintenance 
costs are estimated to increase compared with the without-project scenario, under which the 
power plant operation is expected to be reduced as a result of continued deterioration of the 
power plant. A major overhaul for $1 million every 10 years is also considered. The evaluation is 
carried out over the lifetime of 25 years, since the new equipment has an economic lifetime of 
20–50 years. The discount rate for calculation of the net present value (NPV) is 12% in the base 
case scenario.  
 

3. Project Benefits 

7. The incremental benefits of avoided equipment breakdown and avoided catastrophes 
can be quantified in terms of avoided loss of energy, measured in kWh. Additionally, the 
avoided costs of repairs after equipment failures are considered. The analysis focused on a few 
key effects. A more detailed analysis would only add to the complexity of uncertain inputs 
without adding more precision to the results. In the without-project case, the following 
assumptions were made:  

(i) Deterioration. The power plant will gradually deteriorate, starting in 2013 at a 
rate of 10% per annum.  

(ii) 500 kV cables. A major breakdown incident of 500 kV cables will occur in 2020, 
which affects one unit (300 megawatts [MW]). The repair will cost $4 million and 
take 360 days, losing 829 gigawatt-hours (GWh) in that year.  

(iii) Turbine generator. A major failure in one of four units of the turbine generator 
will occur in 2022, which affects one unit (300 MW). The repair will cost 
$40 million and take 360 days, losing 829 GWh in that year.  

 
8. The value of project benefits of the avoided energy is estimated using the value of 
energy import. The most realistic alternative source of electricity supply is through import from 
Uzbekistan and Kazakhstan as the Kyrgyz electricity grid is connected with these neighboring 
countries. The power import from Uzbekistan is currently $0.015/kWh with a capacity of 
1,200 MW. The value of this energy is then equal to the foregone export tariff, estimated at 
$0.02–$0.03/kWh. For the purpose of the economic analysis, an average value of $0.02/kWh is 
used. This is a more conservative value than other alternatives such as stand-by generators 
($0.10–$0.50/kWh) or willingness to pay, which was estimated at $0.20/kWh under the Power 
Sector Regional Master Plan (footnote 2).   
                                                
2  ADB. 2010. Technical Assistance to Central Asia Regional Economic Cooperation for the Power Sector Regional 

Master Plan. Manila (TA 7558-REG). 
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9. The project benefits not counted in the analysis include:  

(i) the frequency regulation role of Toktogul HEPP, which is critical for stability of 
both the domestic and regional power systems;  

(ii) the water resource management function of Toktogul HEPP, which is the primary 
source of water supply for irrigation downstream; and 

(iii) avoided major breakdown incidents in the other hydro dams downstream of the 
Naryn Cascade, since the breakdown of Toktogul HEPP may flood other hydro 
dams downstream.  

 
4. Analysis 

10. The results of the economic analysis are shown in Table 1 and can be summarized as 
follows:  

(i) The economic internal rate of return is 21.3%, which exceeds the threshold of 
12% significantly. This reflects the importance of the Toktogul HEPP for the 
Kyrgyz economy and the disastrous effects of the loss of energy, which could 
arise if Toktogul HEPP (40% of total generation of Electric Power Plants) suffers 
serious damage over any prolonged period of time.  

(ii) At a discount rate of 12%, the project has a net benefit of $39 million. This is 
derived from the NPV of costs ($36 million) and the NPV of benefits ($75 million). 
The benefits are twice the costs (benefit–cost ratio of 2).  

(iii) The benefits from the avoided deterioration amounting to $48 million are based 
on an avoided loss of energy, which increases gradually over time. They 
constitute the major part of the project benefits.  

(iv) The benefits from avoided major incidents are much lower at $26 million.  
 

5. Sensitivity Analysis 

11. The sensitivity of the results of the economic analysis was tested by varying the 
assumptions. These assumptions include (i) an increase in investment cost, (ii) a decrease in 
the value of avoided energy, and (iii) no occurrence of major incidents. Under all cases, the 
EIRR remains above 12%. The switching values are high, indicating strong resilience against 
possible adverse circumstances. The results of the economic analysis are thus robust against 
the usual variations in all assumptions (Table 2).  
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Table 1: Economic Internal Rate of Return 

 
( ) = negative, EIRR = economic internal rate of return, NPV = net present value, O&M = operation 
and maintenance. 
Source: Asian Development Bank estimates. 

 
Table 2: Sensitivity Analysis – Economic Analysis 

Scenario  EIRR 
(%) 

NPV 
($ million) 

SV 
(%) 

Base case 21.3 39.2  N.A. 
Increase investment cost by 20% 18.8 32.3  213 
Decrease in value of avoided energy by 20% 18.9 26.9  (63) 
No reduction of major breakdown incidents  14.8 12.9  N.A. 

 

( ) = negative, EIRR = economic internal rate of return, N.A. = not applicable, NPV = net present value, 
SV = switching value. 
Source: Asian Development Bank estimates. 

 

Capital 
expenditure

O&M cost 
(Incremental)

Incremental 
Energy

Avoided forced 
maintenance

0.4 0.0 0.0 0.0 (0.4)
6.2 0.0 0.0 0.0 (6.2)
9.0 0.0 0.0 0.0 (9.0)

22.5 0.0 0.0 0.0 (22.5)
15.0 0.0 0.0 0.0 (15.0)
0.0 0.1 4.7 0.0 4.6
0.0 0.1 5.2 0.0 5.1
0.0 0.1 5.7 0.0 5.6
0.0 0.1 27.0 4.0 30.9
0.0 0.1 6.9 0.0 6.8
0.0 0.1 28.3 40.0 68.2
0.0 0.1 8.3 0.0 8.2
0.0 0.1 9.2 0.0 9.0
0.0 0.2 10.1 0.0 9.9
0.0 0.9 11.1 0.0 10.2
0.0 0.2 12.2 0.0 12.0
0.0 0.2 13.4 0.0 13.2
0.0 0.2 14.8 0.0 14.5
0.0 0.3 16.2 0.0 16.0
0.0 0.3 17.8 0.0 17.6
0.0 0.3 19.6 0.0 19.3
0.0 0.3 21.6 0.0 21.2
0.0 0.4 23.8 0.0 23.4
0.0 0.4 26.1 0.0 25.7
0.0 1.2 28.7 0.0 27.5
0.0 0.5 31.6 0.0 31.1
0.0 0.6 34.8 0.0 34.2
0.0 0.6 38.3 0.0 37.6
0.0 0.7 42.1 0.0 41.4
0.0 0.7 46.3 0.0 45.5

EIRR 21.3%
NPV@12% 39 million 

Benefits ($ million) Net  
benefit

($ million)

Cost ($ million)
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D. Financial Analysis 

1. Project Costs  

12. The financial cost–benefit analysis compares the costs and benefits of the project from 
the viewpoint of EPP. The project costs use market prices. Taxes and duties may be exempted 
by the government or borne by EPP, comprising the counterpart funding contribution, and 
included in the project financial costs.  
 

2. Project Revenues 

13. Similar to the economic analysis, the financial analysis assumed that under the without-
project case, the existing equipment will start to deteriorate in 2013 (losing 5% of the energy 
generation) and then continue to deteriorate gradually at 10% per year. For outages caused by 
incidents at the 500 kV cables and turbine generator, the assumptions are equal to the 
economic analysis. The avoided loss of the electricity sales revenue is the project revenue. The 
avoided loss of sales revenue in the base case is valued at $0.0092/kWh, which is the 5-year 
average sales revenue (export and domestic sales) of EPP for 2007–2011.  
 

3. Weighted Average Cost of Capital   

14. Under the financial analysis, the financial return (FIRR) is gauged against the weighted 
average cost of capital (WACC). To compute the WACC, it is assumed that the financing 
sources include ADB funds relent at 1.5% in nominal terms, and EPP equity contribution. Based 
on the Kyrgyz Republic’s long-term depository interest rate, the cost of EPP equity is calculated 
at 12% in nominal terms. The corporate tax rate is 10%. Domestic inflation is assumed 8%, and 
an international cost escalation factor of 0.4% is used to calculate the real cost of borrowing for 
the ADB loan. The WACC is estimated at 1.1% in real terms (Table 3).  
 

Table 3: Weighted Average Cost of Capital 

  Financing source (%) 
Item Item Description ADB Loan EPP Total 
A. Amount of project ($ million) 55.5  6.6  62.1  
B. Weighting 89.0 11.0 100.0 
C. Nominal cost 1.5 12.0 

 D. Tax rate 10.0 10.0 
 E. Tax adjusted nominal cost [C x (1-D)] 1.4 10.8 
 F. Inflation rate [per annum] 0.4 8.0 
 G. Real cost [(1+E)/(1+F)-1] 0.8 2.6 
 H. Weighted cost 0.8 0.3 1.1 

I. WACC (in real terms) 
 

1.1 
ADB = Asian Development Bank, EPP = Electric Power Plants (open joint-stock company), WACC = weighted 
average cost of capital. 
Source: Asian Development Bank estimates. 

 
4. Analysis 

15. The FIRR is calculated at 12.3% for the project. This rate compares favorably with the 
estimated WACC of 1.1%, substantiating the financial viability of the project (Table 4).  
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Table 4: Financial Internal Rate of Return 

 
( ) = negative, FIRR = financial internal rate of return, NPV = net present value, O&M = operation and 
maintenance. 
Source: Asian Development Bank estimates. 

 
5. Sensitivity Analysis 

 
16. The sensitivity analysis examined the parameters with the greatest impact on the 
financial indicators. These are the investment costs, avoided energy losses from the Toktogul 
HEPP and generation tariff, and occurrence of major incidents. The result confirms the 
robustness of the financial viability of the project (Table 5). The FIRR remains above the WACC, 
and the switching values are high under all circumstances.  
  

Capital 
expenditure

O&M cost 
(Incremental)

Incremental 
Energy

Avoided forced 
maintenance

2012 0.4 0.0 0.0 0.0 (0.4)
2013 7.0 0.0 0.0 0.0 (7.0)
2014 10.0 0.0 0.0 0.0 (10.0)
2015 25.3 0.0 0.0 0.0 (25.3)
2016 16.7 0.0 0.0 0.0 (16.7)
2017 0.0 0.1 2.1 0.0 2.0
2018 0.0 0.1 2.4 0.0 2.2
2019 0.0 0.1 2.6 0.0 2.5
2020 0.0 0.1 12.3 4.0 16.1
2021 0.0 0.1 3.1 0.0 3.0
2022 0.0 0.2 12.9 40.0 52.7
2023 0.0 0.2 3.8 0.0 3.6
2024 0.0 0.2 4.2 0.0 4.0
2025 0.0 0.2 4.6 0.0 4.4
2026 0.0 1.2 5.0 0.0 3.8
2027 0.0 0.3 5.5 0.0 5.3
2028 0.0 0.3 6.1 0.0 5.8
2029 0.0 0.3 6.7 0.0 6.4
2030 0.0 0.3 7.4 0.0 7.0
2031 0.0 0.4 8.1 0.0 7.7
2032 0.0 0.4 8.9 0.0 8.5
2033 0.0 0.5 9.8 0.0 9.4
2034 0.0 0.5 10.8 0.0 10.3
2035 0.0 0.6 11.9 0.0 11.3
2036 0.0 1.6 13.1 0.0 11.5
2037 0.0 0.7 14.4 0.0 13.7
2038 0.0 0.7 15.8 0.0 15.1
2039 0.0 0.8 17.4 0.0 16.6
2040 0.0 0.9 19.1 0.0 18.2
2041 0.0 1.0 21.1 0.0 20.1

FIRR 12.3%
NPV@1.1% 155 million   

Year
Revenue ($ million) Net  

benefit
($ million)

Cost ($ million)
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Table 5: Sensitivity Analysis – Financial Analysis 

Scenario  
FIRR  
(%) 

NPV 
($ million) 

SV  
(%) 

Base case 12.3 153  N.A. 
Increase investment cost by 20% 10.4 142  368 
Decrease in value of avoided energy by 20% 11.0 120  (93) 
Decrease of generation tariff by 20%  10.6 117  (84) 
No breakdown incidents 

7.3 97  

II. N.A
. 

( ) = negative, FIRR = financial internal rate of return, N.A. = not applicable, NPV = net present 
value, SV = switching value.  
Source: Asian Development Bank estimates. 
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