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ECONOMIC ANALYSIS OF TRANCHE 1 
 
A. Macroeconomic Context and Demand Analysis 

 
1. Papua New Guinea (PNG) has been experiencing strong growth, with an annual 
average growth rate of 3% over the past 8 years. The country's economy proved resilient to the 
global economic crisis, and grew by an estimated 4.5% in 2009. Growth is fueled by growing 
mineral and agricultural exports, and is forecast to increase by 5.5% in 2010 and 7.7% in 2011.1

 
 

2. Access to electricity is concentrated in urban areas and is very limited outside of urban 
centers. The current power supply to provincial urban centers is of relatively poor quality, with 
frequent load shedding and an inability to meet growing demand. As a result industrial 
consumers often self-generate power using expensive diesel-fired generators. Continued 
growth in the mining, oil, and gas industries and the agriculture sector are expected to create 
new jobs, improve living standards, and encourage urban migration and movement of people 
away from rural areas. Although rates of urbanization will vary between the country’s urban 
centers, it is expected to increase by an average of 5% per year.2

 
  

3. Rising incomes and urbanization can also be expected to create growing demand for 
electricity in PNG. Nationwide electricity demand is projected to grow at 4.13% during 2009–
2018 and to increase from 801.4 gigawatt-hours in 2009 to 1,139.6 gigawatt-hours in 2018.3

 

 
The corresponding aggregate maximum demand is projected to increase from 182.33 
megawatts (MW) in 2009 to 256.18 MW in 2018.  

Table 1: Forecasted Demand at the National Level and in Selected Town Centers (MWh) 
 

Item 2010 2012 2014 2016 2018 
National Level      
Port Moresby grid 408,715 482,063 523,197 555,059 588,863 
Ramu grid 312,337 502,989 530,359 562,658 596,924 
Gazelle grid 37,392 39,260 41,650 44,187 46,878 
Selected Provincial Centers    
Bialla 2,206 2,318 2,459 2,659 2,876 
Kimbe 13,362 14,039 14,750 15,648 16,601 
Alatou 9,779 10,224 10,741 11,395 12,089 
Buka 5,654 7,901 9,631 10,822 12,159 
Kavieng 8,104 8,431 9,058 9,798 10,597 
Popondetta 5,698 5,870 6,077 6,323 6,578 

MWh = Megawatt-hour. 
Note: Demand listed in Table 1 is supply constrained and does not include unmet demand or self 
generation, or demand in peri-urban and surrounding areas.   
Source: PNG Power Limited. 2009. National and Provincial Ten Year Power Development Plan (2009–
2018). Port Moresby. 
 
 
 
 
 

                                                           

1 Asian Development Bank (ADB). 2010. Asian Development Outlook. Manila. 
2 PNG Department of Petroleum and Energy. 2009. Power Sector Development Plan. Port Moresby. 
3 PNG Power Limited. 2009. National and Provincial Ten Year Power Development Plan, 2009–2018. Port Moresby. 
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B. Least-Cost Analysis 
 
4. A least-cost analysis of generation options in selected provincial urban centers was 
carried out to determine whether options identified and included under the proposed investment 
program would represent the least-cost means of meeting forecasted growth in demand up to 
2032. Proposed subprojects under the investment program include the: (i) construction of a 
three MW hydropower plants at Divune to provide power to Popondetta town center and 
surrounding areas; (ii) construction of a 2.5 MW hydropower plant at Ramazon to serve the 
town of Buka; and (iii) construction of a 150-kilometer 66 kilovolt transmission line to be built 
from Bialla to Kimbe to link the Lake Hargy with the Kimbe generation system, and with an 
additional 3 MW of power produced from methane generated from palm oil mill effluent, sold to 
PNG Power Limited (PPL) by palm oil plantations under purchase agreements. 
 
5. Feasible alternatives that were considered in the analysis include the refurbishment of 
existing diesel generators that have a capacity of 6.3 MW to Buka and Popondetta, and the 
installation of an additional 5.3 MW of diesel capacity to meet growing demand for electricity in 
these urban centers over the next 20 years. The alternative option considered in Kimbe is the 
installation of the Ru Creek 2 hydropower system, which could provide 3 MW of power and 
replace existing diesel generation.  
 
6. The least-cost analysis was carried out in accordance with the Guidelines for the 
Economic Analysis of Projects of the Asian Development Bank (ADB).4

 

 The present value of 
life-cycle costs of each option (including capital investment and operation and maintenance) 
was estimated over the 20-year period of analysis. The capital costs include costs for 
resettlement and land acquisition. Taxes, duties, and value-added government sales tax were 
excluded. The present values of the costs associated with each option and their equalizing 
discount rates are in Table 2.  

Table 2: Present Value of Costs of Proposed and Alternative Options ($ million) 
 

 
Discount Rate 

Proposed Option Under 
Investment Program 

Alternative Feasible 
Option 

 
Difference 

8% 117.027 198.52 -81.49 

12% 102.96 142.67 -39.71 

15% 96.74 114.87 -18.13 

20% 84.56 84.02 0.54 
Source: Asian Development Bank estimates. 

7. The subprojects under the proposed investment program are estimated to be the least-
cost option compared with the feasible alternatives. Capital and investment costs associated 
with the proposed investment plan, which includes the construction of two hydropower plants 
and a transmission line, are substantially higher than the alternative options. However, 
operation and maintenance costs are significantly lower compared with the alternative option (in 
which the bulk of generation is produced from diesel power), largely because of avoided fuel 
costs. The cost of the alternative option is lower than that of the proposed option only when the 
discount rate rises to 20% or above.  
 

                                                           

4 ADB. 1997. Guidelines for the Economic Analysis of Projects. Manila. 
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C. Economic Valuation of Costs and Benefits 
 
 1. Estimation of Costs 
 
8. The costs to society are the capital investment and operating costs of the proposed 
subprojects and associated costs of environmental and social mitigation. Costs are 
denominated in domestic price numeraires at constant 2010 prices. Transfers such as taxes 
and duties have been excluded. Traded components are converted into economic prices using 
a shadow exchange rate factor of 1.08.  A shadow wage rate factor of 0.67 is used to convert 
financial into economic wage rates for unskilled labor. 
 
 2. Estimation of Benefits 
 
9. The net economic benefits in the analysis were derived by comparing the “with” and 
“without” project scenarios. Under the “without project” situation, it is assumed that the PNG 
Power Limited would serve demand through existing diesel generation capacity, and that no 
new capacity would be added to the current system over the project period.  Under the “with 
project” scenario, diesel generation would be replaced by constructing hydropower plants to 
provide electricity to Buka, Popondetta, and the surrounding areas. In the third subproject area, 
a transmission line would be installed, and additional capacity would be added to the grid from 
palm oil producers.  
 
10. The project benefits comprise: 
 

(i) reduction in economic costs of electricity supply as a result of displacing higher-
cost diesel power with hydropower, and power produced from methane from 
palm oil plantations; 

(ii) elimination of current and future potential suppressed demand for electricity by 
adding additional generating capacity to the system through hydropower and 
power produced from methane; and 

(iii) environmental benefits through reduced air pollution. 
 
11. The first two categories of benefits are partially quantifiable and are included in the 
calculation of the economic internal rate of return (EIRR) below. The third is not quantifiable but 
is instead included in the analysis qualitatively. 
 
12. Provincial towns that are the target of the proposed investment program are currently 
served by aging and inefficient diesel generators with low reliability and high operation and 
maintenance costs. Replacing power produced from these diesel plants would result in 
significant resource cost savings. Benefits are estimated as avoided operation and maintenance 
costs including fuel costs that result from installing hydropower systems to replace existing 
diesel generators over the 20-year period of analysis. Fuel cost estimates are based on 
economic prices of diesel in PNG town centers in 2010, which are conservatively estimated to 
increase by 2% per annum until 2032.  The average fuel efficiency of existing generators over 
the 20-year period is estimated to be 0.32 liters per kilowatt-hour (kWh).  
 
13. Demand for electricity in Buka, Kimbe, Ponpondetta and, and its surrounding areas 
exceeds the capacity of the current system. It is estimated that total annual peak demand in the 
six town centers targeted under the investment program will increase to 11.3 MW in 2013, which 
cannot be met reliably with existing generation capacity. Under the “without project” scenario, 
electricity consumers would continue to experience a growing curtailment in demand for 
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electricity, since it is assumed that no additional capacity would be added to the grid. The “with 
project” scenario would result in benefits by removing curtailment in demand by adding extra 
generating capacity through hydropower and power purchased from palm oil plantations. The 
costs imposed by supply shortages under the “without project” scenario are assumed to vary 
according to different consumer categories.   
 
14. Energy demand analysis carried out by PNG Power Limited provides estimates of 
current and forecasted suppressed demand for electricity in main town centers and surrounding 
areas using energy consumption patterns, demographic trends, per capita income levels and 
current electricity production rates (footnote 3). These estimates are used as the basis for 
estimating total unmet demand for electricity in sub-project areas over a 20-year period. 
Suppressed demand for electricity (kWh) provided through the grid is valued at the estimated 
willingness to pay for electricity (i.e. the unmet demand for electricity as valued by energy 
consumers). Willingness to pay for electricity was estimated to be K1.32 ($0.45) per kWh 
among domestic consumers, and K1.47 ($0.50) per kWh among nondomestic consumers.5

 

 
Given the significant per kWh costs of alternatives such as using kerosene lamps for lighting or 
self-generation using diesel generators, willingness to pay is around twice the existing national 
tariff rates of around K0.60 per kWh for domestic users, K0.74 per kWh for nondomestic users 
and K0.48 per kWh for industrial users. These estimates are slightly higher than other recent 
willingness to pay studies which have been carried out in PNG, which have estimated an 
average willingness to pay of around K1 per kWh (footnote 2). However, this discrepancy could 
be explained by the fact that other willingness to pay studies have focused on rural consumers, 
whereas the proposed subprojects will largely focus on urban populations living in and around 
selected provincial town centers   

15. The proposed subprojects can also be expected to generate positive environmental 
benefits by replacing diesel plants with hydropower, resulting in avoided nitrogen oxide, 
particulate matter, sulfur dioxide, and carbon dioxide emissions. Unconstrained access to a 
reliable source of electricity can also be expected to stimulate local economic development and 
employment. However, the value of these benefits was not included in the analysis.  
 

3. Economic Internal Rate of Return 
 
16. The EIRR was calculated for each subproject by calculating the discount rate at which 
the total present value of benefits and the total present value of costs are equalized. The results 
presented in Table 3 indicate that all three proposed subprojects exceed the proposed EIRR 
threshold of 12%, and are therefore considered economically viable.    
 

Table 3: Summary of Economic Internal Rate of Return Calculation (K ‘000) 
 

Year 

Divune HPP Lake Hargy Interconnection 
 

Ramazon HPP 

Total 
Econ. 
Cost 

Total 
Econ. 

Benefits 
Net Econ. 
Benefits 

Total 
Econ. 
Cost 

Total 
Econ. 

Benefits 

Net 
Econ. 

Benefit
s 

Total 
Econ. 
Cost 

Total 
Econ. 

Benefits 

Net 
Econ. 

Benefits 

2011 41,753 0 (41,753) 25,418 0 -25,418 56,399 0 -56,399 

2012 17,837 0 (17,837) 10,894 0 -10,894 24,167 0 -24,167 

                                                           

5 The methodology for calculating the willingness to pay followed the approach outlined in ADB. 2002. Measuring 
Willingness to Pay for Electricity. ERD Technical Note No. 3. Manila. 
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Year 

Divune HPP Lake Hargy Interconnection 
 

Ramazon HPP 

Total 
Econ. 
Cost 

Total 
Econ. 

Benefits 

Net Econ. 
Benefits 

Total 
Econ. 
Cost 

Total 
Econ. 

Benefits 

Net 
Econ. 

Benefit
s 

Total 
Econ. 
Cost 

Total 
Econ. 

Benefits 

Net 
Econ. 

Benefits 

2013 3,472 15,237 11,765 4,740 13,148 8,407 3,573 18,446 14,873 

2014 3,542 15,696 12,154 4,963 13,247 8,284 3,815 19,151 15,336 

2015 3,614 16,162 12,548 5,196 13,348 8,152 4,110 19,891 15,781 

2016 3,687 16,495 12,808 5,441 13,451 8,010 5,346 20,661 15,315 

2017 3,759 16,921 13,161 5,698 13,556 7,858 6,152 21,521 15,369 

2018 3,834 17,492 13,658 5,967 13,663 7,696 6,528 22,469 15,941 

2019 4,141 17,618 13,477 6,249 13,773 7,524 6,904 22,618 15,713 

2020 4,348 17,746 13,398 6,535 13,884 7,350 7,334 22,769 15,435 

2021 4,565 17,876 13,311 6,834 13,998 7,164 7,764 22,924 15,160 

2022 4,794 18,009 13,215 7,149 14,114 6,966 8,220 23,081 14,861 

2023 5,033 18,145 13,111 7,479 14,233 6,754 8,878 23,242 14,364 

2024 5,285 18,283 12,998 7,826 14,354 6,528 9,322 23,406 14,084 

2025 5,391 18,424 13,033 8,190 14,477 6,287 9,788 23,573 13,785 

2026 5,498 18,568 13,070 8,572 14,603 6,031 10,278 23,744 13,466 

2027 5,498 18,715 13,216 8,973 14,731 5,757 10,278 23,918 13,640 

2028 5,498 18,865 13,366 9,395 14,862 5,467 10,278 24,095 13,818 

2029 5,498 19,017 13,519 9,837 14,995 5,158 10,278 24,276 13,999 

2030 5,498 19,173 13,675 10,302 15,131 4,829 10,278 24,461 14,183 

2031 5,498 19,332 13,834 10,790 15,270 4,480 10,278 24,649 14,372 

2032 -21,068 19,494 40,562 2,504 15,411 12,908 -29,469 24,841 54,311 

EIRR   18.59%   18.11%   16.40% 
NPV   27,530   13,289   23,210 

HPP = hydropower plant, EIRR = economic internal rate of return, NPV = net present value. 
Source: Asian Development Bank estimates. 
 
17. Sensitivity analysis. An analysis was undertaken to test the sensitivity of the estimated 
EIRRs of the proposed subprojects to adverse changes in key variables and to confirm their 
economic viability under unfavorable conditions. Five major risks are considered: (i) an increase 
of 10% in capital cost; (ii) an increase of 10% in operating and maintenance costs; (iii) a 10% 
decrease in benefits; (iv) combination of (i), (ii), and (iii); and (v) a 2-year delay in project 
implementation. A summary of the results of sensitivity analysis due to changes in the major 
parameters is included in Table 4. The analysis indicates that the EIRR remains robust under all 
scenarios, except the “all of the above” scenario, under which EIRR for the Lake Hargy 
interconnection and Ramazon subprojects drops below 12%.  

 
Table 4: Sensitivity Analysis of Economic Internal Rate of Return 

(%) 

Sensitivity Case Scenario 
EIRR 

Divune HPP Ramazon HPP Lake Hargy 

Base Case 18.6 16.4 18.1 
1. Increase in capital cost by 10% 17.0 14.8 16.3 
2. Increase in operating cost by 10% 18.1 15.7 16.6 
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Sensitivity Case Scenario 
EIRR 

Divune HPP Ramazon HPP Lake Hargy 

3. Decrease in benefits by 10% 16.3 14.0 14.5 
4. All of the above 14,3 12.0 11.1 
5. 2-year delay 14.9 13.0 12.9 

EIRR = economic internal rate of return, HPP = hydropower plant. 
Source: Asian Development Bank estimates. 

 


