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Feasibility Study on Anaerobic Bio Gas Plants in 
Sri Lanka 

 
RLK Lokuliyana,Open University of Sri Lanka, Nawala 

Chithral Ambawatte, University of Ruhuna, Galle 
WVDL Kumara, University of Ruhuna, Galle 

 
Abstract 
 
Environmental issues such as greenhouse 
effect and improper waste disposal methods 

are attracting special attention of the 
community. The concept of controlled 

anaerobic digestion is perhaps a much 

overlooked example of a way to reduce 
greenhouse gas emissions and to provide a 

better waste disposal method for organic 
waste. Today environmental pollution is a 

significant hazard and it occurs due to 
improper waste disposal techniques. People 

are not aware of the control techniques of 
waste disposal methods. Biogas digester is one 

of the best solutions for the control of waste, 

and more importantly, it can be used as a 
reliable renewable energy source. The research 

is focused on the development, popularization 
and sharing the best practices of biogas 

technology in Sri Lanka. This analysis basically 
discusses the raw material usage, applications 

of biogas, working status, type of funding for 
construction, locations of installation, 

composition, waste disposal methods, uses of 

biofertilizer, attitude of users of plant on the 
technology, willingness of user to obtain 

training on biogas technology, problems and 
failures encountered during operation, overall 

satisfaction of biogas consumers in Sri Lanka. 
This project is definitely not supposed to be 

revolutionary or radically new, but rather to be 
a starting point for further research and 

development in this area. 
 
Introduction 
 
Biogas is a useful anaerobic gaseous fuel, 
which can be produced by using organic 

materials such as kitchen wastes, cow dung, 

hay, toilet wastes, wood, etc. Therefore biogas 
is a small scale cost effective source of energy. 

Also, anaerobic digestion is not a radical or 
new concept for the modern society[1]. Large 

scale industrial digesters and small domestic 
digesters are in operation in many places 

around the world. The purpose of all these 
digesters is to produce combustible biogas, 

which can be used to provide thermal energy  

 

with various ranges of applications. Here in Sri 
Lanka, there is quite a bit of ideological 

interest in anaerobic digestion and biogas  

 
production, particularly from domestic users, 

but there are not many examples of digesters 
in operation. And also, farmers are interested 

in this topic primarily as an alternative energy 
source (biogas), and they can take the 

advantage of an efficient effluent as a waste 
disposal system for the farm [2].They can use 

produced biogas for domestic use and 

removed slurry as a fertilizer for their crops. 
However there seems to be a problem in 

finding ways to put controlled anaerobic 
digestion into practice. There is almost a small 

library of information from all over the world 
on this topic.  

 
There could be a number of possible reasons 

for this including the high capital cost of 

setting up an anaerobic digester project, lack of 
working models and lack of a source of ideas 

to base individual projects on, i.e. – trouble-
shooting and project development at domestic 

level.  
 
Background 
 
Biogas can be produced by fermenting organic 
materials in the absence of air with the help of 

bacteria to breakdown materials to 

intermediates such as alcohol and fatty acid, 
and finally to methane, carbon dioxide and 

water. This process is called anaerobic 
fermentation. The main fuel component of 

biogas is methane. In contrast, biogas is 
produced in digesters by anaerobic 

fermentation. A period about 15 days enables 
anaerobic bacteria to convert organic matter to 

biogas, which however is too short for 

conversion of methane to other gasses such as 
ethane, propane, and butane[3]. Anaerobic 

fermentation is a simple and low cost process, 
which can be carried out economically in rural 

areas where economic waste is generated, 
which otherwise can pollute the environment 

and pose health hazards. It is accepted that 
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largely animal and human wastes are excellent 
feed stock for biomethanation [3].  

 
Anaerobic fermentation is a biological process 

which takes place in the absence of air. A 
number of stages are involved in this process; 

hydrolysis and acidogenesis, acetogenesis and 
de-hydrodination, and Methanogenesis 

[4].Initially, the organic material is hydrolyzed 

by enzymes into simple sugar, alcohol and 
amino acid. These are then converted to 

volatile fatty acids, hydrogen, carbon dioxide, 
water and a small amount of methane. Then 

the methane forming bacteria converts fatty 
acids into methane, CO2 and water. The 

optimum fermentation temperature is between 
35-38 ºC which is known as the mesophyll 

range, and the rate of reaction slows down 

when the temperature is below 30 ºC. 
Composition of biogas is, CH4 (55-75%), CO2 

(25-50%), H2S, H2O (Vapour) and others (5%). 
For the purity of biogas, SO, CO2, H2S, H2O are 

to be removed as unnecessary gases [5]. 
 
 
Methodology 
 
The final output of this project is to prepare a 

survey report on existing biogas digesters with 
their best practices and drawbacks in design, 

operation and maintenance. The project focus 
is on design and development of a precast PVC 

anaerobic biogas digester for domestic use, 

which could be fabricated and sold at lower 
cost. Before embarking on the design process, 

the team decided to conduct a survey to collect 
basic information. At the beginning, 

130locations were identified all around the 
country and 69 locations were analyzed 

depending on the capacity, type, raw (feeding) 

material used, and application of biogas and 
bio fertilizer produced. Then a survey 

questionnaire for constructed biogas plants 
was prepared in consultation with experts. 

Data collected from each location was 
analyzed. 

 
Analysis and Discussion of Survey Data 
 
(I) Raw Materials  

Different amounts of biogas and methane can 

be produced depending on the contents of the 
raw materials. Manure, energy crops and crop 

residues, municipal and industrial materials 
are the main types of raw materials used for 

biogas production.[6]In Sri Lanka, there is a 
high potential to use cow dung (as manure), 

kitchen waste, toilet waste and other residues. 
As shown in Figure 1, 81% of the plants 

surveyed use kitchen waste as the main feed 
material and 24% use cow dung. About 21% of 

digesters accommodate toilet waste 
whereas32% of digesters are fed with fish 

waster, garden waste and waste from 
slaughter houses. 

 
Figure 1 - Raw (Feeding) Material used in 

Biogas Plants (%) 
 

 
 

(II) Applications of Biogas 
Many countries use biogas for cooking and 

lighting as major applications[7]. According to 
the survey results, biogas is mainly used for 

cooking (71.4%) in Sri Lanka. There are minor 
applications based on lighting (4.8%) and 

electricity (6.3%). 
 

(III) Working Status of Biogas Plants 

It was revealed that about 17.5% of the plants 
are not in working status. Reasons for non-

operation were no responsible person to 
operate, no adequate biogas is produced from 

the plant, design failures, non-availability of 
feeding material, etc. 

 
(IV) Locations of Biogas Plant Installation 

Among the digesters under survey, about 

41.3% are constructed in households, and the 
rest are in industry (15.9%), hospitals (4.8%), 

community plants (6.3%) operated by 
municipal councils, and 4.8% in temples. 

Figure 2 shows the enthusiasm shown by 
households and the numbers could be 

increased by conducting awareness programs 
highlighting the benefits which could be 

achieved from a biogas plant. During the 

survey, some users mentioned that if a 
government subsidy is given for construction 

of biogas plants, there are many people from 
domestic sector willing to partially fund the 

construction. In this context, a proper 
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mechanism should be prepared to provide 
financial assistance for the people and to  

recover the money once the benefits are 
received. 

 
Figure 2 - Locations of Biogas Plant 

Installation 

 
 

(V) Biogas Composition 

It was noted that most biogas plants generate 
biogas rich in methane content, of around 

48.8% which is closer to the value given in 
literature[5,8]. A record methane percentage of 

74% was reported from a biogas plant installed 

in a hotel despite overloading the digester with 
excess waste water from washrooms. Biogas in 

this location is used to operate barbeque grill 
in the evenings for the guests. Figure 3 shows 

the average and maximum composition of 
methane content. 

 
Figure 3 - Maximum and Average Biogas 

Composition 

 
(VI) Waste Disposal Methods 

In Sri Lanka, waste disposal methods are open 

dumping, burning and recycling[10]. Data was 
collected on the previous disposal method of 

waste by the users before the construction of 
the biogas plants. From the results shown in 

Figure 4, it is significant that about 60.3 % of 
users previously practiced open dumping of 

waste, creating environmental pollution and 
health hazards to the community. From    

Figure 4, it can significantly conclude that as a 
result of open dumping of waste, there were 

issues such as of our (54%), mosquito and flies 
breeding in their surroundings (42.9%) and 

water pollution (19%). About 40% of users 

practiced other methods such as burning, 
recycling and feeding animals with the waste 

generated in their premises. 
 

Figure 4 - Waste Disposal Methods before 
Construction of Biogas Plant 

 

 
 

(VII) Type of Funding for Construction of 
Biogas Plant 

Another important factor for the successful 

operation of biogas plants is the commitment 
and accountability. From the data it was 

identified that about 38% of the digesters have 
been constructed as donations and in few 

occasions, the beneficiaries are not keen on 
maintenance and operation of the plant which 

is a major reason for abandoning the plants. 

Almost all biogas plants constructed with 
user’s own funding operated successfully 

which highlights the commitment and the 
accountability of such users. 

 
(VIII) Uses of Biofertilizer 

Bio fertilizer (slurry) collected at the outlet 
tank is rich in Nitrogen (N), Phosphorous (P) 

and Potassium (K)[8].Out of users interviewed 

about 41.3% of users do not use bio fertilizer 
for any activity. This is mainly due to lack of 

awareness about the value of this slurry. It is 
important to frequently update with 

information about the best practices and share 
them among the users. Majority of users 

(47.6%) uses the bio slurry for flower 
gardening and vegetable cultivation, where 

very promising results were obtained by using 

bio slurry. A very small percentage of users 
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1.6% apply the bio slurry as a pesticide and 4% 
sell the bio slurry outside. 

 
(IX) Attitude of Owners/Users of Plant on the 

Biogas Technology 
It was surprising to see the attitude of users of 

biogas technology, with about 23% of the users 
expressing a negative attitude towards the 

technology. This is widely seen in the 

government organisations since the person 
who started (initiated) the project might have 

been transferred and no proper person in 
charge is appointed. The new person is 

unaware of the technology and a negative 
attitude is built-up as a result. Therefore 

commitment from top officials is also required 
for smooth functioning of the biogas plant in 

public institutions. Furthermore, it is 

important to monitor such biogas plants after 
construction and handing over to users. 

 
(X) Willingness of Owner/User to obtain 

training on Biogas TechnologyDuring the 
survey, the knowledge of the operator on 

biogas technology and troubleshooting 
methods were recorded. It was revealed that 

about 23% of the operators do not have basic 

knowledge on the process. Many users have 
acquired knowledge from literature and 

internet, in addition to knowledge acquired 
during workshops conducted by various 

organisations. 
 

It is worthwhile to mention that around 66% of 
users are willing to take part in training 

programs, whereas 20.6% do not need any 

training. The rest of the users were not specific 
about their training requirements. 

 
(XI) Overall Satisfaction 

Despite a few issues in the operation and 
maintenance of biogas plants, a vast majority 

of users (82.5%) have a positive attitude and 
satisfaction with the biogas plant and the 

technology at large. Most of them have come 

out with some constructive ideas for the 
development of the biogas technology and 

further popularisation. These suggestions are 
discussed in the recommendations and 

conclusions section. 
 

(XII) Problems and Failures Encountered 
during Operation of the Biogas Plant 

From the survey carried out among the users, 

there are several problems and some design 
failures identified. The most frequent problems 

identified are intensive odour and heavy 

corrosion of cookers (22%) due to non-
availability of a sulphur filter (22.2%), blocking 

of inlet and outlet pipes frequently due to 
bends and smaller diameter of the pipes (11%), 

formation of a crust (6.3%) on the surface of 
the slurry inside the digester reducing the 

biogas production, conflicts between users for 
biogas in community biogas plants, etc. 
 
Conclusion and Recommendations 
 
After analysis of data obtained during the 

survey, following are some immediate 

observations from the survey completed. 
 

1. Problems with Sulfur Dioxide (SO2) and 
other sulfur products exist in many plants. It 

expedites corrosion thus reducing the lifetime 
of cookers. 

2. Durability of connecting hoses is 
unsatisfactory. In several cases, moisture is 

trapped inside the hoses which block the gas 

supply to the desired point. 
3. Monitoring and after-sales support after 

construction of digesters by 
some contractors is very poor. As a result, 

several digesters have been abandoned. 
4. In some plants, inlet and outlet pipes 

(especially with PVC elbows) are narrow in 
diameter and it created frequent blocks to the 

flow. 

5. Some owners want to analyze slurry (bio 
fertilizer) for NPK values before using them on 

the fields. 
6. Odor from some digesters was noted and 

neighbour complaints were recorded. In some 
occasions, public health inspectors have 

intervened and requested owners of the plants 
to close the outlet tank by using a lid. 

7. Social and equity problems in sharing 

biogas in some community biogas units. 
8. As a result of odor of biogas (due to the 

presence of Sulfur in biogas), cookers are kept 
outside the kitchen. 

9. Prospective users expect 
some subsidy from the government to share 

the initial cost of construction. 
10. Need for gas storage methods for excess 

biogas generated in some locations. 

11. Space required (occupied) by biogas 
plant should be reduced (for houses with small 

extents of land). 
12. Awareness about the technology and 

benefits is poor in some cases. 
13. Moisture in biogas has reduced the life of 

cookers. 
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14. Lack of knowledge on the suitable 
(appropriate) raw materials to feed-in. 

15. No additional information, technical 
support and maintenance provided to users by 

some contractors after the construction. 
16. Lack of awareness about the market 

and the value for bio-fertilizer. 
17. In some government organisations, the 

enthusiasm was not seen among the present 

officers in-charge and the operators since the 
project was initiated by another person who 

has been transferred to another organisation. 
18. Crust on top of the slurry inside the 

digester is formed, and as a result, biogas 
production was reduced and in some plants 

the crust was removed by users. Subsequently, 
the plant started to produce gasagain. The 

possible reason for this problem is lack water 

fed into the digester with other feeding 
material. This problem could be overcome by 

having a proper mixing mechanism inside the 
digester. 

19. Several organizations maintained 
records on the feeding material, quantity of gas 

used for cooking, etc., and the operators are 
very positive on the biogas technology.  

20. It was observed that in biogas plants 

where waste water is fed to the plant, the input 
quantity of waste water exceeds the daily 

input limit, thus by creating undigested 
material coming out from the outlet. The latter 

is a strong reason for heavy odour especially in 
hotels where the waste water from washrooms 

are also sent to the digester. 
21. It is important to note that a few 

organisations are using biogas plant only to 

dispose waste material, but the biogas 
produced is not utilized but sent to the 

atmosphere which is a severe environmental 
hazard as methane is a green house gas.  

22. The commitment in community 
biogas plants from the organisations and the 

beneficiaries are very poor, and as a result, 
several plants were abandoned due to social 

issues. 

23. With the inputs gained from the 
survey conducted among the selected bio 

digesters constructed by various contractors, 
several shortcomings were noted. Based on 

the survey, some design requirements were 
identified for future considerations. The bio 

digester should be easy to manufacture, 
transport and install, easy for maintenance, 

simple operation, optimum materials for 

fabrication process, cost effective, size of the 
digester (height & diameter) and minimum 

land (space) requirement for installation, 

capacity of the digester (Volume) and biogas 
production should be adequate for the end 

user, input waste material and waste water 
quantity per day should be available for 

sustainable operation of the biogas plant, 
should be eco-friendly, since there is 

considerable amount of Sulfur in the biogas, 
every biogas plant should be provided with a 

Sulfur filter to minimize the corrosion of 

cooker and other metal parts more 
importantly to reduce bad odour coming out 

from biogas. 
 

Further when biogas plants are constructed 
through donations, it is very important to 

provide adequate knowledge on biogas 
technology, including operation and 

maintenance as well. In addition, the value of 

bio fertilizer (slurry) should be highlighted 
among the stakeholders. The danger of 

releasing methane to the atmosphere should 
be stressed during workshops and other 

dissemination programs. Periodic monitoring 
should be done and feedback on the best 

practices, issues and troubleshooting methods 
is to be recorded. 
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Abstract 
 
The cost of unserved energy is an important 

parameter in long term generation planning. 
Indices produced based on this value are used 

in a wide range of management decisions 

throughout the utility.  The value of cost of 
unserved energy currently used by Ceylon 

Electricity Board (CEB) is based on studies 
conducted over a decade ago. It is important to 

update such estimates. The paper presents an 
analysis of data on electricity interruptions for 

different industry categories based on their 
contribution to the economy and losses caused 

by electricity interruptions is presented. This 

data was then used to calculate cost of energy 
unserved in the selected industry categories. 

Data was gathered through a survey based 
study conducted on a stratified sample to 

cover the full spectrum of industries. The work 
included design of the questionnaire, selection 

of the sample, conduct of the survey, analysis 
and conclusions. The study developed a 

satisfactory methodology for calculating the 

cost of unserved energy.  
 
Keywords 
 
Electricity Interruptions; Unserved Energy; 
Consumer Survey; Momentary losses 

 
Introduction  
 
The responsibility of a power system is to 

supply electricity to customers at a satisfactory 
level of reliability, quality and at a reasonable 

cost. The main objective of this research is to 

investigate direct short term impacts and costs 
incurred due to interruptions in Sri Lankan 

Power System. The identification of customer 
categories according to their vulnerability to 

electricity interruptions is another objective. 
Further, this analysis helps to study the 

variation of interruption costs with the 
duration of interruption.  
 
 
 
 

 
 
Background 
 
Sri Lanka is an island in the Indian Ocean with 

a tropical climate, with an area of 65,525km2. 
According to the 2011 census, the total 

population of Sri Lanka is 20.35million. Rain is 
received throughout the year, but especially in 

the North-East and South-West Monsoons, and 

there are two main climate zones called dry 
zone and wet zone. Annual average rainfall is 

2540 mm to about 5080 mm in south west of 
the island, and the rainfall is less than 1250 

mm in the North-West and South-East of the 
island.[1].  

 

The basic economic indicators are calculated 
as, GDP is 67.18 billion US $, GDP per capita is 

3,279.89 US $, GNP is 194.1 billion PPP in 2013. 
GDP Growth rate is 7.3%[2].  

 
The Energy Supply and Demand 
 
Biomass or fuelwood, petroleum and hydro 

are the major primary energy supply sources, 
in Sri Lanka. Biomass or fuelwood, which is 

mainly a non-commercial fuel, at present 
provides approximately 46% of the country’s 

total energy requirement. Petroleum turns out 

to be the major source of commercial energy, 
which covers about 42% of the energy 

demand. Hydropower covering 9% of the 
energy requirement is the main indigenous 

source of primary commercial electrical energy 
[1]. At present, Sri Lanka has no proven 

resources of fossil fuels and the total fossil fuel 
requirement of the country is imported either 

as crude oil or as refined products, and used 

for transport and power generation.  
 

In 2010, 25% of total energy was consumed in 
industries, 26% for transportation and 49% for 

household, commercial and other users [1].  
 
Electricity Sector 
 

By the end of December, 2014, approximately 
98% of the total population had access to 

electricity from the national electricity grid. 
Western and Southern provinces have a level 
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of more than 97% electrification in all districts. 
The average per capita electricity consumption 

in 2014 was 519kWh/person. 37% of total 
consumed electricity was consumed in 

domestic sector, 34% was in Industrial sector. 
27% was used in commercial purposes, 1% for 

each in religious and street lighting [1]. 
 

The existing generating system in Sri Lanka 

has approximately 3,500 MW of installed 
capacity by end 2014, and additionally, non-

dispatchable plants of capacity 290MW. The 
majority of dispatchable capacity is owned by 

CEB (i.e. about 75% of the total dispatchable 
capacity), which includes 1376 MW of hydro 

and 1444 MW of thermal generation capacity. 
Annual electricity sales is about 12,000GWh 

and the daily peak demand is 2,100MW. The 

maximum demand recorded in 2014 was 
2,152MW. Daily peak demand occurs between 

7.00pm- 10.00pm [1].  
 
Electricity Interruptions 
 
Mainly there are two major categories of 
interruptions: planned and unplanned 

interruptions. Planned interruptions are 
imposed by the utility to carry out their 

maintenance works. Customers are pre-
informed well in advance before the 

interruption. Interruptions for emergency 

switching cannot be informed in advance, and 
they are classified as unplanned or forced 

interruptions. At peak load times emergency 
load shedding operations are done 

occasionally to keep the system stable. In 
addition, there can be unplanned interruptions 

due to transmission and distribution faults.  
The resulting power shortages, have caused 

planned power interruptions and unplanned 

interruptions that have seriously affected the 
quality of power supply at the consumer-end. 

The economic losses due to planned and 
unplanned power interruptions can also be 

expressed in other forms. One of the 
commonly used is the economic loss (in US$) 

per unit of supply loss (kWh); identified as the 
cost of unserved energy. 

 
 
Studies on Electricity interruptions in Sri 
Lanka 
 

Under the South Asia Regional 
Initiative/Energy (SARI/Energy) project of 

USAID, Nexant SARI/Energy, the technical 
assistance contractor, has undertaken to study 

and assess the economic impact of poor power 
quality on industry in the South Asia region, 

comprising Sri Lanka, Nepal, Bangladesh and 
India. The summary of the study was as 

follows: 
 

"The Sri Lanka study was confined to a sample 
consisting of 150 installations encompassing all 

subcategories of industries (Classification of 

the Central Bank of Sri Lanka) providing a 
significant contribution to the country’s GDP. 

In addition, tea and coconut processing 
industries and the hotel sector were also 

included in the sample. The study found that 
the main economic impact of power 

interruptions, both planned and unplanned, is 
the loss of output in the industrial sector. 

These losses can be as high as approximately 

US$ 81 million annually (0.65% of GDP) under 
a typical scenario of imposing power 

interruptions resulting from system generation 
capacity shortages such as those experienced 

during 2001. Also the impact due to unplanned 
outages can be around US$ 45 million (0.3% of 

GDP) in a typical year not experiencing regular 
planned interruptions such as those in 2001. 

This is undoubtedly a significant economic 

loss, especially in comparison with the 4.5% to 
5% average GDP growth in the country during 

the last few years. 
 

The economic losses due to planned and 
unplanned power interruptions can also be 

expressed in other forms. One of the 
commonly used is the economic loss (in US$) 

per unit of supply loss (kWh); identified as the 

cost of unserved energy [4]." 
 

The unserved energy values derived in above 
study are summarised in Table 1. 

 
Table 1 - The Cost of Unserved Energy for the 

Sri Lanka System- Sari Report 

Interruption Type 
Cost of Unserved 

Energy 

Planned 
Interruptions* 

US$ 0.66 

Unplanned 
Interruptions* 

US$ 1.06 

*The current value used by CEB 
In addition, it was found that 92%of the 

sampled industries have backup generation 

facilities to satisfy either their full or partial 
demand for power [4]. 
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Impacts of Electricity Interruptions 
 
The impacts on a consumer due to an 
electricity interruption depends on factors 

such as the type of customer (e.g. domestic, 

industrial, commercial, etc.), uses of electricity, 
duration of interruption, time of interruption 

(day or night), and the availability of standby 
sources. Interruption of an industrial consumer 

could result in loss of production, damages to 
machinery, spoilt raw materials, low quality 

final products, etc. The damages depend on 
the type of the industry. 
 
(a) Cost of Electricity Interruptions 
 
Evaluating the costs of electricity interruption 

were based on electricity price, customer 

subscription, blackout impact studies, effects 
on economic indices, customer surveys, etc. 

Among these, the customer survey approach is 
the best and the most popular method. 

Surveys examine power outages, costs 
incurred, inconvenience experienced, etc. 

Surveys are based on historical or hypothetical 
experiences.    

 

The cost of electricity interruption depends on 
the extent to which customers’ applications 

rely on electricity, whether the corresponding 
activity or output can be recovered subsequent 

to an outage. Direct costs are referred to 
immediate responses or losses that arise as a 

result of an interruption.  Indirect costs refer to 
costs of unserved energy for which no 

payment is made, but there is nonetheless a 

cost or foregone benefit. When electricity is 
concerned, there is no simple mechanism to 

reveal the willingness on the part of consumers 
to pay for additional electricity supply in the 

event of an outage, nor of their willingness to 
pay to avoid outages in the first place. This 

means, that an indirect method must be used 
to infer the value of unserved energy [6].  

 
(b) Data Elimination Procedure 
 

The accuracy of a customer survey mainly 
depends on the respondents. In large scale 

industrial facilities, qualified persons respond 
to the survey. Thus, information gathered from 

such facilities could be considered to be 
adequately accurate. However, information 

gathered from the services sector and the 
domestic sector may have misleading 

information, mainly because respondents from 

such facilities may not be adequately qualified 
or knowledgeable, and they respond to a 

survey in a short time by providing 
approximate answers. For example, some 

respondents specify economic losses of short 
term outages to be zero. The reality is short 

term outages also incur a loss. Some give 
extreme responses by exaggerating the cost 

figures.  Some respondents might intentionally 

give misleading figures on the outage cost 
estimations. All these concerns cause the 

customer survey approach to be highly 
subjective [7]. 

 
Consumer Survey 
 
In this survey, the standard industry 

classification was used, as published by the 
Central Bank of Sri Lanka was used. 

Contributions to GDP were noted and listed in 
the order of their absolute and percentage 

contribution to the GDP. Noting that some 

categories contributed very little to the GDP 
and that there were only a handful of those 

contributors, the study focused on those 
categories that contributed more than 4 %to 

the total GDP. 
 

The survey used posted mail, e mail, telephone 
calls, viber and skype calls and in-person 

interviews. It was observed that voice calls 

(including telephone, skype and vibercalls) 
and in-person interviews were more effective 

than posted mails and e mails. 
 

Several industries were selected representing 
all the categories and the study team gathered 

information through in-person interviews. The 
customer database maintained by Public 

Utilities Commission of Sri Lanka (PUCSL) 

was obtained and there were over 50,000 
industries representing all categories of 

industries. The sample of over 50,000 was not 
practical to handle for in-person interviews for 

all industries in the population.  
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Table 2 - GDP Contribution of each Industry 
Category Considered 

Categories 
GDP 
US$ 
million 

% 

Food, Beverages & 

Tobacco 
545 22 

Textile, Apparel & 

Leather  
772 32 

Wood and Wood 

Products 
17 1 

Paper and paper 
products 

32 1 

Chemical, Petroleum, 
Rubber & Plastic 

Products 

197 8 

Non Metallic Mineral 
Products 

158 7 

Basic Metal Products 11 0.4 

Fabricated Metal, 

Machinery, Transport 
Equipment 

86 4 

Products not specified 
elsewhere 

144 2 

Tea 158 7 

Rubber 23 1 

Coconut 133 5 

Hotels 250 10 

Source: Central Bank of Sri Lanka: Annual 
Report [4]. 

 
For a certain sample, posted mails and e mails 

were sent and relays were taken through voice 

calls.  Further, the questionnaire was enclosed 
with self-addressed envelope, so that 

information could posted back. The 
questionnaire was designed combining the 

stakeholder-inputs, in order to gather the 
information effectively, while satisfying the 

project scope. 
 

Since interactions with respondents were 

minimum in the “posted mail & email” 
method, the questionnaire was checked several 

times to avoid mistakes, and to test the 
questionnaire with a few selected industrial 

customers for any ambiguity in questions.  
There are three different approaches to base 

the questionnaire, including willing to accept 
approach (WTA), Willing to pay approach 

(WTP) and Direct worth approach (DWA) [5].  

 
In WTA, the customer is asked to define an 

amount of compensation that he/she is willing 
to accept to experience a hypothetical outage. 

WTP, in order to avoid a defined outage, the 
customer mark out an amount of money that 

he/she is ready to pay. This method poses a 
high ambiguity and it is highly dependent on 

the individuality of the respondent. On the 
other hand, DWA directly assesses the loss 

that is incurred by the customer. This method 
is reliable for the industrial sector. Most of the 

industrial cost components can be directly 

evaluated and can be represented by a 
monetary value. For domestic sector, applying 

WTA and WTP methods is more desirable [5]. 
Disturbance to leisure time and disturbance to 

educational activities cannot be directly 
evaluated like industrial costs. Therefore the 

questionnaire was based on DWA. 
 

The careless responses and outliers were 

removed from the survey responses before 
proceeding with the analysis. The 

questionnaire was designed in such a way that 
some questions can be cross-checked by the 

answers given.  If the answers given are 
contradicting each other, there can be a 

possibility to remove that respondent. Outliers 
have been detected using the normal 

distribution of normalized sample data, but it 

may not be possible if the number of responds 
is low[8]. The major limitation of the survey 

method will be the lower response rate from 
the industry. From previous experiences, the 

return rate of response was below 10%[9]. 
 

To select the sample size, Yamane approach 
was used [10]. There were several reasons to 

follow the Yamane approach. Yamane 

approach does not need estimated population 
parameters such as standard deviation. This 

eliminates the need to conduct a sample 
survey to obtain these parameters, which is 

time consuming. 
For Minimum required sample size 

calculation, 

� =
��

1 + �
����

�
�

(1) 

�� =
�

1 + �(�)�
(2) 

Where, 
��: First approximation 

�  : The minimum required sample size 

�  : Population size 
�   : Level of precision 
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Normalization of Raw Data 
 
There are different factors that were used to 

normalize the raw data. Since this study was 

focusing on the cost of unserved energy, we 
expect to use the unserved energy during an 

interruption as a normalizing factor, if 
required. Annual average electricity 

consumption, average load and peak load are 
also possible to be used as normalizing factors. 

Data normalization is important because it 
provides cost data in a usable form for 

different applications [10]. 

 
Analysis was separately carried out for three 

major interruption groups. These major groups 
are (i) planned longer, (ii) unplanned longer, 

and(iii) momentary interruptions. 
 

For a single customer who belongs to a 
particular category, total cost of unserved 

energy (CoUE) for longer supply interruptions 

can be calculated as, 

 CoUE per customer = ∑ ������ (3)�
���  

 
Where,
 ��� =

�� �� ������������� ��������� �� ��� ���������� 

������������ ��������

����� �� �� ���������� ��  ������������� ������

������������� ��������� �� ��� �������� �������� ������ � ����. 

(4) 

 

Pgj refers to the proportion of interruptions of a 
particular interruption duration that belongs to 

the selected major group g. There were totally 
six different interruption lengths considered 

for each planned and unplanned major group. 

Cgj is the normalized total cost of unserved 
energy of the customer for particular 

interruption duration that belongs to the 
respective major group. When the number of 

interruptions are considered, only the 
interruptions that belong to the respective 

major group were taken into account.  
 

CoUE per customer= ��-----(5) 

 
For momentary supply interruptions, there 

was only one instance of cost which is the 
normalized cost of unserved energy for the 

customer for momentary interruptions as 
shown in equation 5. Total customer cost 

includes several cost components including the 
cost of backup unit generation. For a backup 

generator fuel cost, operating cost, initial 

capital cost and other overhead costs must be 
considered. 

 
Normalizing parameter is selected as the 

energy not supplied for longer supply 
interruptions. There are other possible 

parameters such as average electricity 
consumption and maximum peak demand. 

Since this study is focusing on Cost of 
Unserved Energy it is more suitable to use 

energy not served as the normalizing 

parameter. For momentary interruptions 
capacity not supplied was selected. 

 
Normalized CoUE   = 

����� ���� �������� ������

 �� ������������ ������  � (��)
����� �������� ������ ������

 �� ������������ ������  � (���)

(6) 

 

For momentary supply interruptions, 
Normalized CoUE    

=

����� ���� �������� ������ �� 
���������  ������������  (��)

����� �������� �������� (��)
(7) 

 
Using individual cost of unserved energies, it 

is possible to calculate the industry wise 
values. 

CoUE for the industrial category i = 
∑ ���� (8)

�
���  

 
The Table 3 and 4 summarize the probabilities 

obtained for different interruption durations 
and the results obtained for the investigated 

industry categories. 

 
Table 3 - Probabilities Obtained for Different 

Interruption Durations 

 

Interruption 
duration 
(hrs) 

0.25 0.75 1.5 3 6 16 

Unplanned 
interruption 
probability 

0.739 0.141 0.050 0.035 0.015 0.017 

Planned 
interruption 
probability 

0.580 0.019 0.028 0.055 0.192 0.123 
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Table 4 - Cost of Unserved Energy for Selected Industry Categories 

Industrial category 
Planned Longer 

Interruptions 
(LKR/kWh) 

Unplanned 
longer 

Interruptions 
(LKR/kWh) 

Cost of Unserved 
Energy for 

Longer 
Interruptions 
(LKR/kWh) 

Momentary 
Interruptions 

(LKR/MW) 

Food, beverage and tobacco 
products 

122.59 236.04 206.86 41,890 

Textile, apparel and leather 
products 

60.15 385.38 301.74 48,570 

Chemical, petroleum, rubber 
and plastic products 

157.59 623.66 503.80 15,870 

Non-metallic mineral 
products 

3006.97 3056.39 3042.68 33,980 

Wooden products 800 800 800 0 

Fabricated metal products 73.38 233.65 192.44 61,200 

Machinery and transport 
equipment 

327.07 337.94 335.15 6,900 

Tea industry 81.84 128.45 116.46 9,150 

Coconut Industry 61.74 60.69 60.96 0 

Hotel industry 64.87 75.10 72.47 3,090 

Other industries 73.66 73.41 73.47 0 

 

Where,  �� =
��

∑ ��
�
���

(9) 

 
Ck is the per customer normalized cost of 

unserved energy 
Xk Average electricity consumption of 

customer k 
P Number of customers in category i. 

 

Total industrial unserved energy for a 
particular category of interruption can be 

calculated as follows.  
 

Cost of unserved energy = ∑ ���� (10)�
���  

 

where,  �� =
��

∑ ��
�
���

(11) 

Ci= Normalized cost of unserved energy 
(Rs/kWh) or (Rs/kW) for industrial category i 

Xi =Average electricity consumption (kW) for 

industry i 
n= Number of industrial categories [11] 

 
After the calculations for each industry 

category, the weighted average values were 
obtained as follows. Total outage cost for 

planned interruptions and unplanned 
interruptions were 168.12 LKR/kWh and 

425.81 LKR/kWh, respectively. For 

momentary interruptions, the cost was 58,302 
LKR/MW. The outage costs clearly show the 

significant cost differences that can arise due to 
planning an outage. So it can be recommended 

to pre-announce outages as much as possible.  
 

 
Estimating Interrupted Energy 
 
It was assumed that an industry in the same 
sector has similar load profiles. The load 

curves were obtained through personnel 
interviews for each category and used as 

reference load curve for each particular 
industry. 

  
The daily average electricity load was 

calculated using the monthly average 

electricity consumption stated in the 
questionnaire. It was assumed that the ratio 

between the average demand and energy used 
at any time of the reference load curve is equal 

for the same customer category. 
 

Values obtained for each type of industrial 
consumer were weighted based on their 

contribution to the National Economy to 

determine the average cost of interruptions for 
each industry group. Interruption costs in 

different sectors within the electrical industry 
were weighted in proportion to their 

individual energy consumption levels to 
determine a single interruption cost for the 

entire industrial sector. 
 

Through the collected data in all categories, an 

average value was taken in all categories in the 
sample. This led to the losses for momentary 

interruptions determined in terms US$ per 
each interruption regardless of the duration for 

each category, while the losses due to planned 
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and longer unplanned supply outages were 
calculated in terms of US$ per hour of 

interruption duration [4].To calculate the 
unserved energy value in each category and 

hence find a final value would be done in 
standard methods. To improve the reliability 

of the calculated value, increasing the sample 
size was essential.  

 

The survey showed that industries tend to 
install backup generators when the rate of 

power interruptions increase. The 
instantaneous supply interruptions seem to 

cause very low amount of unsupplied energy 
but due to the nature of the large industrial 

manufacturing processes, significant losses can 
happen. The production machines can get 

halted by even an instantaneous supply 

interruption of seconds. Current technologies 
can transfer the load to backup generators in 

less than twenty seconds. UPS facilities can 
takeover load in much faster speed than diesel 

generators, but UPS systems are expensive and 
they are not incorporated in most of the 

facilities.  
 

Normally, power interruptions may be longer 

than twenty seconds.  This duration is 
adequate for many industrial processes to be 

disturbed and halted. 
 
Conclusion 
 
The cost of unserved energy for selected 
industrial categories which were obtained is 

shown in Table 4. It should be pointed out that 
these values are probabilistic values which 

were generated after combining separate 
outage costs. The estimations of unserved 

energy costs done by this study can be used for 

power system planning in Sri Lanka. The final 
output value would be useful for Public Utility 

Commission of Sri Lanka (PUCSL) in 
regulatory purposes, and Ceylon Electricity 

Board (CEB) for planning purposes.  
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Abstract 
  
This paper presents the outcome of a study 

undertaken to determine energy harvesting 
potential of Municipal Solid Wastes (MSW) 

and, the feasibility of using Plasma assisted 
gasification process for electrical power 

generation. In this study quantitative and 

qualitative analysis of MSW were carried out 
considering the waste generated in the western 

province of Sri Lanka, encompassing three 
Districts; Colombo, Gampaha and Kalutara, to 

select the most feasible technology. Further, 
social, economic and ecological aspects of the 

selected technology are discussed together 
with sustainability of such an implementation. 
 

Key words- MSW, Plasma Gasification, Sri 

Lanka 

Introduction 

Annual total waste generation in the world 

amounts approximately to 4 billion tons, 

whereas the annual solid waste generation in 

cities around the world is about 1.5 billion 

tons. This quantity is expected to increase to 

2.4 billion tons by 2025. In lower income 

countries, waste generation will be more than 

doubled over the next 25 years. Three-fourth of 

this waste is disposed of in landfills, with only 

one fourth being recycled [1].  

Municipal Solid Wastes (MSW) has become a 

very crucial issue with the steady increase of 

its generation in phase with economic and 

population growth, and Sri Lanka is no 

exception. Accumulation of MSW without a 

proper waste management strategy poses 

serious problems to the environment, 

especially to the health of urban people, as 

large amounts of MSW is frequently dumped 

in close proximity to residential areas. As far as 

Sri Lanka is concerned, the western province is 

the most affected due to accumulation of MSW 

for the obvious reason that the main 

commercial city, Colombo and the capital city 

Sri Jayewardenepura, being both located in the 

western province.  MSW generation in 

Western province is about 60% of the total 

waste generation in the country [2].The main 

MSW generating sources in the province are 

households, commercial sector and business 

community. In addition, various industries 

and hospitals too, are responsible for 

contributing significantly to MSW of the 

province. The residential waste accounts for 

55% to 65% of total MSW generation, while 

commercial, industrial and hospitals generate 

between 35%-45%in the province [2, 3].  

One of the biomass waste disposal methods is 

gasification, which in turn is linked to the 

generation of electrical power. Power 

generation by gasification of biomass is a well-

established technology worldwide, with 

different types of gasification technologies. 

MSW gasification is also a proven application 

for electricity generation, since it has a higher 

percentage of organic compounds. MSW-based 

power generation also provides a solution to 

environmental pollution caused by continuous 

accumulation of waste in the cities. In Sri 

Lanka, use of MSW for power generation has 

not been implemented yet as a solution to 

waste management, despite waste generation 

becoming unmanageable with no lands 

available for disposing the waste in the form of 

landfills.    

MSW in Western province 

Western province contributes around 60% of 
total waste generation and the amounts of 

collection are given in Table 1 [2]. 
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Table 1 - Waste Generated/C

Western Province and in the C

Area 

MSW 

Generation 

(Mt/Day) 

Collection

(Mt/Da

Western 

Province 

3000 -3500 

(60%) 
2100 (60%)

Colombo 

District 
2000-2100 

Gampaha 

District 
900 -1000 

Kalutara 

District 
350 -400 

Whole 

country 
6000-7000 3600 

 
Composition and Properties of MSW

MSW in Sri Lanka comprises 

biomass (organic) components and 

average lower heating value 

MJ/kg[2]. 

 

Figure 1 - MSW Composition in Colombo, Sri 

Lanka [4] 

 

Traditional MSW Treatment Methods

The most traditional MSW 

solution is the landfill. MSW

transportation, consolidation, and disposal of 

waste are the steps of this method. Apart from 

that, low temperature gasification and 

incineration are also practised to treat MSW. 

However, the unprecedented growth in MSW 

generation has caused the society at
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Collected in 
in the County 

MSW 

Collection 

(Mt/Day) 

2100 (60%) 

1450 

450 

170 

3600 -4200 

roperties of MSW 

comprises around 80% 

biomass (organic) components and has an 

average lower heating value (LHV) of 9 

omposition in Colombo, Sri 

Traditional MSW Treatment Methods 

MSW management 

MSW collection, 

transportation, consolidation, and disposal of 

the steps of this method. Apart from 

that, low temperature gasification and 

incineration are also practised to treat MSW. 

However, the unprecedented growth in MSW 

has caused the society at large to 

explore and implement alternatives to manage 

waste, to ensure a clean environment free from 

hazards, since traditional methods are totally 

insufficient to deal with the current problem. 

In this backdrop, technologically advanced 

methods have to be used to convert MSW to 

useful end-products. 

Low Temperature Gasification

Gasification is a process that converts 

carbonaceous materials, such as coal, 

petroleum, or biomass, into a product gas 

comprising primarily of c

hydrogen, with lower amounts of methane, 

higher hydrocarbons, carbon dioxide, water 

vapour and nitrogen, 

gasification agent (oxidant

steam or a mixture of these 

oxidants. Gasification involves thermo

chemical processes at t

700oC. Feedstock requires some pre

to remove inorganic materials 

gasified. After the gasification process, a 

cleaning process is require

with permissible levels of impurities. Clean 

syngas can be used in a boiler, 

gas turbine to generate electricity

Incineration 

MSW is used as a fuel in i

burning it with high volumes of air

combustion temperature inside an incinerator 

is 1000-1500oC.  The main output 

incineration is the hot gas mainly with 

dioxide and ash. Hot gasthus generated could 

be used to make steam in waste

which is then used to generate electricity.

Incineration reduces the waste volume by 80

90%. This process is prima

waste disposal, converting

power generation or process heat applications.

It eliminates the leachate produced in landfills, 

and ash produced in the incineration process 

can be used in the construction industry. 

Capital requirement for incineration facility is 

high, and operation and maintenance costs are 

also considerably high. Smoke and ash 

emission to the atmosphere is a concern, which 

requires filtering and cleaning process to 

protect the air quality of the surroundings

explore and implement alternatives to manage 

waste, to ensure a clean environment free from 

hazards, since traditional methods are totally 

insufficient to deal with the current problem. 

In this backdrop, technologically advanced 

e used to convert MSW to 

Low Temperature Gasification 

Gasification is a process that converts 

carbonaceous materials, such as coal, 

petroleum, or biomass, into a product gas 

carbon monoxide and 

amounts of methane, 

arbon dioxide, water 

 depending on the 

oxidant) used. Air, oxygen, 

steam or a mixture of these are used as 

Gasification involves thermo-

chemical processes at temperatures above 

eedstock requires some pre-processing 

to remove inorganic materials that cannot be 

gasified. After the gasification process, a 

required to obtain syngas 

with permissible levels of impurities. Clean 

a boiler, IC engine or a 

gas turbine to generate electricity.  

MSW is used as a fuel in incineration process, 

burning it with high volumes of air. Typical 

combustion temperature inside an incinerator 

C.  The main output of 

incineration is the hot gas mainly with carbon 

and ash. Hot gasthus generated could 

be used to make steam in waste-to-heat plants, 

which is then used to generate electricity. 

Incineration reduces the waste volume by 80-

90%. This process is primarily a method of 

waste disposal, converting waste to heat for 

power generation or process heat applications. 

produced in landfills, 

and ash produced in the incineration process 

can be used in the construction industry. 

quirement for incineration facility is 

high, and operation and maintenance costs are 

also considerably high. Smoke and ash 

emission to the atmosphere is a concern, which 

requires filtering and cleaning process to 

protect the air quality of the surroundings.  Fly 
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ash is also a serious problem in the incinerated 

waste as it contains significant amounts of 

toxins such as heavy metals. 

Plasma Assisted MSW Gasification 
  
Plasma is considered the fourth state of matter. 
The three other states are solid, liquid, and gas. 

It is a cloud of protons, neutrons and electrons 
where all the electrons have come loose from 

their respective molecules and atoms, giving 

the plasma the ability to act as a whole rather 
than as a bunch of atoms. Plasma is more like a 

gas than any of the other states of matter, 
because atoms are not in constant contact with 

each other, but it behaves differently from a 
gas.  Plasma is formed due to electrical arc 

discharge passed through the gas. Plasma 
flame or arc generates a temperature of about 

10,000F.This plasma arc is used for MSW 

gasification at very high temperature, which is 
usually 3,000F temperature [5, 6].  

Municipal Solid Waste stock is exposed to the 

instant plasma heat inside a sealed air-

controlled reactor compartment. In this 

process reaction will initiate and reaction rate 

is elevated due to high heat energy of Plasma. 

In the reaction chamber, all the carbon based 

compounds convert into synthetic gases and 

inorganic parts get melted into sludge and 

poured out from the reactor bottom  

 

Figure 2 – Conversional to Plasma 

Gasification 

 

 
 

The most important concern is, due to high 

heat, all the hazard ousparts get destroyed 

during the process. Chemical reactions 

occurring inside the reactor are: 

 

CO+H2O→CO2 ↑+H2 ↑ 

2C+O2 → 2CO↑ 

C+CO2 → 2CO↑ 

C+H2O→CO↑+H2 ↑ 

 

After all reaction states, finally heat energy, 

synthetic (gaseous fuels / CO and H2) gas and 

slag are generated as outputs [5, 7]. 

As shown in Figure 4, plasma gasification   

produces higher amounts of CO and H2 than 

those of the traditional gasification process. 

Also, this technology converts greenhouse 

gases such as methane (CH4) into CO and H2. 

The clean synthetic gases produced can be 

used in IC engines and gas turbines for 

electrical power generation. Furthermore, this 

gas can be used to run steam turbine cycle and 

combined Brayton cycle and Rankine cycle, to 

generate electricity.  
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Figure 3 - H2 to CO Ratio of Syngas of Traditional and Plasma Treatment 
 

 
 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
Temperature (OC) Although traditional 

gasification is a proven technology to MSW 

management, plasma technology is more 
efficient than the traditional method in 

electrical power generation, owing to high 
temperature operation and higher conversion 

rate. Plasma gasification needs higher 
investments than the traditional method. 

However, due to high gain of the process and 
high feeding rate together with the fact that 

this technology provides a feasible solution to 

environmental problem caused due to MSW, 
plasma gasification is considered to be 

economically viable for long term. 
 

When compared with incineration, the capital 

requirement for the plasma gasification is 

more similar to incineration technology. 

Plasma gasification is more efficient than 

incineration because inorganic residues (by-

products) can be used to manufacture bricks 

and concrete aggregate required for the 

construction industry. Furthermore, plasma 

gasification is 50% more efficient for power 

generation; hence it reduces the payback 

period [6, 7, 8]. 

Applicability of Plasma Assisted MSW 
Gasification in Sri Lanka 

Technical Feasibility 

Plasma gasification of MSW has been 

developed in several institutions worldwide to 

produce electricity and it is a proven 

technology. Gasification integrated power 

plants (ex. gas turbines, combined cycle power 

plant etc.) have been installed in several 

countries [5]. World leading inventors and 

manufactures of power plants which use 

syngas fuel from plasma assisted MSW 

gasification technologies are; Westinghouse 

technology, In EnTec, Europlasma, and  Plasco 

[5]. 

The performance of plants provided by 

leading manufactures mentioned above were 

compared to select the most feasible option for 

the present application. This comparison 

considered the gas turbine as a prime mover, 

and the calorific value of the MSW to be          

10 MJ/kg (in Colombia) [5]. 

Table 2 - Comparison of Technologies [5] 

 

Technology 

Possible Power out 

kWh/ton of MSW 

Westinghouse 

Technology(Alter nrg) 

617 

In En Tec 450 

Europlasma 500 

Plasco 530 

 

Westinghouse Gasification Technology 

This technology was introduced by 

Westinghouse Plasma Corporation. 

Considering its high output power, this 

technology was selected to study. This helps to 

recover clean sustainable energy through 

plasma gasification. House hold wastes, 

industrial wastes and any type of biomass can 

be used as feedstock. Feed handling, 

gasification using plasma torch, gas cooling 
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and cleaning up the gases are the main 

processes in this technology. Further, this does 

not want require MSW to be preheated, and 

can directly be fed into the gasifier. 

Gasifier models listed below have been 

introduced by Westinghouse Plasma 

Corporation. 

Table 3 - Comparison of Modes [9] 

Model 
MSW 

Feeding 
(tpd) 

Electricity 
Generation 

(MW) 

Fossil Fuel 
Replacement 

(bbl/y) 

P5 30-100 Up to 5 50,000 

W15 100-290 Up to 15 150,000 

G65 450-1000 Up to 50 650,000 

tpd: tone per day, bbl: barrel 

According to the information in Table 4, the 

model of G65 which is capable of handling 450 

to 1000 tonne/day of MSW and can generate 

up to 50MW of electrical power. Since the 

Western province of Sri Lanka has 2100 

tonne/day of MSW, it is possible to introduce 

two units of G65. 

Considering this product information and 

results from the study, the amount of power 

generation can be estimated as follows.   

MSW collected        = 2100 tonne/day 

MSW consumption =2000 tonne/day (Two 

G65 units)  

Lower Heating Value of MSW = 9 MJ/kg[2] 

Energy harvesting potential 

=(617 kWh/tonne)(2000 tonne/day) (0.9) 

= 1110.6MWh/day 

 

Power generating capacity = 46.275 MW 

This amount of power generation was 

estimated considering a heating value of 9 

MJ/kg of MSW in western province. The plant 

factor was considered to be unity. Therefore, 

the energy harvesting potential of MSW in the 

western province would be around the 46 MW, 

if Westing house Plasma gasification 

technology is used.   

 

Economic Feasibility 
 
Renewable energy projects are not always as 

financially attractive as electricity generation 

projects which use fossil fuels. Most of Sri 
Lanka’s electricity generation and all 

transmission is done by Ceylon Electricity 
Board (CEB). Distribution is done by both 

Ceylon Electricity Board (CEB) and Lanka 
Electricity Company (Pvt) Limited (LECO) 

which is also a subsidiary of CEB. Public 
Utilities Commission in Sri Lanka (PUCSL) 

was formed as a regulatory body to regulate 

tariffs. Following is the latest tariff announced 
by PUCSL for purchases of electricity from 

Non-Conventional Renewable Energy (NCRE) 
projects. 

Table 4 - Flat Tariff [10] 

Technology 
All-inclusive rate 

(LKR/kWh) for year  
1-20 

Mini-hydro 16.70 

Mini-hydro-local 17.15 

Wind 20.62 

Wind-local 21.22 

Biomass (Dendro) 25.09 

Biomass (Agricultural & 
Industrial Waste) 

17.71 

Municipal Solid Waste 26.10 

Waste Heat 9.19 

 

The fixed rates shown in the Table 5 will not be 

escalated for any reason during the 20 year 

time frame. 

The tariff is cost-based and technology specific 

and most importantly, the developer has the 

right to choose the above tariffs and a three tier 

tariff, based on their requirements. 

Standardized power purchase agreement 

(SPPA) is a 20 year agreement between the 

developer and CEB (who is purchasing the 

generated power) and the above rates are 

applicable for such SPPAs with a rated 

capacity below 10MW. It is also to be noted 

that the highest feed in tariff is assigned for 

power generation using MSW due to the fact 

that the technology is not as matured as any 

other form of NCRE technologies and to 

encourage developers to focus on such new 

power generation alternatives. 
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Table 5 - Three-tier Tariff [10] 

Technology / Source 

Escapable Base Rate Fixed Rate 
Royalty to Govt., 
(% of total Tariff) 
Year 16-20 

O&M  
(year 1-20) 

Fuel 
(year 1-20) 

Year 
1-8 

Year 
9-15 

Year 
16-20 

Mini-hydro 1.93 None 16.81 6.38 5.80 10% 

Mini-hydro-local 1.98 None 17.27 6.55 5.95 10% 

Wind 1.30 None 22.63 8.58 7.80 10% 

Wind-local 1.34 None 23.29 8.83 8.03 10% 

Biomass (Dendro) 
1.50 (1-15 years) 
1.88 (16-20 years) 

12.25 9.8 3.72 3.38 None 

Biomass (Agricultural & 
Industrial Waste) 

1.50 (1-15 years) 
1.88 (16-20 years) 

6.13 9.8 3.72 3.38 None 

Municipal Solid Waste 5.31 1.75 19.8 7.51 6.83 None 

Waste Heat 0.52 None 10.19 3.86 3.51 None 

 
Financial Model 
 
The financial model was formulated with the 
objective of presenting the financial viability of 

the project. Following indicators are calculated 
to show the viability of this technology in 

financial terms. 

Internal Rate of Return (IRR) 

Net present value of the project (NPV) 

Simple Payback Period 

 

Assumptions: 
 
The financial model was developed based on 

the following assumptions; 

 Debt interest rate would be 3.5% with a 

settlement period of 8 years and the 
applicable tax component;  

 Cost of equity of the firm would be 21%  

 Port and Airport Development Levy (PAL) 

would be 5% throughout the project period. 

 Corporate Tax Rate (income tax on projects) 

would be 17.5% with a tax holiday of 10 

years. 

 Project insurance premium is considered as 

0.05% per annum 

 Tariff would be 26.10 LKR/ kWh for the 

project period 

 

Revenue Forecast: 
 
Annual energy yield is shown below. 

• Plant Capacity:50 MW 

• Annual Energy Yield (P50):366.498 GW 

• Plant Factor: 83.68% 

Investment: 
 
The initial investment was considered based 

on the literature findings as mentioned below 
[5]. 

 
• WTE Plant USD 534.6 million 

• IGCC Plant USD 72.6 million 

• Total Investment USD 607.2 million 

 

Sources of Finance: 
 
The initial investment was analyzed in the 

following manner to make the return on equity 

further enhanced. Owner equity investment 
would be 30% of the total project cost and the 

rest of the required funding would be 
provided as a bank loan. This combination will 

lead the project to be a 70% geared company. 
Project Cost 607.2 million USD 

Equity Ratio 30% 

Debt Ratio 70% 

Equity Amount 182.2 million USD 

Loan Amount 425.0 million USD 
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Cash Flow Analysis: 
 
Weighted average cost of capital (WACC) was 

considered as 5.6%, and the same was used as 

the discount rate to appraise the project 
against the baseline scenario. Sale of electricity 

was considered as the main source of income, 
while two other additional sources were also 

identified to maintain a healthy cash flow 
throughout the project life time. Carbon 

trading, which is a result of the clean 
development mechanism (CDM) was 

considered as the second revenue generating 

mechanism with an average cost of USD 3.8 
/tonne-CO2 (eq). The third income source is 

not in practice at the moment in the country 
but would be a proposal made to the 

government by the developer since the project 
uses MSW as the fuel for power generation 

which eases problems of handling and 
dumping of MSW. The proposed rate is USD 5 

per tonne of MSW which is reasonable 

compared with the actual cost of handling and 
dumping of MSW. A 20-year planning 

window was used to appraise the project to 
measure the financial viability of the 

investment. Net Present Value (NPV) was 
calculated for the 20-year period to determine 

the overall project feasibility and showed a 
negative value, indicating that the investment 

is not viable from an investor’s point of view. 

Project and equity Internal Rate of Return 
(IRR) were 3.95% and 4.11% respectively. The 

cumulative cash flow was determined and   
break-even was found to be 13 years. 
 

Ecological Feasibility 
 

Volume reduction of the MSW after plasma 

gasification is significant and has been proven 
to be more than 95%.  Table 6 shows the 

CO2emission per MWh power generation 
compared with other power generation 

processes. It is clear that MSW Plasma 
Gasification shows low CO2 emissions. 

Table 6 - CO2 Emission [8] 

Power Generation 

Process 
Pounds of CO2 

Emission/MWh 

MSW Incineration 2,988 

MSW Plasma 1,419 

Coal 2,249 

Natural Gas 1,135 

Oil 1,672 

 

Inside temperature of the furnace of plasma 

gasification process is above 3000 0C and 

organic materials are converted to syngas of 

H2, CO2, and CO. Inorganic materials are 

converted to solid slag and toxic compound in 

the slag below the recommended level. 

Exhaust after the gas turbine or boiler release 

into atmosphere under the specified 

temperature range. This in turn will reduce the 

environmental issues of MSW, and in return it 

will reduce air pollution, land pollution, flood, 

landfills and visual pollution. 

Social Aspects of Plasma Assisted MSW 
 
Pollution reduction will directly address 

health issues of the nearby community. Clear 
environment creates validity for lives and 

properties, and increase the social 
development index. These projects also create 

many opportunities for several job layers with 

different skills and expertise, and reduce 
unemployment. 

A large section of population living in nearby 

landfills suffer from infectious and contagious 

diseases due to the polluted water bodies and 

landfills. Setting priorities in MSW 

management through plasma gasification to 

energy recovery could reduce the negative 

impacts of waste to a large extent, and 

improve the hygienic conditions of the 

community. This will have an overall positive 

impact on the health conditions of the 

community. 

Technical Feasibility  

Synthetic fuel gas or syngas is a low calorific 

value fuel produced from gasification process. 

Modification of an existing fossil fuel fired 

power plant into a syngas driven power plant 
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is possible. This modification includes wider 

fuel flow path to increase gas flow into 

combustor since it has lower heating value 

[11]. It is also required to couple the air 

extractor to the compressor for control of inlet 

air flow. Syngas in crude stage is very dirty 

and consists of chemicals harmful to turbine 

blades; hence a syngas treatment unit has to be 

installed to purify the gases [12]. This 

modification may not be economical. 

However, since the government has already 

declared projects to covert fossil fuel plants 

into natural gas plants [13], during this 

conversion projects, modifications for syngas 

could also be introduced. In these projects, 

gasifier and gas treatment unit need to be 

installed separately. Either syngas or natural 

gas is possible to be used as a fuel by adjusting 

air to fuel ratios. Also there is a possibility of 

mixing of natural gas with syngas, which is a 

proven technology, to generate power. 

Installation of a new plant is a second option 

where it could be an integrated gasification 

combined cycle (IGCC) power plant consisting 

of a gas treatment unit and other auxiliaries. 

Conclusion 

Solid waste management is one of the major 

social and environmental requirements in Sri 

Lanka. In developing countries such as Sri 

Lanka, owing to poor waste management, 

policy and economic concerns, it has become a 

major issue on a national scale. Western 

Province is the most diversified, populated 

economic center of the country, which suffers 

from poor waste management for the past few 

decades. Owing to rapid development of 

urban cities in the western province, 

population density is very high. 

In Sri Lanka most of the collected Municipal 

Solid Waste end up in open dumping yards 

located near the cities and in open burning, 

which cause air pollution. In some cases like 

toxic chemicals, are deposited in illegal 

dumping sites. This type of open dumping, 

open air burning and illegal dumping yards 

cause many short term and long term social 

and environmental problems. The highest 

percentage of MSW is for short term bio 

degradable wastes such as food and plant 

residues. The second highest percentage is 

plastics, shopping bags and polythene-based 

materials. In total, around 80% of MSW 

contains combustible biomass. Furthermore, it 

has been estimated that the heating value of 

MSW available in the western province is 

around 9MJ/kg. MSW collected in the western 

province of Sri Lanka is 2100 tonne per day 

and thus MSW in the selected area has a 

potential to generate around46MW through 

plasma gasification.  

 The Westinghouse plasma gasification 

technology was identified as the most 

sustainable technology after comparison with 

other plasma gasification technologies 

available. 

Moreover, the government has established a 

new development plan based on the western 

province and according to that, all thermal 

power plants are expected to be replaced by 

Liquefied Natural Gas (LNG) and similar 

substances. In that case, the developer has the 

option of using the IGCC plant to plug into the 

Waste to Energy (WTE) system and the initial 

investment would then be reduced to USD 

534.6[5] and the project IRR would be 

improved to 5.10%. 

There is no doubt regarding socio-ecological 

sustainability but less economic sustainability 

with high capital investment on the gasifier 

module and gas turbine power plant. 

Considering socio-ecological benefits given by 

this solution, it is suitable to implement such a 

system in the western province. In the long 

term, it will bring more economical benefits 

also by reduction of expenditure on health, 

and proper valuation of assets near the 

dumping yards. Social development will 

uphold the economy and the overall 

development of the country. Finally green 

energy using plasma gasification would be a 

sustainable solution for the western province 

of Sri Lanka under to manage the MSW.  
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