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CASE

Power from swine manure for industry’s 
internal use (Sadia, Concordia, Brazil)

Heiko Gebauer and Solomie Gebrezgabher

Supporting case for Business Model 5

Location: Concórdia, Brazil

Waste input type: Swine manure

Value offer: Energy (Biogas to electricity and thermal 
energy) carbon credit and bio-fertilizer

Organization type: Private

Status of 
organization:

Operational since 2003

Scale of businesses: Large   

Major partners: Swine farmers, Brazilian Development Bank 
(Amazon Fund), United Nations (Carbon 
market), Bio-digester vendors, Espírito Santo 
University (for measurements of biogas)

Executive summary
Sadia is one of the world’s leading producers of chilled and frozen foods with approximately 10,000 
integrated poultry and pork farms, which supply raw material to its industrial plants. In order to abate 
the environmental impacts associated with its swine production farms and to institute sustainability 
into the pork meat supply chain, Sadia designed and implemented the Program for Sustainable Swine 
Production (3S Program) in 2003. The 3S Program provides swine producers with bio-digesters and is 
designed to reduce GHG emissions from the more than 3,500 swine producers in Sadia’s supply chain 
and to qualify the emission reductions as a Clean Development Mechanism (CDM) project. Sadia 
installs the bio-digesters on its swine producers on a B&T (Build and Transfer) basis. The program 
seeks to bring sustainability to the company’s supply chain by providing additional revenue from 
carbon credits and better working conditions for swine producers, while reducing the environmental 
impact associated with swine production. The biogas generated at the swine farms is used on-site and 
thus significantly saving operational costs for the swine farms. The program contributes to improving 
the local environmental condition by improving quality of water and reducing soil pollution and foul 
odors. Moreover, the 3S Program is expected to help disseminate environmental education among 
swine producers and the surrounding community. Through the design and implementation of the 3S 
Program, Sadia has incorporated environmental sustainability into its revenue design.
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163CASE: POWER FROM SWINE MANURE FOR INTERNAL USE

KEY PERFORMANCE INDICATORS (AS OF 2012)

Land: The bio-digesters installed at the individual swine farms

Capital investments: For the whole 3S Program USD 28 million

Labor: Provided by the individual swine farms

O&M cost: Provided by the individual swine farms

Output: Biogas for onsite use; In 2006 290,000 tons of CO2-eq carbon 
credit sold and 2.5 million tons CO2-eq under agreement

Potential social and/or 
environmental impact:

CO2 offset, improved working conditions of swine farms, 
improvement in local environmental condition, improvements in 
water quality and reduction of soil pollution and foul doors.

Financial viability 
indicators

Payback 
period:

5 to 10 
years* 

Post-tax 
IRR:

N.A. Gross 
margin:

N.A.

*Depending on the value of Certified Emissions Reductions Certificates (CERCs)

Context and background
Sadia, established in 1944, is one of the world’s leading producers of chilled and frozen foods in 
Brazil. It is one of the country’s main exporters of meat-based products. As of 2008, Sadia had about 
20 industrial plants that together produced over 2.3 million tons of food, including chicken, turkey, 
pork and beef, pasta, margarine, desserts and other products. Recognizing the increasing influence 
of social and environmental issues associated with swine production systems in its supply chain, 
Sadia designed and implemented the 3S Program in 2003. Developed and managed by the Sadia 
Sustainability Institute, the 3S Program seeks to institute sustainability into the pork meat supply chain 
by improving animal waste management while providing additional revenue to individual farmers from 
carbon credits. 

The 3S Program provides more than 3,500 swine producers with bio-digesters and is designed to 
reduce GHG emissions from the swine producers and to qualify the emission reductions as a CDM 
project. With the program, at least three million litres of swine excrement will be processed daily, a 
volume equal to 5% of the total swine waste volume produced in Brazil. The voluntary program began 
at three of Sadia’s own swine farms, functioning as prototypes to be extended to its outsourced 
producers.

Market environment
A significant number of swine facilities in Sadia’s chain did not have an environmental permit. 
Environmental licenses were expensive and not all farmers were aware of their importance or how to 
obtain them. Most of the manure produced was disposed in groundwater, streams and rivers without 
adequate treatment, and as a result, nearby communities were affected by water and soil pollution, as 
well as by the unpleasant odor. Through the implementation of bio-digesters under the 3S Program, 
swine farmers are able to manage and treat swine manure and reduce GHG emissions. Swine farmers 
have the opportunity to diversify their income generating activities and increase their farm profits 
through revenues from selling carbon credits and from reduced energy costs as gases captured from 
the bio-digester are used by the farms. By reducing costs and creating the possibility for diversifying 
income sources, Sadia hopes to encourage the small producers to stay in the business. 

Sadia expected that about 50% of the producers would want to participate in the 3S Program. By 
early 2007, 96% had signed a contract indicating willingness to participate in the program. The other 
4% were large swine farms that are already prepared or were preparing to individually operate in 
the carbon credit market. The program is implemented in 30% of facilities. In May 2006, Sadia and 
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the Sadia Institute sold the first carbon credits generated by the 3S Program. Sadia sold 290,000 
tons from its own farms of which 50,000 tons were sold at 11 €/ton, and the rest were based on the 
European Allowance Market Index. The European Carbon Fund also bought approximately 2.5 million 
tons of carbon from the institute to be sequestrated by the swine farms.

Macro-economic environment
Brazil is one of the major producers and exporters of pork accounting for 10% of the world  
pork production and exports with annual sales of over USD 1 billion. However, the intensive swine 
production industry resulted in significant environmental impact as a result of the higher amounts of 

KEY 
PARTNERS

 Swine farmers

 Brazilian 
Development 
Bank

 Equipment 
suppliers (Sansuy 
and Avesuy)

 Espírito Santo 
University

 Government

 Data 
management 
partner

 Carbon investors

KEY 
ACTIVITIES

 Installation of 
bio-digester 
by Sadia on a 
BOT basis

 Managing CDM 
process and 
obtain emission 
reduction credit

 Financial 
management 
for supply chain 
actors regarding 
credits, digesters 
payments

 Installation of 
data acquisition 
system at 
individual 
farms and data 
management

 Improved 
instrumentation 
to efficiently 
measure carbon 
sequestration

VALUE 
PROPOSITIONS

 Cost recovery 
from reduced 
energy cost and 
earning from 
carbon credit 
trading while 
ensuring better 
management of 
swine manure 
in accordance 
with regulations

 Tradable carbon 
credits to meet 
carbon emission 
reduction 
commitments

CUSTOMER 
RELATIONSHIPS

 Direct interaction 
and partnership 
arrangements 
field technicians

 Interaction with 
carbon trading 
companies 
and Brazilian 
Development 
Bank

CUSTOMER 
SEGMENTS

 Swine farmers

 Carbon trading 
companies 
of Annex 1 
countries as per 
Kyoto protocol

KEY 
RESOURCES

 Bio-digesters

 Equipment to 
measure gas 
emission

 Technical 
know-how

 Supplier loyalty

 Financial 
management 
expertise

CHANNELS

 Personal

 Emission trading 
scheme/platform

 Long-term 
contract 
arrangements

FIGURE 56. SADIA BUSINESS MODEL CANVAS
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165CASE: POWER FROM SWINE MANURE FOR INTERNAL USE

waste generated in these operations. Swine manure has the potential to impact soil, air and water 
resources requiring proper management, treatment and disposal. 

In a mechanism of the Kyoto Protocol, projects in developing countries that mitigate GHG emissions 
can apply for certificates of emission reduction, most commonly known as carbon credits. These are 
certificates emitted by an internationally recognized institution, e.g. the UNFCCC, which attests that  
a certain amount of GHG (usually measured as a ton of CO2) has been mitigated. Once obtained, these 
certificates can be traded on the market and exchanged for money. The sale of carbon credits could 
be enough, according to Sadia’s studies, to cover the cost of the bio-digesters. However, applying for 
the certificates was a rather difficult and expensive process. Brazil has a target to reduce its overall 
GHG emissions by 36.1% to 38.9% below 1990 levels in 2020. Brazil has been leading in terms of the 
numbers of CDM project activities after China and India.

Business model
Sadia installs the bio-digesters at its swine producers on a Build and Transfer basis (Figure 56). The 
participation of swine producers in the program is voluntary. One of the success factors of implementing 
the 3S Program is the fact that Sadia Institute was able to obtain funds from the Brazilian Development 
Bank, thus enabling small and medium swine producers to take part in the program. This is a good 
example of innovative financing mechanism in the waste reuse business. The financing arrangement 
is that Sadia Institute owns all the equipment installed in the farmers’ facilities for the purpose of the 
3S Program and is responsible for managing the CDM benefits. The institute trades carbon credits 
on the carbon trading market. The amount obtained is then shared with farmers, according to each 
potential emission reduction, after deduction of the investment made in the bio-digesters and in the 
program implementation and operation costs. In approximately five years, when the farmers finish 

COST STRUCTURE

 Investment costs (engineering, construction, 
equipment, commissioning) – covered by Sadia 

 Costs for training farmers – covered by Sadia

 Operational and data management costs (labor 
and maintenance cost) – covered by the farmers

 Maintenance costs – covered from carbon credit

 Savings from energy displacement, both 
electricity as well as diesel-benefit to farmers 

REVENUE STREAMS

 Sales of carbon credit

SOCIAL & ENVIRONMENTAL COSTS

 Potential leakage of CH4 from bio-digesters

SOCIAL & ENVIRONMENTAL BENEFITS

 Improved social and economic 
sustainability of swine farms

 Improved animal waste management 
system and better working conditions

 Reduced GHG emission (CH4) and 
climate change mitigation

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

 Dissemination of environmental education among 
swine producers and the surrounding community
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paying the Institute for it, the bio-digesters and all related equipment will change hands and be owned 
by the farmers. The program benefits both parties. Sadia is able to increase supplier loyalty and secure 
supply in the light of environmental regulation. Farmers benefit from improved management of swine 
manure. Moreover, in addition to creating revenues from carbon credit trading, farmers are able to 
benefit from cost recovery due to reduced operational costs from using energy produced from the 
bio-digester and also the by-product from the fermentation process can be used as crop fertilizer or 
as food for fish breeding.

Value chain and position
Sadia created a non-profit entity called the Sadia Sustainability Institute, an independent non-profit 
organization in December 2004, to manage the 3S Program and to negotiate the carbon credits (Figure 
57). The institute is responsible for managing the 3S Program including unifying the swine producers and 
building enough carbon credits to create a CDM project. The Sadia Institute (SI) borrowed R$ 65.5 million 
(USD 36.11 million) from the Brazilian Developmental Bank (BNDES) for starting the implementation of 
the program. Sadia was the guarantor of the SI’s loan for implementing the 3S Program. 

The institute first identified the swine producers that could be potential participants. The role of  
the Sadia Institute is to provide the swine producers with information to procure the bio-digesters, 
identify the infrastructure needed at each facility and overall administration of the program. Two 
suppliers (Sansuy and Avesuy) were selected to provide the bio-digesters. Sadia also partnered with 
Espírito Santo University to develop new measuring equipment for measuring the gas emissions i.e. 
quantity of methane sequestrated and amount of CO2 produced. Once the bio-digesters are installed, 
the famers are responsible for the operation of the bio-digester in their respective farms. The emission 
reductions qualify for the Kyoto Protocol’s CDM program, under which Sadia Institute sells the carbon 
credits. The resulting surplus would be used to improve the social and environmental conditions of 
the participating farmers. Farmers pay back for the bio-digester from the carbon credit benefits on an 
installment basis.

After validation of the biogas equipment by Sadia’s engineers using the United Nations Framework 
Convention on Climate Change (UNFCCC) standards, the farmers will be able to use the biogas. 
However, if biogas is utilized, no CERs will be claimed for potentially displacing fossil fuels or grid 
electricity. The treated wastewater and mineralized sludge of the open-air lagoon is used for irrigation 
of surrounding crops.

Institutional environment
There are no national, state or local requirements providing for GHG emissions of agro-industrial 
operations (swine production) in Brazil. The state legislation on swine waste in Brazilian states 
determines that animal waste must have 120 days of retention in a non-permeable open-air lagoon for 
reduction of the organic load.

Since the 3S Program is registered as a CDM project, both the UNFCCC Kyoto protocol requirements 
and host country requirements apply. Along with the program implementation, auditing and verification 
of the program is expected. Such auditing is to be performed every semester by a designated 
operational entity, an independent auditor accredited by the CDM Executive Board, as determined by 
the UNFCCC.
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Technology and processes
For all farms included in the 3S Program, the installed equipment follows identical standards. The 
technology comprises a bio-digester, a combustion system and an open-air lagoon in which to store 
the treated manure (Figure 58). A process for identifying each farm and data acquisition system is also 
installed at individual farm. A data system was developed by a software company to ensure that the 
information about each farm cannot be altered, manipulated or double-counted. This system works 
with a device called PLC (Programmable Logical Controller) that is installed in each enclosed flare 
system. It is responsible for the data sources (pressure, temperature, flow, farmer, maintenance and 
other variables) of the project and where the information is processed. This program operates the 
system automatically and provides all needed data for each farm. Several technologies are available 
for manure management in swine farms. However, the selection of a feasible technology should take 
into account not only technical and economic challenges but also particular farm characteristics. These 
include the number of housed animals, the available agricultural land for manure application and the 
opportunities for energy and organic fertilizer production for trading or local consumption.

SWINE
FARM

Land, manure, 
biodigester operation

SADIA SUSTAINABILITY
INSTITUTE

Repayment through transfer 
of carbon credits

Carbon credit $

Equipment and
installation

EQUIPMENT 
SUPPLIER

CARBON
MARKET

BIODIGESTER AT SWINE 
FARMS (3S PROGRAM)

Biogas use 
on farm

$

FIGURE 57. SADIA’S 3S PROGRAM VALUE CHAIN
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Funding and financial outlook
The Amazon Fund, created in 2008, fosters a low-carbon economy by reducing GHG emissions, and 
that contributes decisively to improving not only the standard of living and preservation, but also 
the recovery and the rational use of its natural resources. The Amazon Fund is administered by the 
Brazilian Development Bank (BNDES) and aims to provide financing services for projects, which aim at 
the reduction of GHG emissions. This incentivizes companies, such as Sadia, to pursue CDM project 
activities. 

The Sadia Institute (SI) borrowed money from a financial institution (R$ 60 million) from BNDES 
(UNDP, 2007), approximately USD 33 million) for purchasing and installing the bio-digesters and the 
combustion system in the outsourced farms. SI owns all the equipment installed in the farmers’ facilities 
for the purpose of the 3S Program. In approximately five years, when the producers finish paying the 
institute for it, the bio-digesters and all related equipment will change hands and be owned by the 
swine farmers. The institute negotiates carbon credits with the operational entity under the CDM. The 
institute takes a percentage of the revenue from the offsets to cover operational expenses, and the 
remainder is allocated to the producer. Before seeing any income from the credits, the producer pays 
for the bio-digester; the payment is estimated to take five years of installments.

DATA ACQUISITION 
SYSTEM

DATA COLLECTOR

DATA EXTRACTOR

PLC SYSTEM

BIO-DIGESTER

METHANOGENESIS

ACIDOGENESIS

HYDROLYSIS

BIOGAS 
COMBUSTION

INTERNAL ENERGY 
CONSUMPTION

LAND APPLICATION 
OF BIO FERTILIZER

INPUT 
SWINE MANURE

FIGURE 58. SADIA’S BIO-DIGESTER PROCESS
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The process of certification of the carbon credits was rather complex involving several steps and 
actors. The volume of gas burned as well as the temperature, pressure and other measurements are 
registered in a computer, which would be constantly monitored by Sadia’s field work technicians.

Socio-economic, health and environmental impact
The 3S Program initiated by Sadia provides additional revenue and improved working conditions for 
Sadia’s swine producers, while reducing the environmental impact associated with swine production. 
The biogas generated can be used as energy in the farm, thus significantly saving operational costs. 
In addition, new business opportunities are created for the farmers, who can use the by-product from 
the fermentation process as food for fish breeding or as crop fertilizer and thus improve soil quality. 
The program contributes to improving the local environmental condition by improving quality of water 
and reducing soil pollution and foul odors. In addition, the 3S Program is expected to help disseminate 
environmental education among swine producers and the surrounding community.

Scalability and replicability considerations
The 3S Program was designed and implemented to reduce GHG emissions from swine producers 
in Sadia’s supply chain and to qualify the emission reductions as a CDM project. This program 
can be used as a demonstration for other supply chains to replicate the program by incorporating 
environmental sustainability in their revenue design. In order for this program to be replicated in other 
developing countries with intensive livestock production, government support for projects, which aim 
at reducing GHG emissions coupled with innovative financing mechanism, is required.

The key drivers for the success of this business are:
Innovative financing mechanism.
Availability of financing organizations.
Partnership among the different actors within the value chain.
Foreseeing and eliminating regulatory problems relating to production permission in Sadia’s swine 
supply chain.

SI plans to extend the program within its supply chain, including those suppliers that are not swine 
producers (for example, poultry and beef). SI plans to develop a “Sustainable Site Platform” in which 
it will give training for new agricultural commodities to be produced by its suppliers to diversify and 
increase their income. The platform aims to educate the producers on financial and management 
issues and thus creating entrepreneurs that are better prepared for the market.

Summary assessment – SWOT analysis
The key strength of Sadia is the application of innovative financing mechanism to implement the 
3S Program and thus fostering strong partnership with its swine farmers (Figure 59). Availability of 
financing organizations such as the Amazon Fund which provide financing services for projects which 
aim at the reduction of GHG emissions and government support for CDM are the key opportunities 
for the business to further expand its 3S Program. However, sustainability of the 3S Program highly 
depends on carbon credit sales, the prices of which are volatile.
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FIGURE 59. SWOT ANALYSIS FOR SADIA

S
with swin

ng environment
upply chain
e farming
e)

or farmers 
of dry fermenta

ns’ credibility and W
operate bio-digeste
chnology cost
eration and maintenance cost

ge to include the small prod
ge to measure the gas em
e a large number of carb

g facilities (bio-digeste

O
arket opportu

o-fertilizer for additio
y renewable fuel, biogas

oven end-use application
participation in the CDM T

rbon credit earning
nistrative proceedi

are no
he sa

mmiss
numb
es (bio

Copyright Material – Provided by Taylor & Francis 



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

171CASE: POWER FROM SWINE MANURE FOR INTERNAL USE

Pereira-Querol, M. 2011. Learning challenges in biogas production for sustainability: An activity 
theoretical study of a network from a swine industry chain. University of Helsinki Institute of 
Behavioural Sciences.

Pereira-Querol, M. and Seppanen, L. 2008. Learning as changes in the activity systems: The emergence 
of on-farm biogas production for carbon credits. In 8th European IFSA Symposium, Clermont-
Ferrand, France, July 6 –10, 2008. 

United Nations Development Programme (UNDP). 2007. Sadia Program for Sustainable Swine 
Production (3S Program): Bringing sustainability to the supply chain. Value Chains. www.value-
chains.org/dyn/bds/docs/740/Brazil_Sadia%20FINAL.pdf (accessed Nov. 7, 2017).

United Nations Development Programme (UNDP). 2008. Creating value for all: Strategies for doing 
business with the poor. UNDP. https://goo.gl/bTLgXm (accessed Nov. 7, 2017).

United Nations Environment Programme (UNEP). 2009. Towards triple impact: Toolbox for analysing 
sustainable ventures in developing countries.

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 (2013/2014). As 
business operations are dynamic, data can be subject to change.

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




