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CHAPTER 5. RENEWABLE POWER GENERATION

S
E

C
T

IO
N

 I
I:

 E
N

E
R

G
Y

 R
E

C
O

V
E

R
Y

 F
R

O
M

 O
R

G
A

N
IC

 W
A

S
T

E
152

CASE

Power from manure and agro-waste for 
rural electrification (Santa Rosillo, Peru)

Patrick Watson and Krishna C. Rao

Supporting case for Business Model 5

Location: Santa Rosillo, San Martin, Peru 

Waste input type: Livestock waste and other agro-waste

Value offer: Biogas, manure and slurry, electricity 
efficient waste and water management, 
climate change mitigation and adaptation,
Economic development through 
renewable Energy
Increase of local food production, 
and added income streams

Organization type: Public and non-government organization

Status of 
organization:

Owned by Municipality of Huimbayoc, 
Operational since 2010; plant managed 
by the community including its O&M

Scale of businesses: Small electricity generation plant of 16 
kW supplying power to 42 families

Major partners: Comercial Industrial Delta SA (CIDELSA), 
SNV, Regional Government of San 
Martin, Cordaid, Fact, Practical Action

Executive summary
Santa Rosillo, a rural community in the deep jungle of the Peruvian Amazon in northern Peru, is more 
than 16 to 21 hours away from the nearest city, Tarapoto, and is only accessible by boat and on foot. 
Santa Rosillo consists of 42 households (220 people) who have an average monthly income ranging 
between USD 23 and USD 47. Due to the extreme remoteness of the village, prior to this project, 
most of the community did not have access to electricity and relied on candles, batteries and lighters 
for domestic lighting. Approximately 12% of the population had access to electricity through private 
diesel generators.

In 2010, SNV Netherlands Development Organisation (SNV), a non-profit international development 
organization, in partnership with the regional government initiated a rural electrification project to 
install two bio-digesters in the village linked to a power generator and mini-grid to provide electricity to 
the community. The community’s primary economic activity is livestock and agriculture (cocoa), and all 
organic waste is fed into the two bio-digesters. The biogas generated is fed into the electricity generator 
and electricity is distributed to each house. The installed electrical capacity is 16 kW which provides 
electricity to 42 houses, the local doctor’s office, the local college and public lighting for approximately 
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5.3 hours per day. Approximately 60% of the slurry by-product produced by the bio-digesters is then 
used as fertilizer to improve the soil quality of the communal grazing area, while the remaining 40% 
is sold to local farmers. Comercial Industrial Delta SA (CIDELSA), a Peruvian engineering company, 
supplied the two lagoon bio-digesters for the project.

KEY PERFORMANCE INDICATORS (AS OF 2013)

Land use: 3,000 m2 (including community grazing area for animals)

Water 50,000 L/year 

Capital investment: USD 130,519

Labor: 1 x system operator / administrator (full-time)

O&M cost: USD 0.57 per kWh (total levelized cost of electricity over a life of 20 years)

Output: 16 kW for 5.3 hours/day, supplying 85 kWh/day of electricity, 
Biol (solid fertilizer) and Biosol (liquid fertilizer)

Potential social and/
or environmental 
impact:

42 households now have access to electricity; it has reduced the environmental 
pollution from manure and improved livelihood of remote community

Financial viability 
indicators:

Payback 
period:

N.A. Post-tax 
IRR:

N.A. Gross 
margin:

N.A.

Context and background
The Santa Rosillo community is located in the district of Huimbayoc, 190 km from the city of Tarapoto 
in northern Peru. The community’s main activities are agriculture, livestock and forestry, all of which 
generate organic waste, which was not being utilized prior to this project. Because of its remote 
location, the community is not connected to the national energy grid and had very limited access to 
gas or electricity, leaving its 42 families reliant on diesel generators or candles for power and lighting. 
In 2010, SNV in alliance with Practical Action and local partners commissioned the installation of 
two bio-digesters by CIDELSA, a company with over 10 years of experience building and installing 
bio-digesters. The project in Santa Rosillo was the pilot installation for SNV’s rural electrification 
program, “BIOSINERGÍA: Access to energy with biofuels in the Peruvian Amazon.” The National 
Public Investment System, a government investment initiative, funded the grid connecting the power 
generators to the village whilst the foundations CORDAID and FACT funded the installation and 
equipment costs for the power generators.

Market environment
Prior to the installation of the bio-digesters, only 12% of the population had access to electricity, 
generated through private generators and solar panels. Average usage was 2.5 hrs/day and the 
monthly cost ranged from USD 9.6 to over USD 465 per household/family. The families with higher 
costs were those that had small businesses such as a restaurant or furniture shop. The remaining 
88% used battery-powered lights and candles for lighting. This project provides electricity to 100% of 
the community of Santa Rosillo. One of the principal advantages of this project is the anticipated low 
cost of electricity compared to other available forms of rural electrification. Each family is undergoing 
a grace period until January 2013, at which point a flat rate of USD 6 (average cost prior to project) 
will be charged until an exact wattage consumption has been determined. The final cost will be 
determined by demand, operational and maintenance costs, in addition to the population’s ability to 
pay (approximately USD 6/month).
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In Santa Rosillo, the cattle alone produce approximately 300 kg of manure daily that is now used as 
fuel rather than contaminating the local waterways. If this project proves successful it is intended that 
it will be rolled out to other rural communities throughout Peru.

Business model
The project has two key value propositions: providing electricity service to houses and businesses 
and providing fertilizer to farmers in Santa Rosillo (Figure 51). The municipality, donor agency and 
local organization played a key role in mobilizing the community and financial resource to establish 
electricity service provision. Since the project results in carbon offset, there is potential for generating 
revenue from sales of carbon.

COST STRUCTURE

 Investment cost (Land, building, machines)

 Operational cost (raw material, labor, maintenance  
cost) 

REVENUE STREAMS

 Sale of electricity to households/business

 Sales of fertilizer/slurry

SOCIAL & ENVIRONMENTAL COSTS

 Potential leakage of CH4 from bio-digesters

SOCIAL & ENVIRONMENTAL BENEFITS

 Jobs creation

 Environmental benefit through reduced CO2 emissions 
by generating electricity from renewable source

 Better local environmental condition by improving quality 
of water and reducing soil pollution and foul doors

 Reduced GHG emission (CH4) and 
climate change mitigation

KEY 
PARTNERS

 Municipality of 
Huimbayoc

 SNV

 CIDELSA

 Regional 
Government 
of San Martin

 Cordaid, Fact 
and Practical 
Action

KEY 
ACTIVITIES

 Agreement with 
relevant partners

 Community 
mobilization

 O&M of the 
biogas unit

 Sale of electricity 
and fertilizer

 Organic waste 
collection

VALUE 
PROPOSITIONS

 Providing low-
cost electricity 
service to houses 
and businesses 
in Santa Rosillo 
from livestock 
and agriculture 
waste

 Produce high 
quality solid/
liquid fertilizer

CUSTOMER 
RELATIONSHIPS

 Interaction with 
community 
through a local 
a subsidiary 
that manages 
the operation 
of the unit

CUSTOMER 
SEGMENTS

 Households and 
businesses

 Farmers 

KEY 
RESOURCES

 Land

 Capital

 Labor

 Organic waste

CHANNELS

 Through 
appropriate 
agreement and 
self-interaction

 Direct sale of 
bio-fertilizer

FIGURE 51. SANTA ROSILLO RURAL ELECTRIFICATION BUSINESS MODEL CANVAS
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Value chain and position
Santa Rosillo’s two bio-digesters are fuelled by the waste produced by the community’s cattle 
(approximately 60), which are kept in a partial barn. Cattle spend 12 hrs/day in a communal pen, 
and two members of the community are responsible for collecting excrement once daily. Each cow 
produces approximately 5 kg of manure per day, yielding a total of 300 kg, which is loaded into the 
bio-digesters on a bi-weekly basis. 

The project is designed as a cooperative structure to provide energy service at a cost lower than the 
possible alternatives. Figure 52 displays the overall management structure. The following describes 
the role of key actors in the process:

Communal Energy Services Unit (USEC): The USEC team, made up of two people from the 
community, is responsible for operating and maintaining the system on a daily basis in direct and 
constant contact with both users and community authorities.

COMMUNAL ENERGY SERVICES UNIT 
(USEC) -  OPERATIONS, 

MANAGEMENT AND MAINTENANCE

OVERSIGHT AND 
SUPPORT UNIT

REPLACEMENT 
FUNDUSERS

MUNICIPALITY 
OF HUIMBAYOC

 Fees from users
 USEC rep. on management
 Covers maintenance and 

operations cost

Monitors
regulatory

compliance

User rep. on 
management

Supervises 
USEC activities

Membership of 
community 

leaders

 Hire USEC staff
 Agent on management 

of replacement fund

Providing 
electricity service $

FIGURE 52. SANTA ROSILLO RURAL ELECTRIFICATION VALUE CHAIN

Note: RF = replacement fund; USEC = Communal Energy Services Unit.
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Municipality of Huimbayoc: The municipality owns the power generation and distribution system 
and hires USEC to maintain and operate it. The municipality voluntarily undertakes equipment 
inspection and maintenance checks alongside USEC and subsidizes the maintenance costs that 
cannot be covered by revenues from the system.
Oversight and Support Unit: Comprised primarily of community leaders; this unit is responsible for 
monitoring USEC and user compliance.
Users: The community members of Santa Rosillo, who will pay a monthly fee for electricity used, 
once established. Each user will have electricity meter installed in their homes and sign an electricity 
supply contract.

Income generated from service fees will be used to create a revolving fund designed to cover 
operational, management and maintenance costs. The revolving fund will be managed by three people 
from the USEC, a user representative and a municipal agent.

Institutional environment
Electricity access in rural Peru is challenging because of the mountainous terrain and scattered 
settlements. Low energy consumption and limited purchasing power per household add to the 
challenge. Investors are therefore not attracted to these projects unless the state provides the right 
financial incentives and other necessary requirements. Renewable energy is a largely unexploited 
market in Peru and small-scale renewable energy (biogas, biofuels, small-hydro and solar energy) 
provides less than 1% of national energy supply. 

In 2008, the Peruvian government passed a legislative decree to promote inclusion of renewable 
energy, which includes biogas. This has helped renewable energy production growth exponentially. The 
government of Peru projects renewable energy to provide 7% of the national energy supply by 2017. 
The Ministry of Energy and Mines and its General Directorate of Rural Electrification (MINEM-DGER) 
have 437 rural electrification projects clustered into 35 groups. The total investment is estimated at 
USD 418 million and will benefit 1.2 million people (Mitigation Momentum, 2015). Additionally, DGER 
is implementing 16 other special projects which will benefit 150,000 people; approximately USD 140 
million will be invested.

The government of Peru has identified rural development, environmental protection and energy security 
as national priorities. They have developed a legal and regulatory framework that promotes competition 
and investment in the sector and, more recently, have successfully developed mechanisms to promote 
the use of our vast renewable energy resources. The 2013–2022 National Rural Electrification Plan 
produced by MINEM, in concordance with an Energy Universal Access Plan, establishes a policy 
for the sector with the aim is to raise the rural electrification rate from 87% to 95% by 2016. The 
national electrification rate has increased from 55% in 1993 to 87.2% in 2012. The National Rural 
Electrification Plan 2013–2022 provides strategic direction to provide access to electricity to 6.2 million 
people in the next 10 years. Peru is undertaking efforts to increase access to energy via auctions for 
solar photovoltaic systems, grid extension, mini-grids with hydro, solar and wind. The Law for the 
Promotion of Investment in Renewable Energy Generation3 grants competitive advantages to projects 
for renewables.

The following policies have been established to address these issues:
Use of renewable energy in electricity generation (2008), amended 2011: The government is 
promoting the use of renewable energy resources by providing tax concessions to qualifying 
projects, e.g. biomass, wind, solar, geothermal, tidal and hydropower.
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Non-conventional renewable energy resources in rural areas (2005): This law provides additional 
tax concessions to qualifying projects that promote the use of non-conventional renewable energy 
in rural communities.

Investment in electricity generation using water and other renewable resources (2008): In order 
to incentivize the investment in a renewable energy infrastructure, all renewable energy projects 
benefit from accelerated depreciation for tax purposes.

Technology and processes
The two bio-digesters, each with a 75 m3 capacity, produce biogas for electricity (16 kW), and bio-
fertilizer. Figures 53 and 54 depict bio-digesters and the power generation system, which in turn is 
connected to a micro power grid, extending electricity to each family.

The amount of biogas generated will depend on the quality of cow manure collected, as a rough 
estimate 1 kg of cow manure will generate about 40 L of biogas. 

Despite popular belief, the amount of waste going in the digester is almost equal to the amount 
coming out. However, the quality of the waste is altered for the better (less odor, better fertilizer, 
organic load reduced, less polluting). Waste coming out of the digester can be separated (solid/liquid): 
the solid part can be composted (Biol) and the liquid part can be used as liquid fertilizer (Biosol) or can 
be treated further and disposed.

Funding and financial outlook
The total project cost of USD 130,519 was funded as grant through a public-private partnership 
between the Regional Government of San Martin (GRSM) (30%), FACT and CORDAID (68%), in 
addition to each beneficiary family contributing USD 59 (2%) (Table 17).

CORRAL

WATER TANK BIODIGESTERS

MIX WELL

POWER HOUSE

BIOL POOL

FIGURE 53. SANTA ROSILLO RURAL ELECTRIFICATION GRAPHIC

Source: Veen, 2014; modified.
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Each family was given a grace period until January 2013, at which point a flat rate of USD 6 (average 
cost prior to project) will be charged until exact wattage consumption has been determined. The final 
cost will be determined by demand, operational and maintenance costs, in addition to the population’s 
ability to pay (approximately USD 6/month). In this case, the electricity generator is created to meet a 
need in the community, which pays for the service. In turn, these revenues allow the proper operation 

ORGANIC
FERTILIZER MARKET /

COMMUNITY USE

MANURE CROPS

AGRICULTURAL 
PRODUCTION

AGRICULTURAL 
WASTE

BIODIGESTERS

BIOL BIOGAS

LOCAL MARKET /
PERSONAL USEELECTRICITY

MICRO POWER GRID

USER

GENERATOR

FIGURE 54. SANTA ROSILLO RURAL ELECTRIFICATION TECHNOLOGY AND PROCESS 

TABLE 17. INVESTMENT SOURCE AND AMOUNT

ITEM AMOUNT (USD)

Regional Government of San Martin 39,285

FACT & CORDAID 88,305

Beneficiary (USD 59/household) 2,930

Source: Veen, 2014; modified.
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and maintenance of the company, so the service becomes sustainable over time. The sale of slurry will 
provide an additional income stream.

The following assumptions were built into the financial projections (Table 18):
Total generating capacity of 619,040 kWh over a 20-year life, slowly ramping up to full capacity 
over the first 10 years. The generating capacity of the bio-digesters is 16 kW whereas the demand 
of the community is 13 kW. 
Demand for electricity will grow at a continual pace of 2.5% annually, primarily driven by population 
growth. Demand is expected to be approximately 17 kW by 2022, slightly higher than the capacity 
of the two bio-digesters (16 kW). 
Service fees are based on estimated operational and maintenance costs for equipment repairs, 
replacement parts and servicing. Total estimated costs are USD 3,516 in Year 1, reaching USD 
5,621 by Year 20. This assumes a growth rate of 2.5% in line with demand. 
The bio-digesters can produce roughly 1,041 L of slurry per day which, with a potential sales value 
of USD 0.05/L, will generate a monthly income of approximately USD 1,500. It is estimated that 
only 40% of the generated slurry will be sold, helping to cover O&M costs that are not covered by 
the monthly fee income.

Socio-economic, health and environmental impact
The project benefits the Santa Rosillo community, its approximately 50 families. More than 220 people 
now have access to electricity, allowing them to improve their living conditions. Children now have 
more hours of light to do homework, enhancing the learning process. There are improved teaching 
conditions in schools, enabling the use of computers. The slurry (effluent from bio-digesters) can be 
used to enhance crop yields, further improving family incomes. There will also be a reduced likelihood 
of domestic accidents from the use of candles and better illumination in the house, as well as improved 
conditions in the community health centre, including the ability to now refrigerate drugs and vaccines. 

By extracting methane out of waste and using it to produce heat and/or electricity, we ensure that 
the waste will not degrade in an open environment, therefore reducing direct methane atmospheric 

TABLE 18. SANTA ROSILLO FINANCIALS

PROJECT FINANCIAL SUMMARY

USD YR0 YR1 YR2 YR3

Investment

GRSM (39,284.56)

FACT & CORDAID (88,304.84)

Community investment 
(~USD 59 per family)

(2,929.69)

(+) Income 11,198.21 11,286.10 11,376.18

Annual usage income (50 families) 3,515.63 3,603.52 3,693.60

Growth rate 2.5% 2.5%

Sale of Slurry (41% total production) 7,682.58 7,682.58 7,682.58

(–) Costs (11,263.17) (11,263.17) (11,263.17)

Operational / Maintenance (11,263.17) (11,263.17) (11,263.17)

Cashflow (130,519.09) (64.96) 22.93 113.01

Source: Authors.
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emissions. By managing and reusing the livestock excrement, the project has substantially reduced 
pollution of the local rivers and lakes. Moreover, the energy provided by the biogas is likely to displace 
fossil fuel which is the main contributor to GHG emissions. By installing a digester the farmer can 
profit from the biogas by reducing doors and enhancing the fertilizing value of the manure. The project 
requires less area than aerobic compost, reduces the volume and weight of landfills, produces a 
sanitized compost and nutrient rich liquid fertilizers, maximizes the benefits of recycling and in the 
process improves the air quality through improved odor and reducing groundwater contamination.

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

Strong financial support from municipality, donors and local agencies.
Strong community participation.
Simple low-cost model.
Ease of available animal and agro-waste.

The community of Santa Rosillo is the representative of a large number of rural Amazonian villages 
within Peru and in other countries with similar conditions that are not connected to the electric grid or 
other natural resources (e.g. sun or strong water current for solar or hydro power) required for alternative 
micro-power solutions, but that have high volumes of unused organic waste (e.g. from agriculture or 
livestock). According to the Peruvian national Census (2007), there are 2.2 million households in rural 
areas, 36% of which do not have access to the national grid equating to approximately 800,000 
households. Many such communities are heavily reliant on cattle and other livestock that produce 
significant waste, which traditionally causes on-going water pollution and land degradation.

Summary assessment – SWOT analysis
The key strength of the project is its low-cost alternative electricity solution for a remote region and a 
proven technology that can readily use abundant available waste source (Figure 55). The weakness of 
the project is its inconsistency in provision of reliable electricity and in addition if the community size 
grows and when the demand for electricity increases, the electricity generated will not be sufficient to 
meet new higher demand.

The key threat to the project is from the remoteness of the site. In the event of system failure, due to 
lack of local technical know-how and available skill, time taken to repair the unit will be longer. This 
can result in the community losing faith in the overall project. However, based on the success of Santa 
Rosillo’s electrification project, it has very high potential for replication and it can help the Peruvian 
government define policies to ease the replication of the business with minimum obstacles.

Contributors
Carlos Fernandez, I-DEV International
Cinthya Pajares, I-DEV International
Kamalesh Doshi, Simplify Energy Solutions LLC, Ashburn, Virginia, USA
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STRENGTHS

 Simple and cost-effective example of public-
private partnership that can be applied in 
numerous geographies and communities 

 Provides a relatively low-cost alternative 
for electricity to communities that 
cannot gain access to the grid 
because of their remote location

 Uses an abundant waste source 
to generate off-grid power

 Utilizes very simple technology, easy to operate 
without significant prior technical knowledge

 Limited/low operational and 
maintenance requirements 

 The production of fertilizer and gas is not heavily 
dependent on the type of excrement/waste used 

WEAKNESSES

 Low cost to users is highly dependent on sale of 
slurry, which is anticipated to provide a subsidy

 Power from bio-digesters is inconsistent. 
The continuous supply of service requires 
complex infrastructure, unavailable waste 
volumes and costs that would exceed income

 Total energy capacity of 16 kWh may 
not be adequate if the community grows 
at a higher-than-anticipated rate

 High upfront cost may be a barrier to entry 
for some smaller communities/governments

 Payback period highly dependent 
on ability to sell fertilizer
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OPPORTUNITIES

 Highly replicable model in Peru, and in 
other countries and communities with 
similar dynamics (estimated 800,000 
applicable households in Peru alone)

 Peruvian national policy promotes and provides 
substantial tax incentives to communities 
and governments seeking to partner on 
similar rural electrification strategies.

 Potential involvement of microfinance 
organizations to aid funding of 
the bio-digester roll-out 

 Government of Peru promotes renewable energy
 High value bio-fertilizer for additional revenue
 High quality renewable fuel, biogas has 

several proven end-use applications
 Positive environmental impact 
 Climate change mitigation and adaptation

THREATS

 Remote location of project combined with lack 
of local technical knowhow could lead to under 
maintenance of and hence failure of the system.

 Potential competition from large 
bio-fertilizer companies

 Possible risk from leakage of gas thus 
having negative perception of health risk to 
employees may force O&M costs higher

 FIGURE 55. SANTA ROSILLO RURAL ELECTRIFICATION SWOT ANALYSIS

that can 
raphies and co

tively low-cost
o commu
cess to the grid

mote locatio
nt waste sourc

f-grid power
mple technolo W

p p
from bio-digesters is inconsisten
tinuous supply of service requ
infrastructure, unavailable w
and costs that would excee
gy capacity of 16 kWh ma
quate if the community g

han-anticipated rate
cost may be a barrie

O
olds in Pe

onal policy promote
tax incentives to comm

nments seeking to partne
al electrification strategies
nvolvement of microfinan
ns to aid funding of 
ster roll-out 

Peru promotes T
p g
ompanies
rom leakage of gas

ceptio
e O&M

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




