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341CASE: FECAL SLUDGE AND MUNICIPAL WASTE COMPOSTING

CASE

Fecal sludge and municipal solid 
waste composting for cost recovery 
(Balangoda Compost Plant, Sri Lanka)

Miriam Otoo, Krishna C. Rao, Lesley Hope and Ishara Atukorala

Supporting case for Business Model 10

Location: Balangoda, Sri Lanka

Waste input type: Municipal solid waste (MSW) and fecal sludge 

Value offer: Provision of MSW-based compost (‘regular’ 
compost), fecal sludge-based compost 
(‘super’ compost) and treated wastewater 

Organization type: Public entity

Status of 
organization:

Operational since 1999 but was privatized in 
2003 and restored to government again in 2005

Scale of businesses: Small to medium; processes more 
than 300 tons of MSW/month

Major partners: Central Environmental Authority, Municipal 
Council, Universities, LIRNEasia

Executive summary
Balangoda Compost Plant (BCP) is a public entity that converts MSW into compost, and by adding 
also night soil1 into super compost, as well as treating of water and trading of recyclables. It was set up 
to curb environmental and sanitation problems in Balangoda, in particular, indiscriminate disposal of 
night soil and solid waste accumulation. It uses the open-windrow processing technology to compost 
municipal solid waste. A simple approach with limited energy requirements is used in treating night 
soil, where water purifying plants and charcoal filters are used to treat the wastewater in the fecal 
sludge. Although geared towards cost-recovery and receiving partial financial support from the central 
government, BCP generates significant income from its multiple revenue streams – sale of compost 
and recyclables. MSW-based compost and super compost are sold directly to farmers through 
agro-outlets in local markets. Other government bodies, such as the Urban Development Authority 
and the Ministry of Agriculture, buy directly in bulk for landscaping. There is however no market for 
the treated water (leachate product). Resource centres where non-degradable waste is traded have 
been established in the city centre and at ten schools. BCP purchases segregated non-degradable 
waste from these resource centres and schools and resells to recycling companies at a higher price. 
This initiative has significantly reduced direct human contact with untreated waste and provided an 
improved environment for the community through proper waste management practices in the region. 
Additionally, it has created jobs and improved infrastructure via the construction of access roads to 
the project site. It has also caused an attitude change towards waste among the younger generation. 
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KEY INDICATORS (AS OF 2015)

Land use: 1 ha

Capital investment: USD 352,000 including costs of 1 hectare of land

Labor: 17 people (15 unskilled, 2 skilled)

O&M cost: USD 1,340 per month 

Output: 30 tons of compost, 5 tons of super compost and 180,000 
litres of treated water, all on a monthly basis

Potential social and/
or enviornmental 
impact:

17 jobs, production of high quality and affordable compost and super compost, 
treated water, changed attitude of children to waste, cleaner local environment 

Financial viability 
indicators:

Payback 
period:

N.A. Post-tax 
IRR:

N.A. Gross 
margin:

N.A.

Context and background
The Balangoda Compost Plant (BCP) was set up to process municipal solid waste into compost. The plant 
started as a project with the mission of providing a solution to the solid waste problem as a community 
service. However, it gradually evolved into a business while providing community service. Balangoda 
is situated in Sabaragamuwa province of Sri Lanka, with a population of more than 40,000 and a land 
area of 16.2 km2. The plant was started in 1999 and it has undergone several changes in ownership 
structure; it was set up and managed by the government but privatized after a change in government. 
The ownership was again transferred to the government when the private entity neglected safe handling 
of waste and focused completely on profits. Construction cost of the compost plant and the access 
roads were funded by Central Environmental Authority and Provincial Council. The land was given to 
the project at no cost by the Land Reform Committee. As a rejuvenated project in 2003, it embarked 
on cleaning the city in the night including collection of waste which was appreciated by the people and  
the decision makers resulting in further allocation of funds to improve the plant. By 2005, funding  
and revenue received was used to purchase the required machines and with the help of the municipality, 
a resource centre was built to purchase non-degradable waste in the city. The plant procured plastic and 
polythene pelletizers to add value to the non-degradable waste which reduced related transportation 
cost from product distribution. In 2008, a fecal sludge treatment plant was established with funds from 
the “Pillisaru” project of the Central Environmental Authority. Funds were used to construct a receiving 
tank, 2 sedimentation tanks, a water treatment facility and a drying bed. The majority of the building has 
been constructed from the funds and subsidies provided by the government. BCP earns revenue from 
sale of compost, super compost and recyclables. A twelve-year target of making a ‘Waste Free City’ has 
been achieved by the plant whereby all generated waste in the city is collected and treated. 

Market environment
Waste accumulation in the city caused many problems including unpleasant odor, contamination of 
water bodies and paddy fields, giving rise to epidemic diseases like Salmonella typhoid and diarrhoea. 
This has resulted in a great need for the implementation of sustainable waste management solutions. 
Soils in the Eastern province of Sri Lanka are traditionally very sandy and chemical fertilizers leach out 
of the soil at a faster rate without the application of soil conditioners. Additionally, the over application 
of chemical fertilizers has damaged a considerable proportion of the soil structure and has rendered 
most of the lands unsuitable for agricultural production. Government and farmers in the Eastern 
province of Sri Lanka realize the importance of organic fertilizer use to mitigate the long-term damage 
of agricultural lands. This has resulted in an increased demand for organic compost in the Eastern 
Province. BCP sells an average of five tons of compost per month of which 40% is sold in the locality 
and 60% in the Eastern province and foresees an increasing trend in demand.
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343CASE: FECAL SLUDGE AND MUNICIPAL WASTE COMPOSTING

Macro-economic environment
The introduction of cash payment-based subsidies for chemical fertilizers may affect the demand of 
organic fertilizer in the locality. BCP is largely focusing on the Eastern province fertilizer market where 
organic fertilizer is in high demand due to the poor structure and declining fertility of the soils. The 
demand for chemical fertilizers is fairly high country-wide and this has been one of the driving factors 
for price subsidization by the government. A 50kg bag of chemical fertilizer at the subsidized rate is 
sold between a range of USD 2.75–3.07 and organic compost produced by Balangoda composting 
plant is sold for USD 3.14. BCP faces strong competition from both chemical and organic fertilizer 
businesses (Table 34).

TABLE 34. PRICES OF ORGANIC AND INORGANIC FERTILIZERS IN SRI LANKA 2015

FERTILIZER TYPE PRICE (USD/50KG)

Organic fertilizer – Balangoda composting plant 3.14

Organic fertilizer – Nawalapitiya 2.74

Chemical fertilizer 2.75 – 3.07

Business model
Figure 126 provides an overview of the Balangoda Composting Plant’s (BCP) business model. It is a 
public entity that processes municipal solid waste (MSW) and fecal sludge (FS) into organic fertilizers, 
treats leachate (wastewater) and sells recyclables (non-degradable waste). The enterprise was set up 
with the intent of providing community service and is not profit-oriented. The plant employs a value-
driven model, where quality of the product is the main focus. For instance, the nitrogen content of the 
compost from MSW and FS are 1.68 and 2.9 respectively, compared to an average of 0.5–0.7 found 
on the market. It also adapts a demand driven approach where compost is sold to farmers that have 
need of the product, i.e. localities where soils are sandy in nature and thus require soil conditioner 
to bind soil particles together. Organic compost from both MSW (regular compost) and FS (super 
compost) are sold to farmers within the locality, as well as to the farmers in the Eastern province of Sri 
Lanka. As a part of its marketing strategy and to expand its customer base, BCP gave all its first-time 
customers free compost samples so that they could witness increased yields on their own farms. This 
has been instrumental in increasing its market share. An additional source of revenue is from the sale 
of recyclables which are bought from locals and sold directly to recycling companies at higher prices. 
There is no market for the treated wastewater. BCP has partnered with the Pillisaru Project which 
contributed funds for the construction of tanks and drying beds required for the production of the super 
compost. It is important to note that this was a one-time contribution, and whilst a partner to BCP, they 
are not a key partner in the business model, since it has no continued role in the business. Another 
key partner has been the local university for laboratory analysis of wastewater and with LIRNEasia2 
for technology development and skills training of the staff. A key success factor of this business has 
been its ability to liaise with the urban council to enact a waste tax for shops and institutions that 
fail to segregate waste. This has tremendously reduced the costs associated with waste sorting and 
sped up the entire production process. Waste resource centres have been implemented in schools. 
Students have been trained on waste segregation and the benefits of waste reuse which has resulted 
in an attitudinal change among the young generation. 

Value chain and position
Figure 127 provides an overview of BCP’s value chain. The Balangoda compost plant is a public entity 
owned by the municipal council. It receives its major input, i.e. municipal solid waste and fecal sludge, 
from the council and commercial companies. It partners with universities and LIRNEasia for research 
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COST STRUCTURE

 Investment Capital cost (including receiving 
tanks, sedimentation tank, plastic and polythene 
pelletizer, water treatment facility and drying bed)

 Operation and maintenance (maintenance of 
machinery, quality control and labor cost)

 Purchase of non-degradable waste 
from resource centres

REVENUE STREAMS

 Waste collection funds from government and waste tax 
from commercial entities that do not segregate waste

 Waste collection fees collected directly 
from some commercial entities such as 
fish market, vegetable market etc. 

 Sales of compost and super compost 

 Sales from non-degradable waste 

SOCIAL & ENVIRONMENTAL COSTS

 Possible pollution of water bodies from leachate

SOCIAL & ENVIRONMENTAL BENEFITS

 Reduction of waste generated in the municipality 

 Reduced existing waste management costs

 Possible reduction of pollution of water bodies from 
reduced indiscriminate disposal of fecal sludge

 Reduced human exposure to untreated waste 

 Creation of job opportunities

 Improved food security 

KEY 
PARTNERS

 Central 
Environmental 
Authority

 Municipal 
Council

 LIRNEasia

 Universities 

KEY 
ACTIVITIES

 Collection and 
separation 
of waste 

 Production 
and sale of 
compost and 
super compost 

 Trading of 
recyclables 

 Awareness 
raising activities 
at educational 
institutions

VALUE 
PROPOSITIONS

 Provision of 
improved 
sanitation 
and waste 
management 
services 

 Provision of high 
nutrient compost 
and super 
compost for 
farming activities 
and landscaping

 Recycling 
companies get 
to buy recyclable 
wastes at an 
affordable price 

CUSTOMER 
RELATIONSHIPS

 Personal 
collection 
of waste

 Personal help 
at direct sales 
(marketing 
strategy adapted 
where samples 
are given to 
farmers free 
of charge the 
first time)

 Personal

CUSTOMER 
SEGMENTS

 Commercial firms 
and residents 
of Balangoda

 Farmers within 
locality and 
Eastern province 
farmers 

 Bulk buyers: 
Government 
authorities 
(Urban 
Development 
Authority for 
Landscaping 
and Ministry of 
Agriculture)

 Recycling 
companies 

KEY 
RESOURCES

 Machinery 

 Land and labor

 MSW

 License (fertilizer 
manufacturing 
and 
environmental 
impact 
assessment) 

CHANNELS

 Direct

 Local market 
through a 
well-constructed 
market chain and 
direct channel 
to bulk buyers

 Waste resource 
centres and 
school children 
to collect 
recyclables 
and direct sale 
to recycling 
companies

FIGURE 126. BALANGODA COMPOST PLANT’S BUSINESS MODEL CANVAS
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into technology development and skill training respectively. The partnership with the university is a 
win-win situation where students from the universities (Sabaragamuwa and Jayawardena) use the 
composting site for research activities and the enterprise also benefits from the resulting research 
outputs. Key products, i.e. compost and non-degradable, are sold directly to locals through the 
local markets from agro-shops. Government institutions such as Road Development Authority are 
continuous buyers, but no agreements or partnerships exist between them. Products are supplied on 
occasional demand. The municipal solid waste used by BCP is collected and managed by the urban 
council. BCP has the urban council as its primary supplier of waste and hence the supplier power is 
high. Subsidized chemical fertilizer has a lower price compared to the organic fertilizer and has reduced 
the demand of organic fertilizer in spite of its nutrient retentive capacity. BCP must thus maintain a 
price lower than the subsidized chemical fertilizer to penetrate the market. Chemical fertilizer and other 
organic compost are good substitutes of the organic fertilizer produced by BCP. High price of organic 
fertilizer attributable to subsidies on chemical fertilizer and high application frequency has created 
demand for chemical fertilizer over organic fertilizers. The threat of new entrants into municipal solid 
waste processing is low due to the fact that the urban council owns waste and a permit is required to 
collect or process waste. In addition, waste recycling businesses are limited by institutional structures. 

UNIVERSITIES MUNICIPAL COUNCIL, 
COMMERCIAL COMPANIES

LIRNE
ASIA

COMPOST $ RECYCLABLES $

BALANDOGA COMPOST PLANT (BCP)

FARMERS AND 
GOVERNMENT AUTHORITIES

RECYCLING
COMPANIES

TRAININGTECHNOLOGY FUNDS AND
WASTE TAX

MSW 
AND FS

PILLISARU
PROJECT

FINANCIAL
SUPPORT

FIGURE 127. BCP’S VALUE CHAIN

Copyright Material – Provided by Taylor & Francis 



CHAPTER 7. SUBSIDIZED COMPOSTING AT DISTRICT LEVEL

S
E

C
T

IO
N

 I
II

: 
N

U
T

R
IE

N
T

 A
N

D
 O

R
G

A
N

IC
 M

A
T

T
E

R
 R

E
C

O
V

E
R

Y
346

Institutional environment
In 2000, the Government of Sri Lanka passed the national strategy for solid waste management that 
targets waste minimization, reuse of waste, recycling and appropriate final disposal of waste. In 2007, 
a new policy was formulated and implemented – the National Policy on Solid Waste Management to 
replace the 2000 National Strategy for Solid Waste Management. Under this new policy, the government 
annually allots funds for the capital investment of solid waste management projects such as Balangoda. 
There are currently no laws that limit the reuse of treated MSW or FS. However, all waste reuse 
businesses in Sri Lanka require permits and certifications prior to starting operations. This is inclusive 
of an environmental impact assessment to be conducted by a certifiable third party on an annual basis. 
The Sri Lanka Standards Institution (SLS) is responsible for the development of national standards for 
products and services used mainly in the industrial and trade sector. The division consists of sections 
namely agriculture, food, chemicals and cosmetics and textiles. SLS has developed standards for the 
production and marketing of compost and other organic inputs – SLS 1246:2003, UDC628.477.4 (SLS, 
2014). This standard requires quality monitoring of the compost product by certified third party local 
authority and submission of results to the SLS monitoring committee. Additionally, this standard has 
set requirements for nutrient levels, biological and microbiological requirements and limits of heavy 
metals. Compliance to these standards not only ensures the sustainability of compost businesses, but 
it allows them to self-brand their product and increase their market share.

Technology and processes

Production of MSW-based compost

BCP uses the open-windrow system for the processing of municipal solid waste into compost 
(Figure 128). The technology has a high rate of recovery for bulky materials, and is thus suitable 

MSW, AGRO-WASTE LIKE RICE 
HUSKS, ROCK PHOSPHATE

TURNING OF PILES 
AT INTERVALS

MATURATION

FINE
PARTICLE

LARGER 
MATERIALS

SIEVING

PACKAGED

FIGURE 128. PROCESS DIAGRAM FOR PRODUCTION OF BCP’S MSW-BASED COMPOST
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for composting large volumes of waste. The equipment is locally manufactured which considerably 
reduces the investment cost. However, the maintenance cost of equipment is high and it is not space 
efficient. Sorted MSW is piled up to a size of 5x5x12 feet. Every pile is maintained for six weeks.  
A temperature of nearly 70oC is maintained inside the pile, which minimizes pathogens including harmful 
helminths (worms) and fly larvae. Rock phosphate is also added to increase the phosphorus content of 
the final product. Since the composting site is situated just 25 feet away from the households, efforts 
are been made to maintain the aerobic conditions thus the piles are mixed at appropriate intervals 
(at least once a week) maintaining temperature, moisture and amount of air inside the pile. Leachate 
is collected six hours after the open windrow preparation and this is mixed with water in the ratio of 
1:1,000 and sprinkled back on the composting piles for temperature regulation. Once the composting 
process is over, the piles are left for maturation for one to two weeks where pathogenic fungi such as 
Aspergillus are eliminated due to the drop of moisture level to around 5%. The compost is then sieved 
through a 6mm sieve to get fine particles of compost (the stated standard range for particle size is 
4mm to 10mm). Before packaging, the moisture level of the compost is increased to 15%. 

Production of fecal sludge and municipal solid waste-based co-compost
The treatment of fecal sludge involves a simple approach that does not require any energy except 
sufficient sunshine (Figure 129). The collected fecal sludge is unloaded into settling tanks and kept 
there for 45 minutes for the solid material to settle. The liquid portion is then taken into a treatment 

UNLOADING 
FECAL SLUDGE 

INTO TANK

SETTLING OF SOLID 
MATERIALS

PURIFICATION WITH
COCONUT FIBER

TREATMENT
TANK

DRYING
BEDS

MIXED WITH MSW 
COMPOST

CHARCOAL
FILTER

SUPER 
COMPOST

WETLANDS

TREATED WATER

LiquidSolid

FIGURE 129. PROCESS DIAGRAM FOR PRODUCTION OF BCP’S ‘SUPER’ COMPOST
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tank where coconut fibres are used to create microenvironments rich with micro-organisms that purify 
the wastewater. This water is passed through a charcoal filter to a constructed wetland for further 
treatment. The solid matter is sent to two drying beds where they are stored for 28 days. This dried 
fecal matter is mixed with the MSW-based compost to produce a co-compost (super compost). 
The product is termed ‘super compost’ because the addition of the dried fecal sludge increases the 
nutrient content and levels of the final product.

Funding and financial outlook
The Central Environmental Authority and the Provincial Council funded the construction of the compost 
plant and roads at the cost of USD 300,000. The land was provided by the Land Reform Committee 
at no cost. Operation and maintenance cost is estimated at around USD 1,340 per month. The initial 
operation costs were catered for by the municipal council until the project began making profit. The 
Central Environmental Authority together with the urban council funded the construction of the fecal 
sludge treatment plant at a cost of USD 51,000. Collection centres for non-degradable and associated 
infrastructure were also established at a cost of USD 3,200. Apart from the recovered resources from 
organic material, the municipality sells non-degradable materials to recyclers. Acting as middlemen 
in the business, the urban council doubles the price paid for non-degradable products and earns 
100% profit. Collection fees are taken only from several private fish markets, private farms and private 
meat markets. They are very few in the town. But significant revenue is generated from the waste tax 
charged to entities that do not segregate their waste. This sums up to USD 3,900 per annum. In 2011, 
the council made a profit of USD 165 from compost and USD 1806 from sales of non-degradable 
products. BCP envisions earning additional income from the sale of processed plastics.

Socio-economic, health and environmental impact
The benefits from BCP’s activities are multi-fold. This plant has considerably reduced the municipality’s 
waste management cost and also generates additional income beyond cost-recovery. Seventeen 
workers from the locality are provided with employment. Farmers benefit from the use of high quality 
and affordable organic fertilizers. The composting plant, in addition to managing municipal solid 
waste, treats fecal sludge from onsite sanitation systems in Balangoda, thus reducing indiscriminate 
dumping of fecal sludge. Residents of Balangoda have thus benefited from reduced exposure to 
untreated waste and improved sanitation which has reduced considerable health risk and surface and 
groundwater contamination. BCP is an example of an initially fully subsidized compost plant which 
has been able to transition to a financial self-sufficient business via the implementation of a suitable 
marketing scheme and strategic partnerships.

Scalability and replicability considerations
The key drivers for the success of this business are:

Strong funding support from the government and policy that encourages reuse and recycling.
2007 government act enabling self-branding.
Diverse customer base in terms of geographical outreach and strong awareness amongst from 
farmers in the Eastern province on the need for organic fertilizer. 
Clear awareness among farmers concerning soil degradation and the different effects of organic 
and chemical fertilizers.

BCP uses a near holistic approach to resource recovery and reuse where almost all waste types, both 
degradable and non-degradable, are either reused or recycled. The technology adopted is simple, 
requires limited expertise and energy, making it highly replicable. Waste segregation is a primary cost 
component while processing waste as well is a major source of inefficiency. BCP mitigates these 
inefficiencies via the creation of waste resource centres for the segregation of the non-biodegradable 
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waste and thus significantly reducing production costs. A major limitation with implications for 
replication is the high capital investment requirements for land and in localities that are yet to be 
developed –infrastructure, e.g. roads. Another challenge to replicating this model is getting support 
from municipal council to enable a company (private or public) institute a waste tax to reduce the 
receipt of unsorted waste and essentially minimize costs so as to ensure sustainability. 

Summary assessment – SWOT analysis
The SWOT analysis for BCP is presented in Figure 130. The key strengths of the business are: a) 
the low-cost technology; b) segregated waste delivered to this composting plant; c) funding from 
government to cover capital and initial operating cost; and d) governmental support to institute waste 
tax for entities who do not segregate waste. The BCP business however has a couple of weaknesses 
related to limited land availability for future expansion and its dependency on external entities for 
waste segregation. In the future if waste resource centres are unable to manage their operation cost, 
BCP will have to heavily invest in both capital and operational costs for segregating their waste. There 
are several opportunities in which BCP can tap into: a) compliance to certification standards will 
not only contribute to the sustainability of the compost business but it will allow them to self-brand 
their product and increase their market share; b) the enterprise can develop different formulations of 
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organic compost including pelletization 
of fecal sludge compost

 Municipal tax for non-segregators
 2007 government act, enabling self-branding 

and obtaining waste management funds
 Replication of similar model for 

other towns in Sri Lanka
 Tapping carbon market as an 

additional revenue source

THREATS

 Subsidies on inorganic fertilizers 
represent competition and may 
impact sales of organic compost

 Cultural barriers – farmers unwillingness to 
use compost mixed with dry fecal matter 

FIGURE 130. SWOT ANALYSIS FOR BALANGODA COMPOST PLANT
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compost to meet farmers’ requirements; c) with increased scale, BCP can consider tapping into the 
carbon market as an additional revenue source; and d) increasing government support for solid waste 
management has created a demand for this model which can be replicated in other towns and cities in 
Sri Lanka. A significant threat to BCP’s business is increasing competition from subsidized chemical 
fertilizer which may affect the demand for their compost products.

Contributors
Nimal Prematilaka, Balangoda Municipality, Sri Lanka
Jasper Buijs, Sustainnovate, Netherlands; formerly IWMI, Sri Lanka
Josiane Nikiema, IWMI, Ghana

References and further readings
Personal communication with Mr. Nimal Prematilaka (Officer in charge of Balangoda Compost Plant). 

2015.

Case descriptions are based on primary and secondary data provided by case operators, insiders or 
other stakeholders, and reflect our best knowledge at the time of the assessments 2015. As business 
operations are dynamic, data can be subject to change.

Notes
1  Night soil is a euphemism for human excrement, (formerly) collected at night from households. In our context, 

it refers to fecal sludge collected from on-site sanitation facilities, like septic tanks and pit latrines.
2  http://lirneasia.net (accessed November 8, 2017).

Copyright Material – Provided by Taylor & Francis 


	Cover
	Half Title
	Title Page
	Copyright Page
	Table of Contents
	Editors and authors
	Acknowledgements
	Foreword
	Section I: Business Models for a Circular Economy: Introduction
	1. Business models for a circular economy: Linking waste management and sanitation with agriculture
	2. Defining and analyzing RRR business cases and models

	Section II: Energy Recovery from Organic Waste
	Recovering energy from waste: An overview of presented business cases and models
	3. Business models for solid fuel production from waste
	Introduction
	Case – Briquettes from agro-waste (Kampala Jellitone Suppliers, Uganda)
	Business model 1: Briquettes from agro-waste
	Case – Briquettes from municipal solid waste (COOCEN, Kigali, Rwanda)
	Case – Briquettes from agro-waste and municipal solid waste (Eco-Fuel Africa, Uganda)
	Business Model 2: Briquettes from municipal solid waste

	4. Business models for in-house biogas production for energy savings
	Introduction
	Case – Biogas from fecal sludge and kitchen waste at prisons
	Case – Biogas from fecal sludge at community scale (Sulabh, India)
	Case – Biogas from fecal sludge at Kibera communities at Nairobi (Umande Trust, Kenya)
	Business model 3: Biogas from fecal sludge at community level
	Case – Biogas from kitchen waste for internal consumption (Wipro Employees Canteen, India)
	Business model 4: Biogas from kitchen waste

	5. Business models for sustainable and renewable power generation
	Introduction
	Case – Power from manure and agro-waste for rural electrification (Santa Rosillo, Peru)
	Case – Power from swine manure for industry’s internal use (Sadia, Concordia, Brazil)
	Case – Power from manure and slaughterhouse waste for industry’s internal use (SuKarne, Mexico)
	Business model 5: Power from manure
	Case – Power from agro-waste for the grid (Greenko, Koppal, India)
	Case – Power from rice husk for rural electrification (Bihar, India)
	Business model 6: Power from agro-waste
	Case – Power from municipal solid waste at Pune Municipal Corporation (Pune, Maharashtra, India)
	Business model 7: Power from municipal solid waste
	Case – Combined heat and power from bagasse (Mumias Sugar Company, Mumias District, Kenya)
	Case – Power from slaughterhouse waste (Nyongara Slaughter House, Dagorretti, Kenya)
	Case – Combined heat and power and ethanol from sugar industry waste (SSSSK, Maharashtra, India)
	Case – Combined heat and power from agro-industrial wastewater (TBEC, Bangkok,Thailand)
	Business model 8: Combined heat and power from agro-industrial waste for on- and off-site use

	6. Business models on emerging technologies/bio-fuel production from agro-waste
	Introduction
	Case – Bio-ethanol from cassava waste (ETAVEN, Carabobo, Venezuela)
	Case – Organic binder from alcohol production (Eco Biosis S.A., Veracruz, Mexico)
	Business model 9: Bio-ethanol and chemical products from agro and agro-industrial waste


	Section III: Nutrient and Organic Matter Recovery
	Nutrient and organic matter recovery: An overview of presented business cases and models
	7. Business models on partially subsidized composting at district level
	Introduction
	Case – Municipal solid waste composting for cost recovery (Mbale Compost Plant, Uganda)
	Case – Public-private partnership-based municipal solid waste composting (Greenfields Crops, Sri Lanka)
	Case – Fecal sludge and municipal solid waste composting for cost recovery (Balangoda Compost Plant, Sri Lanka)
	Business model 10: Partially subsidized composting at district level

	8. Business models on subsidy-free community-based composting
	Introduction
	Case – Cooperative model for financially sustainable municipal solid waste composting (NAWACOM, Kenya)
	Business model 11: Subsidy-free community-based composting

	9. Business models on large-scale composting for revenue generation
	Introduction
	Case – Inclusive, public-private partnership-based municipal solid waste composting for profit (A2Z Infrastructure Limited, India)
	Case – Municipal solid waste composting with carbon credits for profit (IL&FS, Okhla, India)
	Case – Partnership-driven municipal solid waste composting at scale (KCDC, India)
	Case – Franchising approach to municipal solid waste composting for profit (Terra Firma, India)
	Case – Socially-driven municipal solid waste composting for profit (Waste Concern, Bangladesh)
	Business model 12: Large-scale composting for revenue generation

	10. Business models on nutrient recovery from own agro-industrial waste
	Introduction
	Case – Agricultural waste to high quality compost (DuduTech, Kenya)
	Case – Enriched compost production from sugar industry waste (PASIC, India)
	Case – Livestock waste for compost production (ProBio/Viohache, Mexico)
	Business model 13: Nutrient recovery from own agro-industrial waste

	11. Business models on compost production for sustainable sanitation service delivery
	Introduction
	Case – Fecal sludge to nutrient-rich compost from public toilets (Rwanda Environment Care, Rwanda)
	Business model 14: Compost production for sustainable sanitation service delivery

	12. Business models for outsourcing fecal sludge treatment to the farm
	Introduction
	Case – Fecal sludge for on-farm use (Bangalore Honey Suckers, India)
	Business model 15: Outsourcing fecal sludge treatment to the farm

	13. Business models on phosphorus recovery from excreta and wastewater
	Introduction
	Case – Urine and fecal matter collection for reuse (Ouagadougou, Burkina Faso)
	Business Model 16: Phosphorus recovery from wastewater at scale


	Section IV: Wastewater for Agriculture, Forestry and Aquaculture
	Wastewater for agriculture, forestry and aquaculture: An overview of presented business cases and models
	14. Business models on institutional and regulatory pathways to cost recovery
	Introduction
	Case – Wastewater for fruit and wood production (Egypt)
	Case – Wastewater and biosolids for fruit trees (Tunisia)
	Case – Suburban wastewater treatment designed for reuse and replication (Morocco)
	Business model 17: Wastewater for greening the desert

	15. Business models beyond cost recovery: Leapfrogging the value chain through aquaculture
	Introduction
	Case – Wastewater for the production of fish feed (Bangladesh)
	Case – A public-private partnership linking wastewater treatment and aquaculture (Ghana)
	Business Model 18: Leapfrogging the value chain through aquaculture

	16. Business models for cost sharing and risk minimization
	Introduction
	Case – Viability gap funding (As Samra, Jordan)
	Business model 19: Enabling private sector investment in large scale wastewater treatment

	17. Business models on rural–urban water trading
	Introduction
	Case – Fixed wastewater-freshwater swap (Mashhad Plain, Iran)
	Case – Flexible wastewater-freshwater swap (Llobregat delta, Spain)
	Business model 20: Inter-sectoral water exchange
	Case – Growing opportunities for Mexico City to tap into the Tula aquifer (Mexico)
	Case – Revival of Amani Doddakere tank (Bangalore, India)
	Business model 21: Cities as their own downstream user (Towards managed aquifer recharge)

	18. Business models for increasing safety in informal wastewater irrigation
	Introduction
	Business model 22: Corporate Social Responsibility (CSR) as driver of change
	Business model 23: Wastewater as a commodity driving change
	Business model 24: Farmers’ innovation capacity as driver of change


	Section V: Enabling Environment and Financing
	19. The enabling environment and finance of resource recovery and reuse
	Frugal innovations for the circular economy: An epilogue

	Index


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0033002e00310029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d002800630029002000320030003100300020005400610079006c006f0072002000260020004600720061006e0063006900730020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




