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Introduction 
 

Sri Lanka is a developing nation, where the solid waste 

management has become one of the most severe 

problems which seek immediate attention of experts.  

Sri Lanka is an island situated next to southern 

India. It has a 65610 km
2
 of land area where over 20 

million residents live.  

According to the National solid waste management 

supporting centre (NSWMSC), the estimated solid 

waste generation in Sri Lanka is approximately 10000 

ton/day. The Local Authorities (LAs) who are obliged 

by law for waste management have been able to collect 

only 35% of generated waste.  Of collected waste, 85% 

is being disposed into open dumps while the small 

amounts is being composted (10%) or recycled (5%). 

The existing open dumps are without any management 

of leachate, dust, odor, gas emissions. 

The non-collected waste (65% of total generation) is 

being managed at on-site mostly (55%) using improper 

methods; backyard dumping, burning or illegal dumping 

(into waterways or roadsides).  Also, a few practices of 

household-scale composting or anaerobic digestion 

(AD) can be seen.  

Generally solid waste of Sri Lanka consisted of high 

organic content (60- 80%) with high moisture (60-80%). 

Improper management of such type of solid waste 

creates severe environmental impacts such as air 

pollution by green house gas emissions, water sources 

pollutions by leachate under climatic variations, disease 

spreading by facilitating insects favor conditions.  

To reduce the potentially harmful impacts of 

improper waste management, organic content of solid 

waste requires diversion using biological treatment 

methods such as composting and AD. For the collected 

waste by LAs, the better strategy is centralized 

composting. The composting is a simple and easy 

method which need low implementation cost. Also, it is 

less sensitive to the quality of the feedstock. The 

product can be easily distributed because of its solid 

form. On the other hand, household-scale AD can be 

easily adopted for non-collected waste because it 

produces both energy and organic fertilizers very much 

useful for rural households. However, the existing 

centralized composting processes for collected waste 

and household-scale AD processes are not well 

investigated to find out success and associated 

problems. 

In light of these issues, this research focused on 

studying existing practices of centralized composting 

for collected waste and household-scale AD for non-

collected waste to identify the success and associated 

problems. Then based on findings, future strategies to 

extend both two methods for the whole country were 

discussed.  

 

 

Study of existing centralized composting 
for collected solid waste 
 

Background 
 

According to NSWMSC, around 120/335 of LAs 

operate centralized composting facilities which are 

mostly small-scale (<10ton/day) windrow composting 

facilities. 

 

Objectives 
 

The study aimed to review the process flow, material 

flow, and cost analysis of existing composting facilities 

to identify success and associated issues. 

 

Methodology 
  
To collect information on process flow, material flow 

and cost of composting facilities, a questionnaire survey 

was conducted for 100 facilities via the postal services 

on May 2014. 

Within 1.5 months of periods, 37 replies were 

received. Only 32 provided the data in which 30 used 

simple windrow composting.  

Field visits were conducted during August to 

September, 2014 to obtain more data. Easiness of 

getting permissions to enter facilities and convenience 

in travel time was lead to limit visits only for 20 

windrow facilities out of 30 replied facilities. 

 

Identified issues in process flow 
 

The process flow (Figure 1) of replied windrow 

composting facilities consisted of sorting, composting, 

maturing and screening (to separate compost and 

residues). 

One of the identified issues was poor aeration for 

waste to be decomposed aerobically during composting 

phase. The sorted organic waste was piled into the 

rectangular block shape and had reduced air voids. This 

is because no bulking materials addition (in all replied 

facilities), adding moisture without monitoring (in all 

visited facilities), absorbing more rain water by keeping 

rectangular piles without a roof (in 23% of replies). 

Also, 43% of replied facilities had taller (<1.5m) and 

larger piles which increased poor aeration inside piles. 



 
Figure 1 Process flow of the windrow composting  

 
Another issue was insufficient knowledge on 

composting coupled with poor operations. The 

stabilization during composting phase cannot be 

guaranteed. This is because there was no correlation 

between composting durations (mostly 1.5-2 months) 

and turning frequencies (turning done by either 

manually or mechanically using bobcats) as both two 

parameters were pre-defined (as revealed during field 

visits). Also, there was no temperature monitoring to 

ensure the stabilization. Similarly, the maturation of 

composting cannot be guaranteed. During maturation 

the aeration was not adequate as piles were larger and 

no turning in visited facilities as well as no monitoring 

to detect maturation.  70% of the replied facilities had 

less than one month (at least one month period is 

required) of maturation. 

 

Material flow  
 

The mixed state of receiving solid waste caused lower 

recovery of feedstock and recyclables. 29 of 30 replied 

facilities received mixed solid waste and resulted in 10-

40% of rejects after the sorting was done. In contrast the 

facility with source separated waste collection had 

around 3% of rejects. Similarly, the recovery of 

recyclables from mixed waste and source separated 

waste were 1-3% and 20%, respectively.   

Due to unreliability of data of compost production, 

instead of production rate, the utilization ratio was 

calculated by dividing average monthly selling of 

compost with sorted feedstock for compost. The 

utilization ratios of all the facilities were less than 10%. 

This value is low because the average production rate of 

windrow composting facilities should be around 20% of 

feedstock in wet basis. 

 

Cost of composting 
 

According to the construction cost per unit capacity of 

replied facilities, there is no significant difference 

between roofed and open facilities. This means all 

composting facilities should be roofed because it is not 

expensive. Also, roofing is benefited for composting 

processes as it avoid rainwater entering into composting 

piles.  

The cost of salary per unit input in all the facilities 

showed turning either by manually or mechanical 

turning did not make any significant difference. This is 

because most labors need for the sorting the receiving 

mixed waste. The utility cost per unit input indicated 

higher cost for turning by mechanically due to the fuel 

consumptions of turning machines. However, the cost of 

salary was mostly 10 times higher than cost of utility. 

This means the cost of operations in composting can be 

reduced by having source separated waste collections. 

 
Recommendations 
 

According to the outcomes of this research, the demand 

for compost remains at a low level. One possible reason 

is low quality of the produced compost. To sustain the 

centralized composting for collected solid waste, more 

demand for composting could be stimulated by 

improving the quality of the compost and by marketing 

the usage of the compost among farmers.  

To improve quality, source separated was collection 

is required. To implement this, regulations and guidance 

for LAs should be given by national government. Also, 

the public support has to be obtained by informing 

about advantages of source separations by LAs. 

Another requirement is having technically corrected 

composting operations. The composting process should 

be included with temperature monitoring, moisture 

monitoring, maturation monitoring, and addition of 

bulking materials. The guidance needed for these 

operations should be given by national government to 

the LAs with necessary equipment.  Also the operators 

have to be well trained to improve the knowledge on 

composting process and to cope with technical 

operational steps. The training should be given by the 

government. 

To increase demand for compost, the usage of the 

compost should be promoted. One option is undertaking 

organic farming attractively at facility premises. As 

noted during field visits, mostly facilities have enough 

spaces to do so. Also, it is important to routinely assess 

the quality of the compost (once per month is better) by 

sending the samples to the appropriate institutions such 

as agricultural department and illustrate on the compost 

packing covers attractively. 

Advertising is an additional option to market 

compost amongst farmers. Conducting seminars and 

distribution of small leaflets on the advantages of using 

compost, and erecting larger advertising boards at city 

centers could be done for that.  

 

 

Study of existing household-scale AD for 
non-collected waste 

 

Background 
 

Household-scale AD was initially introduced to Sri 

Lanka in the early 1970s to provide energy for rural 

households. Then, it was promoted as a support for 

agriculture. Waste management by AD was then 

included in implementation initiatives by 2000. Up to 



now, around only 7500 AD systems have been already 

installed.  

 

Objectives 
 

The research targeted to analyze process flow, 

material balance, management of biogas and slurry, 

changes in waste disposal, and cost of the existing 

household-scale AD practices. 

 

Methodology 
 

To collect information of household-scale AD systems, 

a questionnaire survey was conducted for 100 users 

during period of July to August, 2016. The 

questionnaire asked for AD users details, AD digester 

details, types of input waste, use of outputs (biogas & 

slurry) and resulted cost savings, cost of construction, 

and users satisfactions about use of AD.  

 

General outline of visited AD systems 
 

On the basis of background, the 100 AD users were 

divided into five groups: (1) Households-17 users, (2) 

Households with livestock- 74 users, (3) Commercial 

settings-3 users, (4) Temples-4 users, and (5) swine 

farms-2 users.  

LW (livestock waste) was the primary waste input 

for the group 2&5, and KW (kitchen waste) & HW 

(human waste) was often used in other groups. Only one 

used KW & WH (water hyacinth), received from nearby 

areas. There were no clear relationship between input 

waste type and capacity (varied from 7-30 m
3
).  

 
94 surveyed AD systems used the Chinese fixed 

dome type digesters (Figure 2).  

In overall, maintenance of AD systems is 

insufficient. Stirring hinders scum formation but were 

practices in only four systems. Monitoring gas pressure 

is vital for protecting the digesters against high gas 

pressure which cause gas leaks, but was monitored in 62 

AD systems. Removal of condensed water in the gas 

outlet pipes was done only in 10 AD systems. 

Desulfurizers were equipped in 32 AD systems, but they 

were not regularly cleaned which cause corrosions in 

gas stoves.   

Prior to having AD systems, mostly improper 

disposals were used for input waste. KW and LW waste 

mostly disposed of in open dumping. Discharge HW 

into a closed pit also connected to environmental 

pollution. Because of improper disposals of LW, users 

previously received complaints about the odor. 

 

Material and cost balance 
 

In this section, 87 Chinese fixed dome type digesters in 

1
st
 & 2

nd
 groups were concerned.  

The amounts of KW, HW and LW were estimated 

using published values. According to the estimations, 

HW:KW in the 1
st
 group is 80:20 and LW:KW in 2

nd
 

group is 80-95:20-5. 

By using estimated input, hydraulic retention times 

(HRT) was calculated as the ratio of the working 

capacities (90% of actual capacity) of the digester to 

daily feeding quantities including water. Water addition 

was estimated according to the provided details by 

users. The calculated HRTs show a wide distribution 

which means digester capacities were not selected 

considering the feeding amounts.  As digestion occurred 

in the mesophilic conditions because digesters were at 

ambient temperature around 27
0
C, the recommended 

HRT should be between 10 & 60 days. However, 

estimated HRTs exceed recommended values. This 

means constructions were uneconomical.  Also, 

digesters’ have long HRTs because of low feeding of 

input waste into AD systems. 59 users in 2
nd

 group did 

not use KW. HW was rarely used for AD in 2
nd

 group as 

most of users thought that it was not right to use HW-

derived gas or slurry. This type of low feeding was a 

result of lack of knowledge about the AD processes. 

The biogas was only used for cooking. Initially 17 of 

2
nd

 group wanted to use biogas for lighting to reduce 

electricity bills, but they are given up as essential 

accessories were hard to find. Most of the users in both 

1
st
 & 2

nd
 group had more than 75% of fuel reductions in 

cooking. Higher cost savings resulted for LP gas users 

(21). Even though having low savings wood users (only 

5 had savings) also satisfied about AD use because of 

time savings in wood collecting. Some people in 2
nd

 

group had extra productions and wasted because of no 

other uses. Also, some people not use full amount of 

LW to regulate biogas productions.  

On the other hand 48 users had use of slurry, while 

32 discharged slurry without any use because of no-

crops or faraway corps.  However, only 9 out of 48users 

had cost savings because of slurry uses. Application of 

slurry into main crops (cultivated for market) was 

resulted higher savings as higher usage of chemical 

fertilizers. However, several users were hesitating to 

reduce chemical fertilizer even they used slurry for main 

crops. This is because their lack of knowledge about use 

of slurry. 

There was no significant correlation between 

construction cost and capacities of the digesters, but the 

cost increases with the capacities. This means proper 

sizing makes reduced construction costs. The cost of 

construction is two to four times higher than monthly 

household income which urges importance of subsidies 

for constructions. Actually, averagely 44% of 

construction cost was paid back as subsidies. The 

calculated cost recovery years (construction cost/annual 

cost savings) for 26 users with cost savings showed that 

even with subsidies more than 10 years have to spent 

 
Figure 2 The Chinese fixed dome digester 



the initial cost. To reduce the duration of recovery, cost 

savings should be increased or the construction cost 

should be reduced by correct sizing.  

 

Recommendations 
 

For the AD systems, proper planning is necessary. The 

sizing of digesters should be done according to the 

potential input amounts. The necessary apparatus for 

maintenance should be provided such as desulfurizers, 

pressure gauges, condensed water removal traps. 

It is needed to maximize the use of outputs. After 

estimating the gas productions, uses has to be decided 

with providing necessary accessories such as gas lamps 

for lighting, biogas fed generators to make electricity. 

Also, the potential value of slurry has to be informed for 

users to increase the cost savings while reducing the use 

of chemical fertilizers. 

The instructions should be clearly provided for users 

to sustain the AD systems. The users have to be 

informed to feed all the available waste into AD 

systems followed by details about maintenance of AD 

systems such as cleaning of desulfurizers, removing 

condensed water, monitoring pressure, stirring. To 

avoid the loss of nutrient contents, the slurry should be 

covered using a lid at outlets. Also, instead of the earth 

trenches, PVC pipes should be used to avoid slurry 

leach out. On the other hand, if no use users have to 

instruct to use an underground pit for disposing of 

slurry. 

Apart from that, to gain attention from public 

towards use of AD systems both financial and non-

financial benefits should be emphasized. 

 

 

Future strategies to extend centralized 
composting and household-scale 
anaerobic digestion for the whole country 

 

Future possible use of centralized composting 
for collected waste 
 

Out of 335 LAs in Sri Lanka, more than 200 of LAs still 

practice open dumps. For them, constructing 

composting facilities for each LA is not economically 

feasible as most of them demand (<80%) small facilities 

(<10 ton/day).   Hence, joint composting facilities have 

to be concerned as one composting facility locates in 

one LA and surrounding LAs transport (below 40km) 

the collected waste daily into it.  Finally, for 213 LAs, 

59 joint composting facilities are needed with five 

capacities (12 facilities with 10 ton/day capacity, 17 

facilities with 20 ton/day capacity, 11 facilities with 30 

ton/day capacity, 12 facilities with 80 ton/day capacity, 

and 7 facilities with 140 ton/day capacity).   

For these facilities, the process flow is selected as 

compost product is of good quality. Figure 3 shows the 

process flow. Receiving of source separated waste 

collection, weighting, shredding, monitoring of 

temperature, moisture, and maturity, and adding of 

bulking material are newly added to the process flow. 

 
Weighting by using a weighbridge is vital to 

maintaining records which is useful for future 

developments. To speed up the process flow, shredding 

is included. As the bulking material, the coarse residue 

resulted by screening the compost is mixed with the 

organic feedstock. To ensure the stabilization of 

compost, monitoring of pile temperatures by using 1m 

long temperature probes, monitoring of moisture by 

conducting the squeeze test and monitoring of maturity 

by conducting the odor test is considered. All the 

facilities are roofed to reduce the leachate generation by 

penetrating rainwater into piles. 

Assuming all the parameters (such as composting of 

collected waste, bulk density of shredded feedstock, 

amount of bulking material addition, cross section of 

windrow piles, duration of composting-35 days, 

frequency of turning-1/week, duration of maturation-28 

days, efficiency of composting-20% of feedstock in wet 

basis) the area needed for each size facility is calculated. 

According to the available literature, requirements of 

equipment and workers are done.  Then, the operational 

cost and the implementation cost are estimated.  

The cost of workers is the highest cost item in the 

operational cost which is range from 65-84% of the total 

operational cost. However, if the facilities receive 

mixed waste collections, then the salary cost would be 

doubled as more workers are needed for sorting. 

According to the comparison of the operational cost of 

composting with the existing waste management cost 

(for collecting, transporting into open dumps, vehicle 

repairing and workers salaries), the operational cost 

would be manageable for LAs. This is because the 

operational cost is less than 20% of the existing waste 

management cost.  

The construction of facility buildings is the highest 

cost item in implementation cost which is range 

between 82-86% of the total implementation cost. The 

comparison of the implementation cost of all 59 

facilities with the annual allocations for essential 

requirements (for education, health, salaries of 

government workers), the total implementation cost is 

much higher than each annual allocation. This means it 

is not possible to implement all the facilities at once. 

 
Figure 3 Desirable process flow of composting 

facilities 
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Possible options are taking foreign loans or constructing 

facilities in several stages like 10 facilities per year. 

The cost recovery of the composting facilities is 

calculated to check the feasibility of paying back 

foreign loans if taken.  The cost recovery is calculated 

by dividing implementation cost by net annual income 

(income minus expenditure).  The income consisted of 

income by selling compost and recyclables while the 

expenditure includes annual operational cost and 

packaging cost.  According to the calculations, the 

implementation cost can be recovered within a short 

period of time (<5 years) for all five sized facilities if it 

is possible to sell all the compost production. This 

means the paying back loans is feasible, but need to 

increase usage of compost. 

 

Future possible use of Household-scale AD 
for non-collected waste 

 

At present, the use of household-scale AD is insufficient 

in number. According to the department of Census and 

statistics, in 2012, 72% of the households carried out 

improper on-site waste disposal. Out of this 93% and 

7% corresponded to Groups 1, and 2, respectively 

(Group 1- household only, Group 2-household with 

livestock). The possibility of using household-scale AD 

in the future is discussed for these households. 

Increase of biogas production and demand can 

increase cost saving according to the study of existing 

household-scale AD. As the demand both cooking and 

lighting (using biogas lamps) are considered. For 

cooking, the biogas demand is taken from literature. As 

for lighting, the use of four 60W light bulbs for 4 h was 

assumed, and the biogas demand for lighting replaced 

by four biogas lamps was calculated on the basis o f the 

manufacture’s data.  It is assumed that one household 

consists of four members. The generation of KW, HW 

and LW, and the biogas generation from each waste 

type was estimated by using values taken from 

literature. 

Figure 4 shows assumed scenarios for both group 1 

and group 2. For group 1, gas production presently 

covers only around 1/3 of the demand of the cooking. 

Biogas production can be increased by collecting only 

KW from four neighbors (Case 1) because transporting 

HW is not feasible. To serve energy for both cooking 

and lighting, KW of nine household is needed (Case 2). 

In this case, power generation is not practically possible. 

For Group 2, two subgroups are assumed, Group 2L 

and Group 2S, in which the average number of cattle is 

ten and three, respectively. The present case of Group 

2L, shows that the biogas produced using part of LW 

(around 40%) is enough to meet the cooking demand. 

The demand can be increased by introducing lighting 

(Case L1), but around 30% of LW remains. For full 

utilization of LW for producing gas (Case L2), power 

generation (biogas demand for power generation was 

calculated on the basis o f the generator-manufacture’s 

data) is considered for the use of lighting bulbs and 

other electrical appliances (according to the generator 

specifications, biogas amounts is only enough to operate 

the generator for 2 hours). In Group 2S, presently gas 

production is not enough for cooking, so the strategy is 

the same as in Group 1, that is increasing gas 

production. Using own KW produces gas to meet the 

cooking demand (Case S1), and both cooking and 

lighting are possible by adding KW of five households 

(Case S2). 

According to the literature values for Sri Lanka, 1.2 

m3 of biogas replaces 0.32 kg of LP gas or 4.4 kg of 

wood daily in cooking. Lighting by biogas lamps will 

save 0.96 kWh/day of electricity. When a power 

generator is used in Case L2, the operation for 2 hours 

produces 3 kWh/day (within 2 hours, 0.48 kWh for 

lighting and remaining power for other electrical 

appliances). The saving of nutrients for cultivations is 

determined using the nutrient content of each waste 

input and the utilization rate of each nutrient for crops 

and the amount of input waste.  

According to the estimated annual cost savings 

based on above values, the highest saving is obtained by 

replacing LP gas for cooking. Replacing wood is not 

significant because of low price of wood. Power 

generation makes considerable savings in Case L2. The 

smallest savings is resulting by occupying biogas lamps.  

Higher savings by increased biogas production and 

demand emphasizes the importance of collecting KW 

from nearby by houses especially for group 1. To do 

this, LAs have to follow some strategies. LAs have to 

select the benefiter/owner of the AD and feeders of KW. 

It would be preferable to select household paying for 

cooking fuel as the benefiter while the others as the 

feeders of KW. Additionally, to make the attitudes 

favorable for this type of plan, both parties (the 

benefiter and feeders) may need encouraging by 

highlighting the advantages (e.g. the benefiters have 

increased uses and the feeders have treatment for KW 

freely by LAs.  

The cost recovery years for all the cases are 

calculated. The digester capacities are appropriately 

selected considering the correct HRTs. One percent of 

the construction cost is considered as the annual 

maintenance cost for all the cases. In order to prevent 

corrosion, the use of desulfurizers is considered for 

cases with lamps and generators. 

The considered improvements (Case 1 & Case 2) for 

the group 1 reduce the cost recovery as acceptable as 6 

years. This means, instead of subsidies loans can be 

provided for the most of the future implementations (as 

group one is the largest group), and it is economically 

advantageous for the government. 

Apart from above discussed things, in order to 

increased practices of the household-scale AD, it is 

critically important to inform/advertize the benefits of 

AD processes such as potential cost savings by use of 

biogas and slurry, available support (loans or subsidy) 

to construct AD systems and potential environmental 

improvements. The informing can be done using 

posters, media advertisements in national languages by 

both national and local governments. 

 



 

 
 

 

Conclusions 
 

According to the study of existing practices of 

centralized composting for collected waste and 

household-scale AD for non-collected waste, both 

systems are functioning with poor designing and poor 

operations as discussed earlier.   

To get the maximum use of both methods in terms 

of waste management, proper technical guidelines, 

regulations, and assistance by the government are 

necessary. Also, the country wide trend towards organic 

fertilizers is necessary to sustain the future 

implementations of these processes. As cost 

assessments of future implementations shows, the 

burden on the government in terms of financial 

requirements can be ease by having proper design and 

proper operations for each process. 

 
Figure 4 Biogas production and use under possible scenarios 
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