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CASE

Power from municipal solid waste
at Pune Municipal Corporation
(Pune, Maharashtra, India)

Krishna C. Rao, Binu Parthan and Kamalesh Doshi

Supporting case for Business Model 7

Location: Pune, Maharashtra, India

Waste input type: Municipal solid waste (MSW)

Value offer: Biogas to electricity

Organization type: Public

Status of Biogas plant operational since 2009

organization:

Scale of businesses: Medium

Major partners: Mailhem Engineers Pvt Ltd, Solid Waste
Collection and Handling (SWaCH),
Janwani, Cummins India, MITCON,
Kirloskar and Maharashtra Plastic
Manufacturers Association (MPMA)

Executive summary

The case demonstrates power generation from organic fraction of MSW in Pune Municipal Corporation
(PMC) through generation of biogas. With population of more than 31 million, area of 243 km? and
48 zones, Pune is the seventh largest metropolitan area in India and the second largest in the state
of Maharashtra. The biogas from MSW initiative in Katraj Gaon region in Pune is part of a larger
Zero Waste Electoral Ward Initiative. The biogas plant provides street lighting services for about 4
km long Katraj-Kondhwa road in Pune. The bio-sludge is used as a manure in the 112 municipal
parks and gardens maintained by PMC. The project is with a partnership between PMC; the Solid
Waste Collection and Handling (SWaCH), an NGO, for door-to-door collection of waste and Mailhem
Engineers Pvt Ltd, a waste management technology firm to process the MSW collected to produce
biogas, electricity and bio-sludge. SWaCH has employed waste pickers to collect segregated waste
from households and ensuring it reaches the secondary collection system, while PMC is providing
support in various ways.
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KEY PERFORMANCE INDICATORS (AS OF 2014)
Land use: 0.03 ha

Water requirement: 1.25 m¥day

Capital investment: 180,000 USD

Labor: 4 persons, 3 persons at full-time employment and 1 person at half-time employment
O&M cost: 18,000 USD/year
Output: 300-325 m®¥/day processing 5 tons/day and electricity generation of

144 MWh/year, 180 tons/year of bio-sludge used manure

Potential social and/ Created 4 jobs, processing a significant share of municipal solid waste of

or environmental Pune and providing municipal lighting services; Project also reduces 76.1
impact: tCO,eq of GHG emissions by reducing electricity consumption.

Financial viability Payback Approx. Post-tax 16% Gross 62%
indicators: period: 6 years IRR: margin:

Context and background

The average annual MSW generated in India is 120 kg/capita/year. PMC generates 2,550 tons/day of
MSW, with 40% to 60% organic matter, and hence is useful for generating energy. Most of the cities
in India collect only 60% to 70% of waste actually produced, have insufficient landfill sites and find
it difficult to locate new sites at affordable transportation distances. The composition of MSW varies
greatly from municipality to municipality (country to country) and changes significantly with time. There
is no single approach that can be applied to the management of all waste streams.

The term “digestible wastes” defines organic waste materials which can be easily decomposed by the
anaerobic digestion process. The digestible household waste, such as food and kitchen waste, green
waste, and most paper waste, includes not only waste from households, but also from institutions,
digestible municipal park and garden trimmings, vegetable residues and discarded food from markets
and catering businesses, out-dated food from supermarkets, etc. Not all of this organic waste would
be suitable for anaerobic digestion. Wood and other lignin containing waste materials are typical
examples of organic wastes that are not suitable for anaerobic digestion. PMC is the civic body
responsible for providing waste collection and management service to its residents and has initiated a
number of waste management projects. Katraj Gaon, as part of admin ward of Dhankawadi, is among
the largest electoral wards in terms of area and has population of 15,377 with the blend of high and
low-income and nearly 12,000 commercial establishments. Every day about nine tons of waste is
collected by waste pickers organized as SWaCH. Nearly three tons of wet waste segregated by waste
pickers is sent to biogas plants. Because of the project, the burning and dumping of waste on open
plots and public spaces has also reduced considerably. Dry waste collection has also gone up as a
result of the efforts and a lot more dry waste is now being sold for recycling. A substantial amount of
waste consisting of dry non-saleable and low-value waste and mixed waste, however, still has to be
sent to the landfill.

Market environment

The output of the project is biogas, electricity and sludge slurry. Biogas is a methane-rich gas (45-80%
methane content), which can be used as renewable fuel for direct combustion for heating applications
in commercial and communal kitchens in the city, co-generation (renewable electricity and/or heat
generation) or upgraded to bio-methane (typically>94% CH,) and injected into the gas grid or used
for vehicle fuel. Electricity generated in this way will then be used to power streetlights and water and
sewerage pumps through a distributed generation-based model. Katraj biogas plant is able to light
only 140 street lights which are limited by waste availability. The liquid sludge rich in plant macro and
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micro nutrients can be used as soil improver and as fertilizer for plants, provided that it meets the
strict quality requirements imposed for such application. Its application to land brings humus and
slow-releasing macro and micro nutrients to the soil, contributes to moisture retention and improves
soil structure and texture. Using compost made from recycling, such as organic wastes, is considered
environmentally sustainable.

If a sustainable zero waste system is successfully put to test in such an area, its replicability would
be high. PMC has 144 electoral wards, and in 2012, it had 22 biogas plants in operation. The market
share is relatively small, and the waste management to municipal street lighting is only provided in
one out of 144 electoral wards in Pune. There is a need for more waste management solutions for
Pune including composting. PMC spends a considerable amount of resources on municipal street
lighting and is looking for waste to energy solutions like the Katraj project. The attractiveness of the
opportunity increases with passing time as the waste generation in the city is on the increase as well
as the energy prices. One of the challenges for the waste input is segregation and making sure that
only the organic waste is sent to the biogas plant.

There are also opportunities for similar waste-to-energy solutions for other cities in India. Competition
for this business model is primarily from the energy utilities as the competing product is electricity.
However, following historical trends, it is likely that the electricity tariffs will only increase in the future
making biogas to electricity from MSW even more attractive. The impact of waste prevention and
resource efficiency initiatives is likely to increase in the future, and food waste per capita may well
start to decrease.

Maharashtra has an assessed potential to generate 637 MW from MSW, industrial waste and sewerage
(out of the country’s 3,400 MW potential in the sector). Of this, Maharashtra has achieved just 22.51
MW, and the new grid-connected renewable energy policy, which was approved by the state cabinet
recently, aims at generating another 300 MW from such waste.

Macro-economic environment

As per the rules by Central Pollution Control Board (CPCB), every municipal authority shall be
responsible for collection, storage, segregation, transportation, processing and disposal of MSWs.
Municipal authorities shall adopt suitable technology or combination of such technologies to make
use of wastes so as to minimize burden on landfill. The biodegradable wastes shall be processed by
composting, vermicomposting, anaerobic digestion or any other appropriate biological processing
for stabilization of wastes. Landfilling shall be restricted to non-biodegradable, inert waste and other
waste that are not suitable either for recycling or biological processing. All of the Municipal Corporation,
including PMC, spends a substantial amount of their annual budget on waste collection and
transportation. With the dual objective of catering to the ever-increasing demand for electricity as well
as the promotion of environmentally-friendly renewable energy technologies, the State Government of
Maharashtra had issued guidelines to encourage power generation from MSWs into electricity. Apart
from the pollution it causes, disposal of waste has also become a major problem with the continued
depletion of potential landfill sites. As a result, 52.88 MW proposals in four cities in Maharashtra are
under active consideration through private sector participation using municipal solid waste as raw
material.

The Government of India launched Jawaharlal Nehru National Urban Renewal Mission (JnNURM), a
massive city modernization scheme under which state governments and city municipalities can apply
for funds to improve city infrastructure. Pune is eligible under this scheme and could potentially access
these funds to install the biogas to electricity from MSW at other 143 electoral wards.
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Business model

The business model canvas is from the perspective of the entity managing the biogas plant to generate
electricity. PMC biogas plant in Katraj Gaon has several interlinked value propositions (Figure 81):
production of biogas to generate electricity to provide street lighting services to Katraj-Kondhwa
Road in Pune and organic compost produced from slurry and waste output from the biogas plant for
landscaping of electoral wards within the Pune municipality. The biogas plant contributes to carbon
offset, and therefore there is potential to realize revenue from sales of carbon. Janwani, an initiative
of the Mahratta Chamber of Commerce Industries and Agriculture along with PMC, Cummins India
Ltd, SWaCH Cooperative, Lions Club and Maharashtra Plastic Manufacturers Association is working
towards a common goal and supports the project.

FIGURE 81. MAILHEM-PMC BIOGAS PLANT BUSINESS MODEL CANVAS
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Value chain and position

The value chain consists of waste collection, waste segregation, waste-to-energy conversion and
street lighting (Figure 82). The citizens helped by initial segregation of their waste. The waste is then
collected and further segregated by SWaCH, which has signed a memorandum of understanding with
PMC under which an annual payment is made by PMC for waste management. Each household also
pays a fee to SWaCH on a monthly basis for waste collection. Solid waste other than MSW, i.e. garden
waste, domestic hazardous waste, e-waste, biomedical waste, hazardous waste, construction and
demolition waste, animal carcass, street sweeping, etc. was to be collected by SWaCH for additional
user fees. PMC provided equipment, slum subsidy, push-cart maintenance amount, sorting centre and
admin desk/office space to SWaCH. Post-segregation of waste, members of SWaCH deliver organic
content of the waste collected to the PMC biogas plant, which is linked to electricity generation facility.
This electricity is used to provide street lighting to Katraj-Kondhwa Road of the municipal area and
also as back-up power for the municipal administration building. PMC does not have required skills or
expertise in maintenance of waste-to-energy conversion and municipal street lighting. PMC engaged

FIGURE 82. PMC BIOGAS TO ELECTRICITY VALUE CHAIN
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with Mailhem to install waste-to-energy infrastructure and contracted Mailhem for operation and
maintenance of the biogas digester and electricity generator.

The main challenge was to teach citizens to separate biodegradable and non-biodegradable waste,
because the two kinds of waste are treated differently, and to collect user fees from citizens/waste
generators. Janwani used tools like home visits, announcements from vehicles and street puppet
theatre to deliver its message. A second challenge was to create value from the waste by processing
all organic or wet waste within the ward and by recycling dry waste. Dry trash like plastic, glass and
paper is sold for recycling by the waste-pickers.

Institutional environment

The solid waste management in developing countries has received lesser attention from policymakers
and researchers than other environmental problems, such as air and water pollution. However,
the legal and regulatory framework in India mandates the treatment of solid waste. According to
governmental policies, the organic waste component of MSW has to be bio-digested or composted
and the inorganic portion landfilled. There are a number of other relevant waste management policies
for controlling hazardous waste, plastics, construction and demolition waste, e-waste, battery waste
and MSW. The State Government of Maharashtra has banned the sale and use of plastic bags across
the state since 2006 after the Mumbai floods of 2005.

The Government of India has established JNNURM with an aim to encourage reforms and fast-
track planned development of identified cities. Focus is to be on efficiency in urban infrastructure
and service delivery mechanisms, community participation and accountability of ULBs/parastatal
agencies towards citizens. Assistance under JnNURM is additional central assistance, which would
be provided as grant (100% central grant) to the implementing agencies. The sectors and projects
eligible for JAINURM assistance includes sewerage and solid waste management. The Ministry of New
and Renewable Energy (MNRE) promotes power generation from MSW projects by providing a capital
subsidy for power generation from MSW of USD 0.3 million per MW, with max of USD 1.55 million per
project. Each proposal will be examined and concurred by Integrated Finance Division of the Ministry
on a case-to-case basis. The Maharashtra Electricity Regulatory Commission (MERC) has also been
very proactive in promoting energy generation from renewable energy sources. MERC has been in the
forefront of determining preferential tariffs for renewable energy technologies, with its first tariff order
for non-fossil fuel based co-generation projects issued even before the enactment of Electricity Act
2003.

Technology and processes

Anaerobic digestion is a collection of processes by which micro-organisms breakdown biodegradable
material in the absence of oxygen. The best practice for bio-degradable waste is separation at source,
as they need to be of high quality (i.e. free from physical impurities) in order to ensure stable operation
of the anaerobic digestion process. The chemical and biological pollutants, contaminants, toxins,
pathogens or other physical impurities must also be strictly monitored and limited to allow safe and
beneficial utilization of sludge as fertilizer. Anaerobic digestion can be single stage, multi stage or
batch process. Based on the content of total solids (TS) of the substrate to be digested; the anaerobic
digestion processes can be low solids (LS), containing less than 10% TS; medium solids (MS),
containing about 15-20% TS and high solids (HS), ranging between 22-40% TS (Verma, 2002). The
industrial process takes places in a specially designed digester tank, which is part of a biogas plant.

The technology employed for anaerobic digestion is modified up-flow anaerobic sludge blanket. The
technology is proven and is used in waste management systems around the world (Figure 83).
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FIGURE 83. PROCESS DIAGRAM OF MAILHEM-PMC BIOGAS PLANT
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Maintenance of the sludge blanket is an important factor in the efficient operation of the reactors. The
biogas produced is combusted in gas engine coupled to an electrical generator to produce electricity
for street lighting. The operation of the technology requires segregated MSW with only the organic
portion with 80% moisture. Therefore, segregation of MSW is an important aspect, and the technology
may not work properly when the input biomass deviates from the specifications.

The technologies - the biogas digester and electricity generator — are locally available and components
that need replacement can be fabricated locally. The operation and maintenance of the plant is managed
by Pune-based Mailhem, and the technicians employed have been trained and supervised also by
Mailhem. The intellectual property rights for the specific digester construction and commissioning lies
with Mailhem.

Funding and financial outlook

The operations of biogas plant at Katraj Gaon electoral ward in Pune started in 2009. The land and
building costs were covered by the municipality at an existing facility. Investment was towards plant
and machinery cost which was USD 180,000 with PMC financing the entire investment (Table 24).
on financials. The annual operation and maintenance cost incurred is about 18,000 USD/year. PMC
has a contract with SWaCH to deliver organic waste from MSW, and as a part of providing waste
management service to households it pays an agreed amount. There is no additional amount given
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TABLE 24. MAILHEM PMC BIOGAS PLANT FINANCIALS

Key capital Costs Land building No costs (uses PMCs own land)
Plant and machinery and civil costs 180,000 USD

Operating costs MSW costs No costs
Operation and maintenance 18,000 USD/year

Financing Options Equity from PMC 180,000 USD

Revenue Savings from electricity About 15,840 USD/year
Savings on manpower About 21,000 USD/year

and transportation

Savings on manure About 10,800 USD/year

to SWaCH for supplying organic waste to the plant. Therefore, no cost is considered for MSW input.
In Katraj, Cummins India gave USD 45,000 to Janwani and offered 3,000 employees as volunteers,
helping Janwani to create awareness. PMC biogas has indirect revenue sources in the form of savings
from electricity and fertilizer. Based on these savings, PMC biogas plant has a payback period of 19
years on its investment with an internal rate of return of 2%. PMC can generate revenue from annual
carbon sales. It offsets 76.1 tCO,eq per year.

Socio-economic, health and environmental impact

Poor solid waste management is a threat to public health and causes a range of external costs.
Mixed wastes from municipalities are often landfilled. Landfill deposits pose the risk of uncontrolled
air, soil and water pollution. Left to degrade naturally in landfill sites, organic wastes from households
and municipalities have very high methane production potential; thus, have a negative impact on the
environment. Methane has a very high global-warming potential. Over a period of 100 years, each
molecule of methane (CH,) has a direct global warming potential which is 25 times higher than that of a
molecule of carbon dioxide (CO,). Anaerobic digestion can save up to 1,451 kg CO,/t of waste treated
compared to 1,190 kg CO,/t in the case of composting. Source separation helps divert organic wastes
from landfill, thus reducing the overall emissions of greenhouse gases and the negative environmental
and health effects related to these waste disposal methods. In order to decrease the environmental
and health effects associated with landfilling, waste management is nowadays moving away from
disposal and towards waste prevention, reuse, recycling and energy recovery.

PMC biogas plant has a positive impact on socio-economic, health and environment for the region. It
provides full-time employment to three people and part-time employment to one person. The waste
collection and street lighting efforts have resulted in residents of Katraj electoral ward getting waste
management as well as street lighting services. The waste picking members of SWaCH have increased
their daily earnings and has improved their social and economic stature. The plant effectively manages
municipal solid waste generated within the Katraj Gaon ward which is one of the biggest divisions
in Pune, therefore providing environmental benefits as well as health benefits from proper waste
management. The project also displaces electricity for street lighting in Katraj-Kondhwa Road and
displaces 144 MWh/year of electricity purchases by PMC otherwise. It also mitigates 76.1 tCO,eq/year
of GHG as a result of the avoided electricity consumption.

Scalability and replicability considerations

The key drivers for the success of this business are:

e Partnerships with SWaCH/NGO to deliver segregated organic waste to the plant.
e Technology partnership for operation and maintenance of the plant.
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e Demand for end products — electricity and compost are internal and hence no significant
competition risks.

e Government policy toward renewable energy.

¢ Rising electricity tariffs.

If the Katraj zero-garbage model proves itself, Janwani plans to set up a biogas plant in every ward.
The potential for replication is high within the PMC and also in other metropolitan areas in India. The
increasing quantities of MSW generation and rising electricity tariffs are likely to make replication
opportunities further attractive.

Summary assessment — SWOT analysis

The key strength of the business model is its arrangement to secure reliable supply of organic solid
waste for the biogas plant and the operation owned by a large urban body that can easily finance
such investments (Figure 84). The business can be easily replicated. With an ever-increasing volume
of household waste generated, the business has a high opportunity for replication to other areas of a
city and to other cities in India. The weaknesses stem from its low rate of financial returns as the key

FIGURE 84. MAILHEM-PMC BIOGAS PLANT SWOT ANALYSIS
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revenue is from electricity savings, which is a relatively small amount in comparison to the amount
investment. Therefore, investment does not look financially attractive.

The success of the project requires increased public awareness and active commitment and
participation of citizens in local collection schemes. Some of the other constraints are non-availability
of suitable land, lack of technical awareness of citizens with respect to waste processing technologies,
inadequate waste pickers and manpower with the municipal corporation for implementation and
compliance verification with MSW rules. The business model faces significant threat from any changes
in composition and volume of input waste.

Contributors
Mailhem Engineers Pvt Ltd
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business operations are dynamic, data can be subject to change.

ENERGY RECOVERY FROM ORGANIC WASTE

SECTION II:



	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




