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CASE

Briquettes from agro-waste and municipal 
solid waste (Eco-Fuel Africa, Uganda)

Solomie Gebrezgabher and Charles B. Niwagaba

Supporting case for Business Model 2

Location: Lugazi Town, Buikwe District, Uganda

Waste input type: Agro-waste, municipal solid waste

Value offer: Briquettes (Clean cooking fuel), biochar

Organization type: Private

Status of 
organization:

Operational (since 2010)

Scale of businesses: Small  

Major partners: National Bureau of Standards, 
Calvert Foundation (equity), Global 
Catalyst Initiative (grant)

Executive summary
Eco-Fuel Africa (EFA), located in Lugazi Town, Buikwe District, Uganda, converts farm and municipal 
waste into briquettes and biochar fertilizer. With good understanding of local fuel usage conditions, EFA 
ingeniously developed simple, low-cost, easy-to-use technologies – kilns for carbonization of waste 
and eco-fuel press machine – to convert it into briquettes, which are cheaper than charcoal and other 

KEY PERFORMANCE INDICATORS (AS OF 2012)

Land use 0.4 ha and 0.8 ha in 2 sites

Capital investment: USD 10,500 owner’s investment and USD 60,000 from donors; in 
2013, USD 372,892 capital required to expand the business

Labor: 19 full-time and 3 part-time workers

Total cost of 
operation in 2012:

USD 98,259 per year 

Output: 200 tons of briquette per year sold for 170 USD/ton

Potential social and/or 
environmental impact:

Household savings 200 USD/year, women retailers earn 1,825 USD/year, 1,500 
farmers earn 360 USD/year, 43 micro-franchisees earn 1,728 USD/year, job creation, 
avoidance of GHG emissions and improvement of educational opportunities  
for women

Financial viability 
indicators:

Payback 
period:

N.A. Post-tax 
IRR:

N.A. Net profit USD 3,000
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briquettes. EFA implements a micro-franchising system whereby it trains its important chain actors 
(i.e. rural farmers, micro-franchisees and women retailers) to produce and distribute its briquettes to its 
final customers (i.e. poor households). The project, in addition to combating deforestation and climate 
change, generates jobs, creates entrepreneurs through its micro-franchising scheme and boosts rural 
incomes. In addition to the positive effect from the business, a portion of the business’ income is 
donated to tree-planting initiatives to restore destroyed forests.

Context and background
In Uganda, over 90% of the household energy is derived from biomass, mainly firewood and charcoal. 
The continuous dependence on firewood and charcoal contributes to deforestation. As forests 
disappear, gathering of firewood, which is mainly done by women and children, becomes difficult. 
Inspired by the problem of collection of firewood, and by the problems girl children were going through 
in missing school to fetch firewood, as well as the rate at which Africa was losing forest cover, EFA 
set out to find a solution. The enterprise invented a simple technology, which can be used by poor 
communities to convert farm and municipal waste into briquettes and biochar fertilizers. The briquette 
made, known as ‘green charcoal’ is a carbon neutral cooking fuel that is made from renewable 
biomass waste such as sugarcane waste, coffee husks and rice husks. In Uganda, the institutional 
setting in waste management and recycling supports innovations in renewable energy. However, at the 
assessment time, no statutory guidelines were available for carbonization and charring.

Market environment
The enterprise’s target customer segment is households living in villages, who rely on firewood and 
charcoal for fuel. Uganda has faced rising charcoal prices due to, among other factors, increased 
levies on charcoal burners by the government of Uganda in recent years. Between 2009 and 2011, 
the price of charcoal increased from 0.25 USD/kg to 0.60 USD kg (an increase of 140%) (Ferguson, 
2012). With soaring charcoal prices and increased awareness about the problems related to charcoal 
use, there is increased demand for cheap and clean fuel for cooking. Briquettes can serve as a direct 
replacement for firewood and charcoal. This gives EFA the opportunity to tap into the growing market 
where charcoal prices are rising. It is also planning to tap into other market segments such as small 
enterprises (restaurants) and institutions (schools) in the near future. Market competition is relatively 
moderate. Although there are a number of other producers producing briquettes such as Kampala 
Jellitone Suppliers Ltd. (KJS) and other small informal producers of briquettes, EFA’s briquettes are 
cheaper as it uses mechanical methods with very little electricity input which keeps costs lower than 
those of competitors (Table 10). EFA business has a great potential as it has a low investment cost 
while at the same time, the product has a high market demand.

TABLE 10. PRICES OF BRIQUETTES AND ALTERNATIVE FUELS (DEC 2011)

FUEL TYPE PRICE (USD/KG)

Eco-Fuel Africa briquettes 0.17

Firewood 0.24

Kampala Jellitone Suppliers Ltd. briquettes 0.28

Informal producers briquettes 0.40

Charcoal 0.60

Source: Ferguson 2012; Personal communication with Eco-Fuel Africa; Personal communication with KJS.
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Macro-economic environment
In Uganda, wood is by far the most important source of energy, even though the importance of 
petroleum and hydroelectric power is growing. The contribution of firewood and charcoal to Uganda’s 
GDP is estimated at USD 48 million and USD 26.8 million respectively (UNDP, 2011). In terms of 
employment, biomass production creates nearly 20,000 jobs for Ugandans. The fact that the biomass 
wood industry represents significant economic activity implies that wood fuel will continue to be the 
dominant source of energy in Uganda for the foreseeable future. This has implications for briquette 
business as the success of briquette business depends on its competitiveness to the wood fuel/
charcoal.

In September 2002, the Government of Uganda adopted a new energy policy. The main policy goal 
is to meet energy needs of the Ugandan population for social and economic development in an 
environmentally sustainable manner by substantially using modern renewable energy. The overall 
policy goal is “to increase the use of modern renewable energy, from 4% to 61% of the total energy 
consumption by the year 2017.” There is still limited use of efficient wood fuel, charcoal stoves and 
biogas in households, institutions and industries. To support alternative clean energy initiatives, 
government strategy on the demand side is dissemination of more energy efficient technologies 
(Renewable Energy Policy, 2007). 

Furthermore, with support from the UNDP, the government is implementing key interventions in 
charcoal production which includes increasing the charge that the National Forestry Authority levies on 
charcoal burners. This provides an opportunity for alternative fuels to compete further with charcoal.

Business model
Briquettes are sold to households via women retailers (Figure 20). The business invented two low-
cost and energy-efficient technologies, namely low-cost kiln, which carbonize agricultural waste, 
and briquetting machine, also called eco-fuel press machine. EFA has invented simple tailor-made 
briquetting technology which does not need electricity to operate and which can be easily used and 
maintained by people with limited skills. EFA leases the kilns to farmers and provides the farmers 
training on how to convert their agricultural waste into charcoal powder using the kilns. The eco-fuel 
press machine is used by the micro-franchisee to convert charcoal powder brought from farmers to 
clean burning briquettes. The micro-franchisees sell all the briquettes to EFA, which packages and 
sells them to its network of women retailers. 

Through micro-franchising, EFA have created a decentralized network of village based micro-factories 
using their already tested technology and business model to convert locally sourced biomass waste 
into briquettes (green charcoal) and making it easily accessible through women retailers to local people. 
This eliminates the need to transport biomass waste and green charcoal over very long distances, 
keeps the cost of green charcoal down which makes it affordable and creates local sustainable jobs.

Value chain and position
The briquette value chain involves three important actors, namely farmers, micro-franchisee and 
women retailers (Figure 21). EFA is the focal point in the value chain. It is involved in technology 
transfer and in training each of the chain actors. It provides training to the farmers to convert their 
agricultural waste into charcoal powder using kilns invented by EFA. The kilns are made out of old oil 
drums and provided to farmers on a lease-to-own basis. The farmers sell the powder directly to EFA or 
to the local micro-franchisee. The charcoal powder is then converted into briquettes using the eco-fuel 
press machine. The press machine is designed to ensure that it can be operated and maintained by 
local people with no or little formal education. EFA recently invented a low-cost briquetting machine 
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COST STRUCTURE

 Investment cost (land, kilns, eco-fuel press machine)

 Research on technology

 Buy-back of briquettes made by franchisees

 O&M cost (training to farmers and micro-franchisee, 
maintenance of machines, labor cost) 

REVENUE STREAMS

 Sales of briquettes 

 Franchising fees

 Lease of kilns

SOCIAL & ENVIRONMENTAL COSTS

 Potential loss of income for firewood 
and charcoal traders

 Possible workers’ health risk while 
manually handling waste

 Air quality decline where households used gas before

SOCIAL & ENVIRONMENTAL BENEFITS

 Contribute to slowing the rate of deforestation

 Reduce indoor air pollution 

 Reduce GHG emissions

 Contribute to better MSW management

 Creation of entrepreneurs and jobs

 Contribute to improving the educational 
opportunities among girls and women 

KEY 
PARTNERS

 National Bureau 
of Standards 
(UBOS)

 Calvert 
Foundation

 Global Catalyst 
Initiative

KEY 
ACTIVITIES

 Producing and 
selling briquettes 

 Training of 
farmers on how 
to carbonize

 Production 
and sale/lease 
of production 
hardware 
(kilns, pressing 
machines)

 Research and 
development

 Maintenance 
of franchised 
machines

 Network 
(franchisees, 
farmers) 
management

VALUE 
PROPOSITIONS

 Less expensive 
and clean 
cooking fuel 

 Simple, steady 
franchise income 
generation 
by producing 
briquettes

 Income 
generation from 
selling charcoal 
powder

 Low cost organic 
fertilizer

CUSTOMER 
RELATIONSHIPS

 Network of 
distributors

 Staff trainers 
from EFA

 Staff trainers 
from EFA

CUSTOMER 
SEGMENTS

 Households

 Micro-franchisee 
(briquette 
pressing)

 Farmers 
(carbonize 
agro waste)

 

KEY 
RESOURCES

 Technical 
competency

 Kilns

 Eco-fuel press 
machine

 Agricultural 
residues 

 Capital 

 EFA brand

 Networks

CHANNELS

 Women retailers

 Direct sales 
at EFA

 Direct lease 

FIGURE 20. EFA BUSINESS MODEL CANVAS
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called eco-fuel press which compresses charcoal powder bought from farmers into clean burning fuel 
briquettes without using electricity.

Each micro-franchisee can make enough fuel briquettes to meet energy needs of at least 250 local 
households. EFA mainly makes money from micro-franchising through leasing the technology. Micro-
franchisees also pay EFA for training and business support. The micro-franchisees sell all the briquettes 
to EFA which are packaged and sold to its network of women retailers. Most of these women are 
illiterate. EFA trains these women thoroughly in areas such as basic book keeping, marketing and 
customer service. EFA builds a kiosk for each of the selected women after 3 days training, which they 
use as a retail shop to sell EFA’s briquettes to final users. EFA’s women retailers sell other items like 
fruits and vegetables in addition to EFA’s briquettes at the kiosks.

ECO-FUEL AFRICA

FARMERS WITH KILNS

WOMEN RETAILERS

HOUSEHOLD 
ENTERPRISES

MICRO 
FRANCHISEE

Technology, Training
$

Briquette
$

Charcoal 
powder $ $ Charcoal 

powder
Kilns, 

training $

Briquette /
Training

Briquette

$

$

FIGURE 21. ECO-FUEL AFRICA BRIQUETTE VALUE CHAIN
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Each community-based briquetting micro-factory needs 10 farmers with kilns who supply the char 
needed by the factory to make fuel briquettes, five local retailers to sell briquettes to the final consumers 
in the local community and five employees to run the machines, handle the packaging and distribution 
of the fuel briquettes. Each of these farmers can earn up to 30 USD/month in extra income. These 
farmers are also able to use these kilns to make organic fertilizers called biochar which helps them to 
increase their farm yields by over 50%. Each of these micro-franchises will earn at least 1,728 USD/
year. Each of these micro-retailers can earn up to 152 USD/month in extra income. These people are 
from local community with limited skills.

EFA is making profits and has plans to scale up its business and to serve other customer segment 
such as small enterprises. EFA has a challenge of attracting funding, which has slowed down their 
expansion plans. They are growing the business slowly, utilizing internally generated funds. As a long-
term strategy, EFA intends to construct a training centre in Lugazi, Buikwe District, Uganda. Investment 
is already made on two acres of land in this area valued at USD 13,000 where the training centre will be 
constructed. This centre will enable the enterprise to adequately train its micro-franchisees, farmers 
with kilns, women retailers and other stakeholders.

Looking at the supply side of the value chain, EFA sources its input from various farmers. It relies 
on their farm productivity and the resulting farm residue to produce the briquettes. Supplier power 
is weak as the reuse of farm residue and MSW is very limited in Uganda and thus the farm residues 
have low market value. But in the future, with the emergence of more briquettes, compost and other 
reuse businesses, supplier power is expected to be higher. Furthermore, new businesses with more 
automated and efficient technology and a resultant low-priced briquette pose a threat to EFA whose 
operations are mechanical and less efficient. On the demand side, EFA targets households who 
previously relied on firewood for cooking. Experience has shown that, even where cleaner fuels are 
available, households often continue to use simple biomass fuel as they are more familiar with it. EFA 
must maintain a price that is lower than firewood/charcoal as households will easily shift to firewood. 
Buyer power thus plays an important role. There is also the threat of substitutes which exists when the 
demand for the product is affected by a change in price of a substitute product. Market competition 
from existing briquette businesses is low. There are few briquette businesses (less than 10) which are 
operating at the same scale of operation as EFA and only one business operating at a larger scale 
(about 2,000 tons/year). Most of the briquette businesses are small scale and informal. So far, EFA has 
a competitive advantage over other producers since it is retailing the briquettes at a lower price and 
demand is constantly outstripping supply. Briquetting industry is in its infancy in Uganda and even 
with the emergence of more businesses, the increase in market growth (expanding market) would 
result in increased revenues. The market for briquettes can grow based on households, institutions 
and industrial sectors shifting to briquettes for their fuel demand.

Institutional environment
The body charged with the duty to oversee and regulate activities in waste management is the National 
Environment Management Authority (NEMA). It is responsible for ensuring that waste management 
activities, e.g. recycling, is carried out in a sustainable manner and do not pollute the environment. 
Others institutional agencies include the Ministry of Energy and Mineral Development (MEMD). The 
MEMD produced an energy policy for Uganda in 2002 and a renewable energy policy for Uganda in 
2007. This was reinforced in the first National Development Plan (NDP) 2010, and in the current NDP 
II, 2015–2020.

The Renewable Energy Policy 2007 called for innovations and research in waste management and 
recycling. To promote the conversion of municipal and industrial waste to energy, the government will 
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provide incentives for the conversion of wastes to energy and put in place fiscal measures that will 
discourage open burning or disposal of wastes without extracting their energy content. This will cover 
the conversion of waste to energy through direct combustion, gasification or biological conversion to 
biogas and therefore wastes will become part of the energy resource base. To foster this development, 
MEMD will work with municipal authorities and industries that generate lots of waste in developing this 
potential. Appropriate incentives shall be put in place to promote the conversion of waste to energy. 
This could be through the Credit Support Facility (CSF), tax waivers and other incentives. 

However, no statutory guidelines are available for carbonization and charring. The government is 
implementing key interventions in charcoal production and is increasing levies on charcoal burners. The 
Uganda National Bureau of Standards (UNBS) is a key institution, charged with ensuring that products 
on the market including packaged charcoal meet certain quality standards. However, all charcoal in the 
market in Uganda is produced and sold by the informal sector and is therefore not certified.

Technology and processes
One of the most common variables of the biomass briquette production process is the way the biomass 
is dried out. Manufacturers can use torrefaction or carbonization, based on increasing degrees 
(temperatures, oxygen) of pyrolysis. Researchers concluded that torrefaction and carbonization are 
the most efficient forms of drying out biomass, but the use of the briquette determines which method 
should be used but all of them involve heating biomass with little or no oxygen to drive off volatile 
gasses, leaving carbon behind. The EFA invented a low-cost kiln made out of old oil drums. The kiln 
carbonizes agricultural waste to produce charcoal powder through pyrolysis. The charcoal powder is 
sieved and converted into briquettes and the remaining coarse material is mixed with compost and 
used as organic fertilizer or as biochar (Figure 22).

CARBONIZING

BIOCHAR

SIEVING

PRESSING /
BRIQUETTING

DRYING

AGRICULTURAL 
WASTE, MSW

PACKAGING

FIGURE 22. ECO-FUEL AFRICA BRIQUETTING PROCESS FLOW
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Compaction is another factor affecting production. Some materials burn more efficiently if compacted 
at low pressures, such as corn stover grind. Other materials such as wheat and barley straw require 
high amounts of pressure to produce heat. There are also different press technologies that can be 
used. A piston press is used to create solid briquettes for a wide array of purposes. EFA has also 
invented a low-cost briquetting machine called eco-fuel press, which compresses charcoal powder 
bought from farmers into clean burning fuel briquettes. The eco-fuel press requires no electricity and 
is easy to use. Previously, the machines used by the enterprise were powered by electric motors 
which required constant monitoring and expensive repairs. With the prevailing unreliable electricity 
grid, production stoppage was a major problem. The new machine makes much denser briquettes 
which are more resistant to transport than briquettes produced using the old machine. There are no 
binders involved in this process. The natural lignin in the wood binds the particles of wood together 
to form a solid briquette. 

The finished briquettes are dried through sun drying which can take up to three to four days. The 
briquettes are finally packaged in clear plastic bags printed with the enterprise’s logo. The technologies 
invented and used by EFA are simple and low-cost, require no specialized skills and are suitable for the 
local conditions. EFA provides the workers with hand gloves.

Funding and financial outlook
EFA started with a capital of USD 500 from personal equity. It received a grant of USD 10,000 from 
the Ugandan government. In 2011, EFA received a grant of USD 20,000 from Calvert Foundation and 
USD 40,000 from Global Catalyst Foundation. Part of the revenues generated by the business and the 
grants received are invested to expand the business. With support from the Unreasonable Institute 
(https://unreasonablegroup.com), EFA was able to raise more than USD 3 million in funding and to be 
profitable, earning USD 1.2 million in revenue (https://vimeo.com/146802104).

Socio-economic, health and environmental impact
Use of EFA’s cooking briquettes reduces the rate of deforestation, avoids GHG emissions, reduces 
indoor air pollution and improves educational opportunities among girls and women by eliminating the 
need for collecting wood. 

In 2015 and after receiving attention by different investors, EFA was able to claim the following impact:
Brought clean cooking fuel to over 105,000 households served daily. These households are now 
able to save up to half of the money they previously spent on charcoal from wood, and with 
these cost savings, they are able to improve their household living conditions like cooking more 
consistent meals. Over 57,500 marginalized girls enabled to enrol, stay and study in school. Some 
of these girls could not previously attend school because they had to walk arduous distances to 
gather wood for their households.
Increased incomes and food harvests of 3,500 farmers, about 40% of which are women, who use 
EFA technology to convert farm waste into organic fertilizers (biochar). Farmers earn on average 
360 USD/year in extra income as a result of EFA’s project.
Turned 2,300 local women into micro-retailers of clean cooking fuel. All these women had no jobs 
before they started retailing for EFA. These women now earn about 1,825 USD/year from clean 
energy retail businesses.
500,000 acres of forests saved in averted deforestation.
About 127,650 tons of CO2 mitigated every year.
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Scalability and replicability considerations
The key drivers for the success of this business are:

Regulations against cutting down trees.
Increased charge that the National Forestry Authority levies on charcoal burners.
Rising prices of charcoal.
Government policy that promote renewable energy sources.
Access to both sufficiently dense community networks and rural markets without electricity.
Charismatic leader with a business plan gaining international attention.

EFA’s business model is based on low-cost and simple technologies that can easily be used by local 
communities. Within Uganda, EFA was planning to expand to all regions of Uganda by 2015 and  
to up-scale its operations by building a bigger factory near industrial sources of sugarcane waste to 
meet growing demand. This business model is highly replicable in other low-income countries where 
firewood is predominantly used, where wood is scarce and where agricultural waste or municipal 
solid waste is abundant. With raising more capital to improve its technology and with the franchise 
model, the business could be out-scaled to other regions in sub-Saharan Africa, latest by 2010. For 
this business to be out-scaled to or replicated in other regions, high charcoal prices and presence of 
regulatory frameworks on use of firewood are required.

HELPFUL
TO ACHIEVING THE OBJECTIVES

HARMFUL
TO ACHIEVING THE OBJECTIVES
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STRENGTHS

 Low-cost technology
 Dynamic and skilled entrepreneur 
 Well distributed production and 

micro-franchising system
 Access to rural markets with no electricity 
 Good relationship with chain 

actors and investors

WEAKNESSES

 Poor logistics in transporting 
briquettes to retailers

 Lack of local technical and institutional 
capacity and finance to improve technology 

 Lack of standardization of the briquettes
 The low-margin, high-volume nature 

of the business with insufficient profit 
margins for green charcoal producers
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OPPORTUNITIES

 Possible patenting of technology (IP) 
 Good opportunity for up-scaling 

through franchising
 Good image through its tree-planting initiatives
 Increasing prices of substitute 

products (charcoal)
 Increasing demand and market 

growth of briquettes 
 Supportive local community 

THREATS

 Competition for input may raise prices of inputs
 Low farm productivity (harvest fail) may 

lead to shortage of supply of farm waste 
 Lack of finance may slow down 

expansion and limit research efforts
 Competition from other similar 

products and technologies
 Inadequate policy, regulatory and 

institutional framework and lack of 
product quality and standards

FIGURE 23. SWOT ANALYSIS FOR EFA
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Summary assessment – SWOT analysis
The key strengths of the business are its application of low-cost technology coupled with a well 
distributed production and franchising system which contributed to the competitive advantage that 
EFA has over its competitors (Figure 23). The franchise scheme presents EFA a good opportunity to 
expand its business. However, lack of finance may slow down expansion and limit research efforts  
to improve technology.

Contributors
Sanga Moses, Eco-Fuel Africa
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References and further readings
Eco-Fuel Africa (EFA), 2012. https://www.facebook.com/ecofuelafrica1 (accessed Nov. 6, 2017).

Ferguson, H. 2012. Briquette business in Uganda: The potential for briquette enterprises to address 
the sustainability of the Ugandan biomass fuel market. London: GVEP International.

Ministry of Energy and Mineral Development (MEMD). 2002. The energy policy for Uganda. Amber 
House Kampala, Uganda: MEMD.

Ministry of Energy and Mineral Development (MEMD). 2007. Renewable energy policy for Uganda. 
Amber House Kampala, Uganda: MEMD.

Musoba, E. 2012. Fuel efficiency of wood cooking stoves in communities adjacent to Kibale 
Forest National Park, Uganda. Unpublished MSc. dissertation. College of Agricultural and 
Environmental Sciences, Makerere University.

Rawsthorn, A. July 2012. Cleaning up the African kitchen. The New York Times. www.nytimes.com/ 
2012/07/30/arts/design/cleaning-up-the-african-kitchen.html (accessed March 13, 2012).

World Food Programme (WFP). 2009. Safe access to firewood and alternative energy in Uganda: An 
appraisal report.

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 2012–2015. 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




