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

CLIMATE CHANGE ASSESSMENT 
 

I. BASIC PROJECT INFORMATION 
Project Title: Greater Male Waste to Energy Project 
Project Cost: $151.13 million 
Location: Greater Malé, Maldives 
Sector: Waste management and other urban infrastructure and services 
Theme: Urban infrastructure/Climate change and disaster risk management 
Brief 
Description: 

The project will establish a sustainable regional solid waste treatment system for the 
Greater Malé capital region and its outer islands by (i) developing treatment (proven 
WTE technology), recycling and disposal infrastructure on Thilafushi island; (ii) 
strengthening institutional capacities for sustainable SWM services delivery and 
environmental monitoring; and (iii) improving public awareness on WTE and 3R. 
Maldives is physically vulnerable to climate and disaster risks given its low elevation of 
1.5 meters above sea level. Natural hazards such as extreme weather events may 
trigger flooding, costal inundation or structural damages which poses risk to the WTE 
infrastructure and service continuity. These are expected to exacerbate because of 
climate change. Sea level rise may also affect the service provided by the project. 
Therefore, disaster- and climate-resilient designs are necessary to protect systems 
from natural hazards and climate change and are incorporated in the project. The 
project will also reduce green-house gases by averting methane emissions (vs. current 
open dumping) and generating renewable energy (electricity surplus is 8MW). 

3R= reduce-reuse-recycle, MW= megawatt, SWM= solid waste management, WTE= waste to energy 
 

II. SUMMARY OF CLIMATE CHANGE FINANCE 
Project Financing Climate Financea 

 
Source 

Amount 
($ million) 

Adaptation 
($ million) 

Mitigation 
($ million) 

Asian Development Bank    
Special Funds resources (ADF grant) 35.18 3.55 25.24 
Ordinary capital resources (concessional loan) 38.21 3.55 34.65 

Cofinancing    
Japan Fund for Joint Crediting Mechanism 10.00 - 9.50 
Asian Infrastructure Investment Bank 40.00 - 40.00 

Total  7.11 109.39 
ADF = Asian Development Fund. 
a   NDC Partnership. AWARE.  
Source: Asian Development Bank 

 
III. SUMMARY OF CLIMATE RISK SCREENING AND ASSESSMENT1 

A. Sensitivity of Project Component(s) to Climate or Weather Conditions and the Sea Level 
The project has a high-risk level to climate conditions and sea level impacts, though climate change impacts 
are likely to compound existing issues, particularly during the rainy season. Project components and key 
climate sensitivities are likely to include: 
Project components 
1. Regional solid waste management facility on 

Thilafushi, includes: (i) 500 tons per day WTE 
plant; and (ii) landfill for air pollution control 
residuals and incineration bottom ash. 

2. Strengthening institutional capacity in SWM 
service delivery combined with an awareness 
campaign and behavior change. 

 
Sensitivity of waste treatment systems to 
climate/weather conditions: Medium. 
Sensitivity to SLR is High due to geographical 
location (Maldives) and the fast rate of SLR 
measured locally. 
Sensitivity of institutional capacity development and 
public awareness activities to climate/weather 
condition: Low – Medium. 

 
1  Geo-physical hazards and disaster risk were integrated in the Disaster and Climate Risk Vulnerability Assessment 

Report (available upon request). 

http://www.adb.org/Documents/RRPs/?id=51077-003-3
https://ndcpartnership.org/toolbox/aware
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B. Climate Risk Screening 
Maldives is exposed to a combination of geo-physical and hydro-meteorological hazards including 
earthquakes, tsunamis, tropical storms, storm surges, floods, droughts and heat waves. Climate change is 
expected to increase the frequency, intensity and unpredictability of hydro-meteorological hazards and 
extreme climate events and exacerbate the humanitarian, socio-economic and environmental impacts. 
1. Higher temperatures. Temperature is projected to increase for both land and sea surface temperatures. 

Land temperatures will have minor impact on operations, while structural elements will experience greater 
heat stress and exhibit a shorter design life. Risk level – Low. 

2. More extreme rainfall events. Increased precipitation variability and more frequent extreme rainfall 
(storm) events will increase localized flooding. Longer and more frequent drought periods (i.e., drought 
conditions every five years) are also expected. The combination of increased flooding and increased 
drought will impact structure foundations and site drainage. Risk level – Medium 

3. Increased tide and wave action. Increases in hourly maximum tide levels are expected. These will also 
amplify coastal storm surge and wave heights, exerting greater water pressure on coastal areas and 
structures and increasing the extant of flood land. Higher tides will also compound the underlying trends 
of coastal erosion. Risk level – High. 

4. Higher intensity of cyclonic activity. An increase in the range of tropical cyclones is expected, bringing 
the project area into the expanded zone. In addition, the intensity of the tropical cyclones, along with their 
associated wind speeds and precipitation, is likely to increase. During these storms, structural damage to 
roofs and building envelopes is expected. Risk level – Low. 

5. Sea level rise. SLR will generate higher storm surge and tidal elevations. It will increase coastal flooding 
and inundation with saline water, and place increased pressure on coastal structures, such as seawalls 
and breakwater. Increased upwards seepage through the coral may also occur. Increased flooding and 
exposure to saline water may affect structures and mechanical systems, with further impacts on 
operations. Risk level – High. 

6. Wind pattern. No changes to the prevailing wind pattern are projected. 
Climate Risk Classification: High 
The Maldives is highly vulnerable to the impacts of climate change (sea level rise). However, the project site 
was developed (15 hectares of land was reclaimed by the government from the Thilafushi lagoon for the 
project) at an elevation of 1.7 m above mean sea level considering SLR projections, which reduce the risk to 
this project. Adaptation and mitigation measures proposed in the project will further help reduce climate risks. 

C. Climate Risk and Adaptation Assessmenta 
Following ADB guidelines, a set of procedures have been developed for the disaster and climate risk 
vulnerability assessment in accordance with the climate risk screening procedure. Steps include the 
following: (i) identify vulnerability of project components; (ii) identify biophysical drivers of vulnerability;  
(iii) identify socioeconomic drivers of vulnerability; (iv) develop appropriate climate change scenarios;  
(v) estimate future biophysical impacts; and (vi) assess impacts on investment projects. 
The Project used the following principles to allow for systemic realization of an integrated DRR and CCA 
approach: 
• DRR and CCA are mainstreamed throughout all stages of project development; this includes 

consideration in project development, prioritization, design, and costing, as well as during monitoring and 
evaluation; 

• Consideration is given both to existing and short-term future risks, and, where relevant to the lifespan of 
infrastructure, future changes in the frequency and/or intensity of extreme events and long-term changes 
in average disaster and climate and geo-physical risks; 

• Actions relating to DRR and CCA are based on a ‘no-regrets’ and ‘low-regrets’ approach to project 
identification—where possible—in order to optimize the cost effectiveness of future investments; 

• Integration of DRR and CCA issues is viewed as a flexible and ongoing process that is subject to adaptive 
management principles throughout planning, design, costing and budgeting, construction, operation, and 
maintenance; and 

• Actions that enhance the enabling environment for DRR and CCA are considered in line with infrastructure 
investments to maximize the effectiveness of those investments (see Greater Malé Environmental 
Improvement and Waste Management project) 

Key disaster and climate risk to the relevant project components. 
Sea Level Rise. Maldives is one of the lowest-lying countries in the world and the country is greatly 
threatened by SLR. In the past century, global mean SLR has been about 1.7 mm/year. In recent decades, 
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this trend has accelerated to around 3 mm/year. For Maldives, gauge records are only available in three 
locations (Gan, Malé and Hanimaadhoo). The records from these locations indicate significant, and faster 
than projected SLR rate of 7 mm/year, more than double the global average.b The record, however, is too 
short to be considered definitive. The IPCC projects SLR of up to 0.59 m by 2100. However, based on the 
tide gauge data this MSL elevation is likely to occur within the Project timeframe. 
The IPCC projection models are considered accurate for mean sea level, even with the relatively limited 
number of tidal gauges to verify and triangulate satellite data in the Indian Ocean, and a high uncertainty 
range (± 0.36–0.5 m) for region-specific projections, especially in delta regions and island states. SLR will 
generate higher storm surge and tidal elevations. It is likely to increase coastal flooding and inundation by 
saline water. Increased pressure on coastal structures, such as seawalls and breakwater is also expected. 
Increased exposure to saline water may also affect structures (e.g., waste bunker) and mechanical systems, 
with further impacts on operations. IPCC projections are not considered as accurate for tidal elevations and 
for probable maximum storm surge, especially in areas that lack detailed ocean data such as Maldives. This 
uncertainty will further increase vulnerability to tidal action and storm surges during extreme eventsc  
Flooding. Extreme rainfall events defined in Maldives as a rainfall of more than 50 mm in 24 hours, are 
projected to increase and become more frequent, which may damage infrastructure, mechanical and 
electrical equipment, increase erosion of landfill cover and affect operations. The increased volume of water 
and related localized flood velocity may also impact the structural integrity of assets and their foundations. 
Longer and more frequent drought periods (i.e., drought conditions every 5 years) are also expected. The 
combination of increased flooding and increased drought will impact structure foundations and site drainage. 
Coastal inundation. Coastal inundation associated with high waves, swell waves, udha,d and heavy rainfall 
is often experienced during the interim period between the two monsoons (April – December). The swells 
and wind waves are typically strongest between April and July. Increases in hourly maximum tide levels by 
1.65 m are expected. The increases in the hourly maximum tide levels will amplify coastal storm surge and 
wave heights and strengthen the water pressure exerted on coastal areas. As a result, an increase in the 
extent of land inundated during high tide is expected which may affect structure, mechanical and electrical 
systems. Based on the tidal characteristics, up to 30 non-consecutive days, per year, with more than 6 hours 
of inundation are likely to eventuate by 2050. 
Cyclones. No changes to the prevailing wind pattern are projected, although, an increase in the tropical 
cyclone range is expected. This expansion brings the project area into the tropical cyclone zone. The intensity 
of the tropical cyclones, along with their associated wind speeds, precipitation, and range is likely to increase. 
The maximum probable wind speed in Maldives Hazard Zone 5, of which the project area is a part of, is 96.8 
knots (180 kilometers per hour), equivalent to a lower Category 3 on the Saffir-Simpson Hurricane Scalee 
These may damage elevated structures such as stack or the bunker hall. An increase in the probable 
maximum storm surge is also expected. 
Earthquake and tsunamis (disaster risk). Since 1979, Maldives has experienced 1,210 small earthquakes, 
usually felt as tremors without notable damages, and three major earthquake events, with a magnitude of 7 
or above on the Richter Scale. These may damage elevated structures such as stack or the bunker hall. 
Though located in a low risk seismic hazard zone, the project area (Greater Malé and its outer islands) is 
considered highest on the country’s overall (multi-hazard) risk lists due to population size and quality of 
construction. Maldives also faces tsunami threat, largely from the east and to a lesser degree from the north 
and south. 95% of tsunamis that affect Maldives are generated in the Sumatra Subduction Zone. Coastal 
flooding may occur from an earthquake-triggered tsunami. There is a 2% chance of such a tsunami in the 
next 50 years. 
Adaptation options identified for regional waste management facility 
(i) Elevate base floor of critical structures and facilities. For critical structure and facilities, elevate base 

floor to 2.2 m to ensure that flooding from SLR or extreme events (e.g., storm surges or intense rainfall) 
will not damage infrastructure or impact operations. This is based on projected SLR, the tide gauge 
data and the probable maximum storm surge height. 

(ii) Enhance capacity of drainage systems. Drainage system and water run-off have to be enhanced to 
cope with potential flooding for projected extreme events (e.g., storm surges) 

(iii)    Elevate the crest of landfill berms and enhance their stability. Elevate the crest of the berms. 
Stabilization measures, including also enhanced vegetation, for landfill berms to ensure their structural 
soundness to prevent higher erosion from extreme weather events (e.g. rainfall or foreshore wave 
heights). 

(iv) Protect critical mechanical and electrical systems and establish redundancy. Mechanical and electrical 
are to be located above ground level in a protected and water-proof environment (higher insulation 
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classes) to protect them from possible inundation due to extreme weather events or sea level rise. 
Establish redundant power supply for critical equipment. 

(v) Protect stormwater throughout pumps and backflow inverters. Up to 4 large stormwater pumps to be 
installed in watertight pump stations to prevent sea water to intrude 

(vi) Protect key civil structures against buoyancy. Critical foundations or entire components have to be 
secured against increasing buoyancy from expected mean sea water level rise 

(vii)  Strengthen structure of critical and elevated facilities. The structures of critical facilities are to be 
reinforced to withstand intensity V on the Modified Mercalli Intensity earthquake scale and withstand 
Category 2 storms and related wind speeds. 

(viii) Plant vegetation. Plant vegetation (saline resistant plant) surrounding the buildings as barrier to wind 
and mitigate heat waves. 

D. Climate Risk Screening Tool and/or Procedure Used 
Risk screening was undertaken for the Greater Malé Waste to Energy Project using the Aware Project tool 
consistent with the project concept phase of the Risk Management Frameworks. The climate risk screening 
is based on the Second National Communication of Maldives to the United Nations Framework Convention 
on Climate Changef and the IPCC Assessment Reports for global modeling. 

ADB = Asian Development Bank, CCA= climate change adaptation, DRR= disaster risk reduction, IPCC= Intergovernmental 
Panel on Climate Change, m= meter, mm= millimeter, SLR= sea level rise, SWM= solid waste management, WTE= waste 
to energy. 
a  Given the specific hazard and climate profile of Maldives, there is significant overlap between disaster risk reduction (DRR) 

and climate change adaptation (CCA). This is particularly true due to the high probability and relative low intensity of hydro-
meteorological hazards compared to the low probability and high intensity of geo-physical hazards. Both DRR and CCA 
share the goal of avoidance, or limitation, of the impacts of natural hazards and/or climate change. Moreover, DRR is often 
seen as the first line of defense against climate change, and is, therefore, an essential part of CCA. Conversely, for 
DRR to be successful, it needs to account for the fluctuating risks associated with climate change, an ensure that short-term 
measures do not increase medium- and long-term vulnerabilities. 

b  Based on data provided by the Meteorological Service in Maldives to the Global Sea Level Observing System. 
c  The IPCC notes that there is high confidence that extremes in sea level will increase with mean sea level rise will occur but 

low confidence in region-specific projections for storm surges, and projects in low-lying coastal areas, such as deltas 
or island states, should be designed to be robust to the projected extreme increases in global sea level. 

d  Udha, which are unique to Maldives, refers to the annual rise in the height of tidal swells during the southwest monsoon (by 
up to 0.6 m), causing coastal flooding, along the eastern line of islands and atolls (Kench P., et al. 2005. New model of reef-
island evolution: Maldives, Indian Ocean. Geology 33: 145–148). 

e  United Nations Development Programme. 2006. Developing a Disaster Risk Profile for Maldives, Volume 1 – Main Report. 
f  Ministry of Environment and Energy. 2016. Second National Communication of Maldives to the United Nations Framework 

Convention on Climate Change. Malé. 
 

IV. DISASTER AND CLIMATE ADAPTATION PLANS WITHIN THE PROJECT 

  
 
Adaptation Activity 

 
 
 

Target Climate Risk 

Estimated 
Adaptation 

Costs 
($ million) 

 
 
 

Adaptation Finance Justification 
Elevate base floor to 
2.2 m of critical 
structures and facilities 

Sea water rise and 
increasing precipitation 
intensity can results in 
flooding. 

$0.9 The plot of land reclaimed has a current height of 
1.7 m. Ground floor base elevation for critical 
structures and facilities (6 ha) to be elevated by 
0.5 m (to 2.2 m) and a higher inclination of the 
plot to be established 

Enhance capacity of 
drainage system 

Increasing precipitation 
intensity, especially 
when coinciding with 
high tide and storm 
surge, can result in 
extreme flooding. 

$0.5 Larger pipes and retention ducts and ponds to 
cope with flooding from more intense and extreme 
rainfall/weather events 

Enhance stability and 
impermeability of 
landfill (WTE residues) 
berms 

Higher soil erosion due 
to more intense 
precipitation events. 

$0.4 Stabilization measures for landfill berms, 
including also enhanced vegetation, to ensure 
their structural soundness 

https://www.preventionweb.net/files/11145_MaldivesDisasterRiskProfileFinalRep.pdf
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Adaptation Activity 

 
 
 

Target Climate Risk 

Estimated 
Adaptation 

Costs 
($ million) 

 
 
 

Adaptation Finance Justification 
Protect critical 
mechanical and 
electrical systems and 
establish redundancy 

Increasing precipitation 
intensity, especially 
when coinciding with 
high tide and storm 
surge, can result in 
extreme flooding. 

$1.4 Electrical equipment (transformer, emergency 
genset module) to be either installed waterproof 
or at an elevated level to keep it operational any 
time. 
Provide higher insulation classes for electrical 
equipment due to potential storm surges or 
protect equipment against water intrusion. 
Establish redundant power supply for critical 
equipment such as cooling water pumps, boiler 
feed-water pumps, etc. in the event of a power 
failure that may be due to water intrusion. 

Protect stormwater 
throughout pumps and 
backflow inverters 

Sea water intrusion, 
due to sea level rise, 
reduces availability of 
equipment 

$1.7 Up to four large stormwater pumps to be installed 
in watertight pump stations, to prevent sea water 
to intrude and to reduce the water pressure in the 
outfalls back-flow inverters need to be installed 

Protect key civil 
structures against 
buoyancy   

Increasing buoyancy 
from expected mean 
sea water level rise 

$1.2 Foundations of waste bunker to be strengthened 
or weight of bunker to be increased to reduce 
effects of buoyancy that would be due to 
increased sea water (i.e. ground water) level if 
bunker floor and the lower part of it were built as 
waterproof subsurface elements 

Strengthen critical and 
elevated structures to 
withstand Category 2 
cyclone and intensity V 
MMI earthquake scale 

Higher intensity storms 
and enhanced wind 
speeds damage critical 
civil structures 

$1.0 Elevated structures of the machinery hall (> 30 
m) and the stack (45 m) need to be reinforced 
and their foundations to be strengthened to meet 
the tensile stress due to elevated wind speeds 
and to reduce vulnerabilities of the buildings due 
to earthquake impact.   

Total  $7.1  
ha= hectare, m= meter, MMI= modified Mercalli intensity, WTE= waste to energy  
Source: Asian Development Bank 
 

V. CLIMATE MITIGATION PLANS WITHIN THE PROJECT 

Mitigation 
Activity 

Estimated GHG 
Emissions Reduction 

(tCO2e/year)a 

Estimated Mitigation 
Costs  

($ million) Mitigation Finance Justification 
Waste to 
Energy 

40,000b 109.39 (total): 
59.89 (ADB)  
40.00 (AIIB) 

9.50 (JFJCM) 
 

The project will establish a waste to energy 
plant for treating 500 tons per day of solid 
waste. The whole project is considered a 
mitigation project per Subcategory 5.1 of the 
Mitigation Typology and per the list of 
eligible mitigation activities under the 
Guidance Note on Counting Climate Finance 
in Energy.c The entire project cost is 
considered mitigation finance. 

ADB = Asian Development Bank, AIIB = Asian Infrastructure Investment Bank, GHG = greenhouse gas,  
MWh = megawatt-hour, JFJCM = Japan Fund for Joint Crediting Mechanism, tCO2e = tons of carbon dioxide equivalent. 
a  Reference emission during the period (open dumping) – Project emission during period (WTE) = GHG emissions reduction. 
b  Assuming 160,000 tons per year is waste incinerated, net energy output is 79,000 MWh/year, and there is a 0.72 

tCO2e/MWh emission factor. The resulting number is 808,345 of tCO2e averted over 20 years. Source: ADB. 2019. 
Application to Access Japan Fund for the Joint Crediting Mechanism Resources – Greater Malé Waste to Energy Project. 
(internal). Manila 

c  ADB (Sustainable Development and Climate Change Department; Strategy and Policy Department). 2017. Guidance Note 
on Counting Climate Finance in Energy. Memorandum. 5 January (internal). 

Source: Asian Development Bank. 

https://estar.adb.org/eStarDownloader/eStarDownloader?id=%7BC3333E09-8EFA-47B7-8C5F-AA0543592217%7D&amp;objectStoreName=ADB
https://estar.adb.org/eStarDownloader/eStarDownloader?id=%7BC3333E09-8EFA-47B7-8C5F-AA0543592217%7D&amp;objectStoreName=ADB
https://estar.adb.org/eStarDownloader/eStarDownloader?id=%7BC3333E09-8EFA-47B7-8C5F-AA0543592217%7D&amp;objectStoreName=ADB
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