
Greater Male Waste-to-Energy Project (RRP MLD 51077-003)   
 

ECONOMIC ANALYSIS 
 

A. Introduction 
 

1. Maldives recorded a remarkable economic growth with an average annual increase of 
6.1% during 2013–2018.1 In 2018, the service sector contributed to 73% of Maldives’ gross 
domestic product (footnote 1), which was mostly concentrated in the Greater Malé region.2 The 
urban population of Maldives increased from 11.9% in 1970 to 40.2% in 2019, with average 
annual growth rate of 2.55%.3 Because of the country’s urbanization, several challenges have 
constrained the urban areas of Maldives from developing into competitive, sustainable, and livable 
places. 
 
2. The project area, which covers the Greater Malé region and 32 inhabited outer islands 
and 86 tourist resorts within the Alifu Alifu Atoll, Alifu Dhaalu Atoll, Kaafu Atoll, and Vaavu Atoll, 
suffers from severe environmental pollution and deteriorating livability because of inadequate 
collection and haphazard disposal of solid waste. Open dumping and burning of garbage at 
Thilafushi island (6 kilometers from Malé) dump site established in 1992 poses an environmental 
and public health hazard, causing a daily nuisance to residents and tourists in the project area. 
 
3. The project is aligned with the following impact: waste as a valuable resource for income 
generation promoted. The project will have the following outcome: solid waste treatment and 
disposal services improved in the Greater Malé region and its outer islands. The project will have 
two outputs: (i) disaster- and climate-resilient regional waste management facility developed (i.e., 
a 500-tons-per-day [tpd] waste-to-energy [WTE] plant with landfill infrastructure for safe disposal 
of residuals); and (ii) institutional capacity in sustainable WTE service delivery and environmental 
monitoring, and public awareness on WTE and reduce-reuse-recycle improved.  
 
4. Rationale for the government intervention. The rationale for government involvement 
is sound, as the government intervention under the project focuses mainly on basic urban 
services, including solid waste management (SWM), where (i) there is a natural monopoly in the 
SWM treatment; and (ii) the services provided are public goods managed by the government. The 
SWM policies of the country include the National SWM Policy (2015) and the Waste Management 
Regulation (No 2013/R-58). 4  
 
B. Demand Analysis 

 
5. Under the without-project scenario, waste generation (excluding construction and 
demolition waste) would increase from 297 tpd in 2020 to 530 tpd in 2032,5 unsustainable disposal 
practices (open dumping and uncontrolled burning of waste) would continue, and the scarcity of 
land would limit space for waste disposal.6 These predicted outcomes justify the adoption of WTE 
(incineration) treatment and public awareness campaigns on reduce-reuse and recycle under the 
with-project scenario. In addition, the environmental pollution caused by open dumping and 

 
1  Government of Maldives, National Bureau of Statistics. 2019. Statistical Yearbook of Maldives 2019. Malé. 
2  The Greater Malé region includes Malé, Hulhumalé, Villingili, and the industrial islands: Thilafushi and Gulhi Falhu. 
3  Knoema. World Data Atlas. Maldives: Urban population as a share of total population (accessed on 27 January 

2020).  
4  Government of Maldives, Ministry of Environment (MOE). 2015. National Solid Waste Management Policy for the 

Republic of Maldives. Malé. 
5  Government of Maldives, MOE. 2018. Feasibility Study for an Integrated Solid Waste Management System for Zone 

III and Preparation of Engineering Design of the Regional Waste Management Facility at Thilafushi. Malé. 
6  With no WTE plant, there would be insufficient landfill space to meet the supply of solid waste, and there would be 

need of extra land in 2035. 

http://www.adb.org/Documents/RRPs/?id=51077-003-3
http://www.adb.org/Documents/RRPs/?id=51077-003-3
http://statisticsmaldives.gov.mv/yearbook/2019/
https://knoema.com/atlas/Maldives/Urban-population
http://www.mvlaw.gov.mv/pdf/gavaid/minHousing/28.pdf
http://www.mvlaw.gov.mv/pdf/gavaid/minHousing/28.pdf


2 

burning of waste poses a significant threat to public health. About 46% of the population living in 
the vicinity of the existing dump site reported health issues.7 In terms of demand for by-products 
of the proposed WTE treatment (footnote 5), market studies established demand for all three by-
products (bottom ash, electricity,  and metals).8 
 
C. Alternative Analysis 

 
6. The feasibility study assessed alternative designs to determine the least-cost option to 
achieve the project’s objectives (footnote 5). These included, among others, selection of 
technology for composting, landfill, and WTE. The feasibility study also identified the most 
appropriate waste management option using (i) the screening and selection process known as 
“the best practicable environmental option”9 and (ii) site-specific conditions. Other alternative 
designs that were considered included advanced thermal SWM treatment with energy recovery 
(e.g., gasification and plasma) and biological processes. The feasibility study concluded grate 
incineration with energy recovery and electricity generation to be the optimum technology option 
for the project to meet demand in terms of scale, material, technology, timing, and sustainability. 
 
D. Cost–Benefit Analysis 
 
7. The economic analysis assessed the economic viability of the project in terms of the 
economic internal rate of return (EIRR) and the economic net present value in accordance with 
ADB’s Guidelines for the Economic Analysis of Projects.10  
 
8. Economic costs. The assumptions for the economic cost estimates are as follows: (i) all 
costs are in 2019 constant prices and used the exchange rate of $1.00 = Rf15.40; (ii) the 
projections for 2019–2044 include 5 years of implementation (2020–2024), and assets created 
were assumed to have a 20-year lifespan upon project completion (2025–2044); (iii) economic 
costs of capital works and operation and maintenance (O&M) were calculated from the financial 
cost estimates, with price contingencies and taxes and duties excluded but physical contingencies 
included (Table 1); (iv) power will be evacuated from the WTE plant to Gulhi Falhu island, where 
an international commercial harbor will be developed, through an overhead cable connection with 
a total cost of $7.0 million (O&M  for the transmission line is assumed at $0.05 million per 
annum);11 (v) the economic opportunity cost of capital (EOCC) was assumed at 9% in real terms 
(footnote 10); and (vi) all costs, including capital works and O&M, were valued using the domestic 
price numeraire; unskilled labor was adjusted by a shadow wage rate factor of 0.8712 and 
tradeable inputs were adjusted by a shadow exchange rate factor of 1.07.13 

 
 

7  ADB. 2019. Baseline Socio Economic Survey in Thilafushi and Gulhi Falhu. Consultant’s report. Manila (TA 9327-
MLD).  

8  ADB. 2019. Market Study on the Reuse of Incinerator Bottom Ash and Construction and Demolition Waste in the 
Maldives. Consultant’s report. Manila (TA 9327-MLD). 

9  The SWM Policy (2015) identifies the best practicable environmental option as a strategic tool for the development 
of waste management systems in the country. This tool consists in a systematic and balanced assessment of different 
waste disposal options to identify the option which provides the maximum environmental, economic and social 
benefits (footnote 5). 

10 ADB. 2017. Guidelines for the Economic Analysis of the Projects. Manila. 
11 Based on ADB and MOE estimates. 
12 Shadow wage rate factor is calculated as follows: $7.50 (average daily wage of contractors in Maldives in 2019) / 

$8.59 (minimum daily wage for unskilled labor) = 0.87. (Footnote 1) 
13 Shadow exchange rate factor is calculated as follows: 1+ $152.5 million (average customs duties during 2013-2018)/ 

[$160.6 million (average exports during 2013 - 2018) + $2153.7 million (average imports during 2013 - 2018)] = 1.07. 
(Footnote 1) 

https://www.adb.org/sites/default/files/project-documents/51077/51077-003-eia-en_10.pdf
https://www.adb.org/sites/default/files/project-documents/51077/51077-001-tacr-en.pdf
https://www.adb.org/sites/default/files/project-documents/51077/51077-001-tacr-en.pdf
https://www.adb.org/sites/default/files/institutional-document/32256/economic-analysis-projects.pdf
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Table 1: Details of Project Cost  

Item 

Project Costs 
($million) 

Economic Costsa 

($ million) Project period 

Capital  O&Mb Capital  O&M Implementation O&M 
Solid waste management 151.13 198.60 136.48 179.36 2020–2024 2025–2044 

O&M = operation and maintenance. 
a Excludes taxes and duties, price contingencies, and financial charges, but includes physical contingencies. 
b Includes asset replacement costs. 
Source: Asian Development Bank estimates. 
 
9. Project benefits. The components under the ‘with-project’ scenario include the following: 
(i) construction of a 500 tpd WTE plant with a landfill for safe disposal of air pollution control 
residues and non-marketable bottom ashes; and (ii) strengthening of institutional capacity and 
public awareness on WTE and reduce-reuse-recycle. The project will benefit about 350,000 
people beginning in 2026. The project is expected to improve the environment by avoiding the 
pollution caused by unsustainable waste management practices, resulting in improved public 
health in the project area. Non-incremental benefits include reduced health expenditures for 
residents in the project area. Incremental benefits include (i) avoided land reclamation cost as a 
result of establishment of WTE plant, and (ii) sales of by-products from the processed waste (i.e., 
electricity, bottom ash, and metals generated from the WTE plant). 
 
10. Non-incremental benefits. Non-incremental economic benefits have been calculated as 
savings in health expenses because of a reduction in diseases related to improper handling of 
solid waste (e.g., parasitic and/or vector diseases, intestinal nematode infections, and lower 
respiratory diseases) through the intervention of the project. 
 
11. Incremental benefits. Incremental economic benefits include the by-products available 
for sale from the project, and avoided land reclamation costs.14 From the operation start year 
(2025), the WTE plant is estimated to annually generate 64,824 megawatt-hours hour (MWh) of 
electricity (after accounting for a 7.5% transmission and distribution loss)15, 21,000 tons of bottom 
ash, and 3,360 tons of metal (footnote 5). The generated electricity and the resale value of other 
by-products (bottom ash and metals) are considered incremental benefits. Considering the unit 
rates of by-products and the projected generation of electricity, metals, and bottom ash during the 
operation period (2025–2044), the additional revenue is considered an incremental benefit (Table 
2). Avoided land reclamation costs have been added as an incremental benefit because, in the 
without-project scenario, the existing landfill site would not be sufficient to meet the increased 
supply of solid waste from 2035 onward, and there would be a need for further land reclamation 
because of insufficient land on Thilafushi island. 
 

Table 2: Economic Benefits of the Project 
 
Item 

 
Unit Rate  

Total Benefits (ENPV) 
($ million) 

A.    Non-Incremental Benefits     
a. Savings in health expenditures $47.6/person/yeara 100.7 

B.    Incremental Benefits 
  a. Production cost for sold electricity $408.0/MWhb 128.2 
  b. Revenue from sold bottom ash $3.7/tonc 0.4 
  c. Revenue from sold metals $37.5/tond 0.7 

d. Avoided land reclamation cost $15 millione 3.8 
ENPV = economic net present value, KWh = kilowatt-hour, MWh = megawatt-hour, WTE = waste-to-energy. 
a Savings in health expenditures is calculated as follows: (average per capita annual health expenditure [$821]) x 

(incidence of diarrheal diseases, skin diseases, parasitic and/or vector diseases, and respiratory-related diseases 
 

14 The avoided land reclamation costs total $15 million$, according to ADB’s engineer consultant. 
15 The average transmission and distribution loss in Maldives is 7.5%. 
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caused by the existing sold waste disposal system [7.2%]) x 80% = $47.6/person/year. The 80% was assumed 
because even after operation of the WTE plant, these diseases will not go away entirely. 

b As the willingness-to-pay price not available, the opportunity cost as the average diesel-based electricity production 
cost escalated to 2019 and commercial power tariff for bulk users in 2019 ($0.41/KWh) or $408/MWh was considered. 

c The recommended price for the bottom ash produced from the WTE plant is $5/ton; 75% of the unit rate was assumed 
to account for the price risk. 

d The recommended price for the metals from the WTE plant is $50/ton; 75% of the unit rate was assumed to account 
for the price risk. 

e  The avoided land reclamation was calculated from the economic cost of $12.35 million during 2032–2034 and the 
$2.65 million landfill maintenance cost annually distributed during 2037–2044. 

Sources: Government of Maldives, National Bureau of Statistics. 2019. Statistical Yearbook of Maldives 2019. Malé; 
World Health Organization. 2018. Global Health Estimates 2016: Disease Burden by Cause, Age, Sex, by Country and 
by Region, 2000–2016. Geneva; ADB. 2019. Baseline Socio Economic Survey in Thilafushi and Gulhi Falhu. 
Consultant’s report. Malé (TA 9327-MLD); World Bank. 2015. Implementation Completion and Results Report for the 
Maldives – Clean Energy for Climate Mitigation Project. Washington DC; State Electric Company Limited. 2019. Tariff 
rates. Malé; Government of Maldives, Ministry of Environment. 2018. Feasibility Study for an Integrated Solid Waste 
Management System for Zone III and Preparation of Engineering Design of the Regional Waste Management Facility 
at Thilafushi. Malé. 
 
12. Economic feasibility results. The economic analysis shows the project to be 
economically viable, with the calculated EIRR of 17.8% exceeding the EOCC of 9% (Table 3). 
 

Table 3: Cost and Benefit Streams 
($ million) 

Year 

Constr
-uction 

Cost 
O&M 
Cost 

Total 
Cost 

Non-
Incremental 

Savings Incremental Benefits 

Total 
Benefits 

Net 
Benefits 

Health 
Benefits 

Electricity 
Sale 

Revenue 
Bottom 

Ash Sale 

Revenue 
Metals 
Sale 

Avoided 
Land 

Reclamation 
2020 0.4 0.0 0.4 0.0 0.0 0.0 0.0 0.0 0.0 (0.4) 
2021 20.3 0.0 20.3 0.0 0.0 0.0 0.0 0.0 0.0 (20.3) 
2022 34.5 0.0 34.5 0.0 0.0 0.0 0.0 0.0 0.0 (34.5) 
2023 36.0 0.0 36.0 0.0 0.0 0.0 0.0 0.0 0.0 (36.0) 
2024 50.1 0.0 50.1 0.0 0.0 0.0 0.0 0.0 0.0 (50.1) 
2025 1.2 9.0 10.2 12.3 18.1 0.1 0.1 0.0 30.5 20.3 
2026 0.4 9.0 9.3 16.7 24.2 0.1 0.1 0.0 41.0 31.7 
2027 0.0 9.0 9.0 17.0 24.2 0.1 0.1 0.0 41.4 32.4 
2028 0.0 9.0 9.0 17.3 24.2 0.1 0.1 0.0 41.7 32.7 
2029 0.0 9.0 9.0 17.7 24.2 0.1 0.1 0.0 42.0 33.1 
2030 0.0 9.0 9.0 18.0 24.2 0.1 0.1 0.0 42.4 33.4 
2031 0.0 9.0 9.0 18.4 24.2 0.1 0.1 0.0 42.8 33.8 
2032 0.0 9.0 9.0 18.8 24.2 0.1 0.1 4.1 47.3 38.3 
2033 0.0 9.0 9.0 19.2 24.2 0.1 0.1 4.1 47.7 38.8 
2034 0.0 9.0 9.0 19.7 24.2 0.1 0.1 4.1 48.1 39.2 
2035 0.0 9.0 9.0 20.1 24.2 0.1 0.1 0.0 44.5 35.5 
2036 0.0 9.0 9.0 20.5 24.2 0.1 0.1 0.0 44.9 35.9 
2037 0.0 9.0 9.0 21.0 24.2 0.1 0.1 0.3 45.7 36.7 
2038 0.0 9.0 9.0 21.4 24.2 0.1 0.1 0.3 46.1 37.2 
2039 0.0 9.0 9.0 21.9 24.2 0.1 0.1 0.3 46.6 37.6 
2040 0.0 9.0 9.0 22.4 24.2 0.1 0.1 0.3 47.1 38.1 
2041 0.0 9.0 9.0 22.9 24.2 0.1 0.1 0.3 47.6 38.6 
2042 0.0 9.0 9.0 23.4 24.2 0.1 0.1 0.3 48.1 39.1 
2043 0.0 9.0 9.0 23.9 24.2 0.1 0.1 0.3 48.6 39.6 
2044 0.0 9.0 9.0 24.4 24.2 0.1 0.1 0.3 49.1 40.1 
Total 142.8 179.4 322.2 397.2 477.0 1.6 2.5 15.0 893.2 571.1 
ENPV 94.5 48.8 143.3 100.7 128.2 0.4 0.7 3.8 233.8 90.4 
EIRR          17.8% 

( ) = negative, EIRR = economic internal rate of return, ENPV = economic net present value. 

http://statisticsmaldives.gov.mv/yearbook/2019/
https://www.who.int/healthinfo/global_burden_disease/estimates/en/index1.html
https://www.who.int/healthinfo/global_burden_disease/estimates/en/index1.html
https://www.adb.org/sites/default/files/project-documents/51077/51077-003-eia-en_10.pdf
http://documents.worldbank.org/curated/en/189121468189856068/pdf/97843-ICR-P128268-Box391494B-PUBLIC.pdf
http://documents.worldbank.org/curated/en/189121468189856068/pdf/97843-ICR-P128268-Box391494B-PUBLIC.pdf
https://www.stelco.com.mv/tariff-rates
https://www.stelco.com.mv/tariff-rates
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Note: An exchange rate of $1.00 = Rf15.40 as on 21 December 2019 was used.  
Source: Asian Development Bank estimates. 
 
E. Risk and Sensitivity Analysis 
 
13. The results of the sensitivity analysis are also satisfactory, with the EIRRs for all sensitivity 
scenarios above the EOCC of 9%, including for the worst-case (and very conservative) scenario 
of power sales being restricted to 2 megawatts (MW) in 2025.16 The cost–benefit flow for the 
analysis is given in Table 4. 
 

Table 4: Economic Internal Rate of Return and Sensitivity Analysis 

Scenario 
EIRR 
(%) 

NPVa 
($ million) 

Switching Value 
(%) 

(i) Base case 17.8 90.4  
(ii) Construction cost increase (+20%) 15.1 71.5 95.7 
(iii) O&M cost increase (+20%) 17.0 80.7 185.3 
(iv) Benefit decrease (–20%) 13.6 43.7 38.7 
(v) Delay in operation by 1 year 17.7 79.0  
(vi) Combination of (ii) to (v)  10.2 11.0  
(vii) Power sale at 2 MW and without transmission costb 10.8 16.3  

EIRR = economic internal rate of return, MW = megawatt, NPV = net present value, O&M = operation and 
maintenance. 
a  At an economic opportunity cost of capital of 9%. 
b  Without transmission infrastructure planned by the government, only 2 MW of power can be sold on Thilafushi. 
Source: Asian Development Bank estimates. 
 
F. Distribution and Poverty Analysis 
 
14. Distributional analysis for the project focused on calculation of the poverty impact ratio, 
i.e., the proportion of the project’s net benefits accruing to the poor. The stakeholders that benefit 
from this project were grouped into different categories including households, unskilled labor, and 
the government. Of the total net economic benefit estimated for the project ($100.2 million), net 
benefits to poor are attributed as follows: (i) $5.8 million to poor belonging to households, (ii) $0.3 
million to poor belonging to government, and (iii) $26.6 million to unskilled labor.17 This results to 
a net benefit of $32.4 million assigned to poor. Thus, the estimated poverty impact ratio for the 
project is 32.6%, which is considerable given that 8.2% of the population in Maldives lived below 
the poverty line (footnote 17). 
 
G. Sustainability Analysis 
 
15. Financial sustainability. The government is committed to the project’s financial 
sustainability. Estimated annual revenue from the sale of different by-products from the WTE plant 
will cover an average of 96% of the annual O&M requirements under the base case scenario. 
The government has provided assurance that it will cover any O&M shortfall either through the 
Maldives Green Fund or other budgetary allocations, and that it will establish a clear fund flow 
arrangement for paying the design–build–operate operator on time to ensure service continuity. 

 
16 The potential demand on Thilafushi island is 4 MW. For the worst-case scenario, 2 MW (the current grid supply) and 

3% annual growth is considered. Grid demand is expected to grow considerably with expansion of the grid and 
planned island developments in Thilafushi. 

17 In 2016, 8.2% of the population in Maldives lived below the poverty line which was used to calculate percentage of 
poor segment of people belonging to households and the government. For unskilled labor, 100% is assumed to be 
poor. Government of Maldives, National Bureau of Statistics. 2016. Household Income & Expenditure Survey 2016. 
Malé.  

http://statisticsmaldives.gov.mv/nbs/wp-content/uploads/2016/03/HIES-Report-2016-Income-Updated.pdf
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