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ECONOMIC ANALYSIS 
 

A. Background and Approach 
 

1. The project is designed to rehabilitate and modernize Timor-Leste’s electricity supply 
network. The project includes the deployment of smart metering and associated infrastructure, 
rehabilitation of medium- and low-voltage networks, construction of a distribution network and 
distribution control center (DCC), installation of a distribution automation system (DAS), and 
establishment of a distribution management information system (DMIS). An institutional 
strengthening component covers staff training and the development of guidelines and operation 
manuals for the DAS, automatic meter reading, advanced meter infrastructure, the DMIS, and the 
dispatch and control center, as well as updating of electricity grid codes.  
 
2. Economic evaluation of the proposed project followed Asian Development Bank (ADB) 
guidelines for the economic appraisal of projects.1 The evaluation considered the project in 
aggregate, comparing the economic internal rate of return (EIRR) against the hurdle rate of 9%. 
 
B. Rationale for Intervention 

3. In general, electricity generation, 150-kilovolt (kV) transmission, and 20 kV distribution 
networks in Timor-Leste have adequate capacity and are constructed to an acceptable standard. 
However, the medium-voltage distribution network and particularly the low-voltage 0.4 kV network 
are poorly configured and maintained, resulting in poor reliability and high technical losses. A lack 
of a distribution dispatch center is a barrier to reliable and efficient network operation and 
maintenance (O&M).  
 
4. The absence of a commercial framework for the electricity sector means that revenue 
collection does not receive proper attention. Consequently, distribution losses are extraordinarily 
high, exceeding 50% of electricity sent out and requiring fundamental changes in the way 
electricity consumption is metered and billed.  
 

C. Electricity Demand and Supply 
 

5. The government owns three diesel-fueled power stations with total installed and available 
capacity of 287 megawatts (MW). The three plants were commissioned in 2011 and 2013. Private 
companies operate them. Peak electricity demand was about 70 MW in 2017 and is forecast to 
increase to 270 MW by 2030, indicating significant excess generation capacity at present. Most 
generation capacity sits idle much of the year and some units do not operate at all. Despite 
significant potential for renewable generation, the country’s generation mix has none. 
 
6.  In 2016, total generation was about 410 gigawatt-hours (GWh), of which 384 GWh were 
available for sale at 150 kV substations. However, only 195 GWh of electricity were billed to 
consumers, indicating total commercial and technical losses of 51% across the supply network. 
Most of the loss is understood to be through unmetered consumption, with as many as 50,000 
consumers having an unmetered connection.  
 
 
 

 
1 ADB. 2017. Guidelines for the Economic Analysis of Projects. Manila; and ADB. 2013. Cost–Benefit Analysis for 

Development: A Practical Guide. Manila. 

http://www.adb.org/Documents/RRPs/?id=49177-002-3
https://www.adb.org/sites/default/files/institutional-document/32256/economic-analysis-projects.pdf
https://www.adb.org/sites/default/files/institutional-document/33788/files/cost-benefit-analysis-development.pdf
https://www.adb.org/sites/default/files/institutional-document/33788/files/cost-benefit-analysis-development.pdf
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D. Alternative Analysis 

7. The proposed smart metering rollout is the least-cost means of mitigating pervasive 
commercial losses and provides Electricidade de Timor-Leste (EDTL) with a rich data set on 
consumers to inform tariff design and to provide timely information to decision makers. Distribution 
automation and a centralized DCC are essential elements in modern power systems and have no 
practical alternative. 

  
E. Project Economic Benefits 

8. Smart metering provides a direct means through which EDTL can reduce pervasive 
commercial losses. Collection inefficiency, or failure to recover payment from consumers for billed 
electricity, is resolved automatically through prepayment smart meters as no bills are sent out and 
consumers pay before consumption. For postpaid customers, consumer bills are generated and 
transmitted automatically with no need for manual intervention. Billing inefficiency, or electricity 
that is delivered but not billed, is reduced in several ways. First, electromechanical meters, which 
tend to underread electricity consumption and can become stuck, recording no consumption at 
all, can be replaced. Electronic smart meters are more accurate and stable, and when they fail—
or are tampered with—an electronic report can be generated automatically and sent 
instantaneously. Second, electricity theft can be revealed instantaneously using the difference 
between instantaneous demand on a distribution transformer and the sum of instantaneous 
consumer demand downstream of it. The meters themselves cannot eliminate theft, however, and 
EDTL must investigate and disconnect any illegal connections. 
 
9.  In 2016, EDTL recorded distribution losses equal to 51% of the electricity received at 150 
kV substations, excluding collection inefficiency. Of the losses, an estimated 10% are technical 
losses and 14% are unmetered consumption by about 50,000 consumers. The balance of 27% is 
assumed to be mostly illegal connections and inaccurate meters. This analysis assumed that all 
losses from unmetered consumption and half of other nontechnical losses would be eliminated. 
Technical losses were assumed to be unaffected. Collection efficiency was assumed to increase 
to 100% for smart meters configured as prepayment meters and to 95%–97% for postpaid 
customers.  
 
10. It was further assumed that 70% of loss reduction would convert into sales, with the 
balance allowing reduced electricity generation. Commercial losses converted into sales are not 
considered to have economic benefit, but avoided generation conveys a benefit to the economy 
though resource cost savings.  
 
11. Much of the distribution network has not been properly maintained and is now at the end 
of its service life. One subproject will rehabilitate or replace and modernize network elements that 
are damaged and particularly prone to failure: poles, pole accessories, conductors, connectors, 
switchgear, fuses and other protective devices, overloaded distribution transformers, low-voltage 
switch gear, and service drops. About 10% of the existing network will be either rehabilitated or 
replaced. 
 
12. Together with the DAS and the DCC, the main benefit of network rehabilitation will be 
reduced short-term outages caused by network faults. Based on international experience, the 
number of 20 kV faults each year will be reduced from about 24 now to an estimated 8 after the 
two subprojects are completed. The duration of each outage will shorten from about 120 minutes 
now to about 80 minutes. Rehabilitating transformer low-voltage fuses and switchgear will reduce 
distribution transformer outages from an average of two per transformer per year, each previously 
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causing an outage lasting on average 2 days for about 124 customers. International experience 
suggests that outages will be reduced by 80% once low-voltage protection has been restored, 
and once the load has been transferred from overloaded transformers into new transformers 
installed under the subproject. Outage reduction will allow about 1.5 GWh of additional demand 
to be served from the grid, avoiding the use of alternative energy sources.  
 
13. The proposed DMIS subproject will convey numerous benefits to EDTL and Timor-Leste 
in the form of advanced asset information and management. Because these benefits are difficult 
to quantify and value, however, they have been excluded from the analysis, although the cost of 
the DMIS is included. Similarly, the cost of institutional strengthening has been included in the 
analysis with no benefits ascribed to it. 
 
14. Valuation of benefits. The 46 GWh reduction in electricity consumption that is expected 
to occur because of smart meter rollout was valued at the economic cost of generation from 
existing generating plant, adjusted for technical losses in transmission and distribution networks. 
The reduction in 2 GWh of short-term outages arising from the network rehabilitation and DAS 
and DCC subproject implementation was valued at the estimated cost of using kerosene lamps 
for household lighting and small diesel-fueled generators by other consumers. Fuel costs were 
valued using World Bank projections for international crude oil prices, converted to border price 
equivalent values for kerosene and diesel, giving an economic fuel cost in 2025, the first full year 
of output from the project, of $0.42/kWh for household consumers and $0.13/kWh for other 
consumers.2  

 
15. By displacing generation from alternative energy sources and reducing electricity 
generation from the grid, the project will reduce greenhouse gas emissions by an estimated 
27,500 tons of carbon dioxide equivalent annually. This reduction provides an economic benefit 
valued at $42.5 per ton of carbon dioxide equivalent in 2020, increasing by 2% annually in real 
terms. Project economic benefits are summarized in Table 1. 
 

Table 1: Project Economic Benefits 
Item    2023 2024 2025 2026 2027    2044a 
          

1. Smart metering        

 Reduced generation (GWh) 0.0 1.3 15.6 46.3 46.3 11.0 

 Unit value ($/kWh) 0.1 0.1 0.1 0.1 0.1 0.1 

 Value ($’000) 0.0 156.8 1,901.5 5,713.0 5,800.2 1,435.8 

 Reduced emissions (t CO2e) 0.0 809.0 9,666.4 28,599.6 28,599.6 6,774.0 

 Unit value ($/tCO2e) 44.9 45.8 46.7 47.7 48.6 68.1 

 Value ($’000) 0.0 37.1 451.7 1,363.1 1,390.4 461.1 

2. Rehabilitation of distribution network, automation system, and control center 

Non-incremental consumption (GWh) 0.0 0.0 0.8 3.5 3.6 1.3 

 Unit value ($/kWh) 0.3 0.3 0.3 0.3 0.3 0.3 

 Value ($’000) 0.0 10.5 278.5 1,187.9 1,266.4 464.4 

 Reduced emissions (t CO2e) 0.0 (19.4) (508.4) (2,135.5) (2,242.2) (822.3) 

 Unit value ($/tCO2e) 44.9 45.8 46.7 47.7 48.6 68.1 

 Value ($’000) 0.0 (0.9) (23.8) (101.8) (109.0) (56.0) 

Total economic benefits ($’000) 0.0 203.5 2,607.9 8,162.3 8,347.9 2,305.3 
      

( ) = negative, DAS = distribution automation system, DCC = distribution control center, GWh = gigawatt-hour, kWh = 
kilowatt-hour, t CO2e = ton of carbon dioxide equivalent. 
a For brevity, only selected years are shown. 
Source: Asian Development Bank estimates. 

 
2 World Bank. 2020. Commodity Markets Outlook, April 2020. Washington, DC. 

https://openknowledge.worldbank.org/bitstream/handle/10986/33624/CMO-April-2020.pdf?sequence=9&isAllowed=y
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F. Project Economic Costs 

16. Capital cost estimates reflect mid-2020 prices. Cost components were broken down into 
equipment, civil works and construction, project management, and environmental and social 
mitigation. The domestic price numeraire was used, simplified by use of the United States dollar 
as the domestic currency in Timor-Leste (and therefore a shadow exchange rate factor of 1). The 
analysis assumed no significant distortions in the wage rates for local skilled labor. As for unskilled 
labor, underemployment is significant, so a shadow wage rate of 0.7 was adopted.3 The project 
does not require any land. Historically, the cost of EDTL O&M, excluding fuel, has equaled about 
4% of the gross value of EDTL assets. Therefore, a value of 4% of the gross value of in-service 
project assets was adopted to estimate incremental O&M costs.  
   
17. As noted in para. 14, the cost of generating electricity using existing generating plant was 
estimated based on the 2016 generation and fuel consumption of the plant and projected using 
World Bank forecasts for international crude oil prices. On this basis, the economic cost of 
generating electricity using existing plant was estimated at $.0125/kWh. 
 
G. Economic Internal Rate of Return and Sensitivity Analysis 
 
18. Investment was assumed to take place over 2022–2026. Benefits are assumed to be fully 
realized from 2027, and a period of 20 years from commissioning was used for economic 
evaluation. Asset residual value makes negligible difference and was ignored for the evaluation. 
Because benefits overlap between most of the subprojects, only an overall EIRR has been 
calculated. The EIRR is estimated at 11.8%, which exceeds the assumed hurdle rate of 9%. The 
EIRR calculation is summarized in Table 2. Risks that the proposed project may not achieve 
satisfactory economic returns were identified from both the cost and the benefit side, and 
downside scenarios were tested in relation to assumed benefits, capital cost, O&M costs, 
electricity generation costs, greenhouse gas emissions, and commissioning delays. Sensitivity 
testing considered the impact of a significant $20 million midlife upgrade to automation and 
information technology components. For each risk identified, the sensitivity of the project EIRR 
was tested and switching values were calculated.4 Sensitivity results are shown in Table 3. The 
EIRR falls below 9% for capital cost and greenhouse gas emission sensitivities.  
 

Table 2: Economic Internal Rate of Return Calculation 
($’000) 

Year Benefits   Costs   Net 

  Non-Incremental Output Reduced Emissions   Capital O&M Generation   Benefits 

2022 0  0   4,751  0  0    (4,751) 

2023 0  0   11,208  0  0    (11,208) 

2024 167  36   13,011  64  7    (12,878) 

2025 2,180  428   10,797  579  146    (8,914) 

2026 6,901  1,261   4,432  1,591  504    1,636  

2043a 8,826  1,582   0  1,768  1,226    7,414  

2044 1,900  405   0  707  266    1,332  

            EIRR: 
 

11.8% 

            ENPV:   6,671  

 
3 No values could be found for opportunity cost of skilled and unskilled labor. The International Labour Organization 

highlights the high minimum wage in the country and consequential high unemployment rate, suggesting that the 
opportunity cost is well below 1. 

4 A switching value measures the percentage change in the variable required to reduce the EIRR to the assumed 
hurdle rate.  
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( ) = negative, EIRR = economic internal rate of return, ENPV = economic net present value, O&M = operation and 
maintenance. 
a For brevity, only selected years are shown. 
Source: Asian Development Bank estimates. 

 
Table 3: Sensitivity Analysis 

Sensitivity Parameter Variation EIRR ENPV SV (EIRR) 

      (%) ($ million) (%)  

  Base case   11.8 6.7   

1 Project capital costs 20% 8.6 (1.0) 17.6 

2 Limit on loss reductiona (50%) 10.1 2.5 (82.4) 

3 Project O&M costs 20% 11.0 4.8 71.9 

4 Oil price (25%) 9.2 0.5 (27.2) 

5 Limit on outage reductionb (50%) 11.0 4.6 (169.6) 

6 Midlife capital expenditure $20 million 10.0 2.3  

7 No GHG reduction benefits (100%) 8.6 (0.9)  

8 Delayed commissioning 1 year 10.2 3.2   

EIRR = economic internal rate of return, ENPV = economic net present value, GHG = greenhouse gas, 
O&M = operation and maintenance, SV = sensitivity value. 
a 50% reduction in the assumed billing efficiency improvement was tested. 
b Outages reducing by 33.5% rather than by 67.0% were tested. 
Source: Asian Development Bank estimates. 

 
H. Project Sustainability 
 
19. The implementation of smart metering through the project will close the gap between the 
cost of supply and revenue recovery, but electricity will continue to be heavily subsidized. Project 
sustainability can be considered at risk, underpinning the need for ongoing technical assistance 
to the government and policy dialogue with it to ensure that reform momentum is maintained. 
 


