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34 RECOVERING ENERGY FROM WASTE 

Recovering energy from waste: An overview 
of presented business cases and models
Access to affordable and sustainable energy is key to economic prosperity and sustainable development 
in developing countries. Energy plays a critical role not only in ensuring quality of life at individual or 
household level but also as one of the factors of production whose cost affects other goods and 
services (Amigun et al., 2008). Access to energy or the lack of it affects all facets of development: 
social, economic and environmental aspects. It is the key to sustaining the livelihood of the poor as 
well as ensuring industrial development of a country. Energy is crucial for achieving almost all of the 
Sustainable Development Goals (SDGs), from eradication of poverty through advancements in health, 
education, water supply and industrialization, to combating climate change (UN, 2016). SDG 7 is 
dedicated to the access to affordable, reliable, sustainable and modern energy for all, with target 7.2 
calling for a substantial increase of the share of renewable energy including power derived from solid 
and liquid biofuels, biogas and waste.

With the aim of achieving a more sustainable natural environment while providing reliable and affordable 
energy to different sectors of the economy, interest in alternative sources of energy as a means of 
reducing dependence on fossil fuels has grown. Studies have shown that energy demand will increase 
during this century by a factor of two or three while about 88% of this demand is met by fossil fuels 
(IEA, 2006). The negative effects of the conventional energy sources coupled with the limited capacity 
of current energy infrastructure and the increase in energy demand have spurred interest in alternative 
sources of energy which are environment friendly and renewable.

Around 3 billion people cook and heat their homes using solid fuels (i.e. wood, charcoal, coal, dung, 
crop wastes) on open �res or traditional stoves. Such inef�cient cooking and heating practices produce 
high levels of household (indoor) air pollution which includes a range of health-damaging pollutants 
such as �ne particles and carbon monoxide. About 4.3 million people a year die from the exposure to 
household air pollution (WHO, 2016).

Under increasing deforestation, the global waste to energy market was valued at USD 24 billion in 2014 
and it is expected to reach USD 36 billion by 2020 � a growth rate of 7.5% (Figure 5). Waste-to-energy is 
a waste treatment process to generate energy in the form of electricity, heat or fuel from both organic and 
inorganic waste sources. In this book, the focus is only on cases and models targeting energy generation 
from biomass (organic waste). While recovering energy from organic waste streams is essential to ensure 
energy security and sustainable development, waste-to-energy solutions still face numerous barriers 
including high investment cost, inadequate policy support and insuf�cient revenue generation due to 
limited experience with business or cost recovery models. This section addresses this last void, while 
opportunities and barriers in the enabling environment are discussed in Chapter 19.

In this section of the catalogue, waste-to-energy conversion process in all the business cases and 
models can be broadly presented as in Figure 6. The energy recovery models and cases use one 
of the waste streams (agro-waste, agro-industrial waste and ef�uent, livestock waste, fecal sludge 
and organic fraction of municipal solid waste) to produce energy products in solid (briquette), liquid 
(bio-fuel/ethanol) and gaseous (producer gas and biogas) forms. These energy products are used to 
generate heat, electricity or fuel for transport.

The energy recovery chapter describes in total 9 business models derived from 19 business cases, 
and these 9 business models can be broadly classi�ed into 4 categories:
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36 RECOVERING ENERGY FROM WASTE 

One of the most common waste-to-energy solutions that is widely implemented in developing 
countries is production of biogas from organic waste. Biogas can be produced from nearly all kind 
of biological feedstock � various organic waste streams including human waste (Holm-Nielsen et al., 
2009). Business models 3 and 4: Biogas from fecal sludge at community level and Biogas from 
kitchen waste present institutional biogas models for energy savings. The business case examples 
are from India, Nepal, the Philippines, Rwanda and Kenya which highlight successful partnership with 
local authorities, non-governmental organizations and communities for successful implementation.

In this section of the catalogue, biogas production is demonstrated at different scales with the lowest 
scale of biogas production at the institutional level and large-scale production at industrial level. 
As the target stakeholder is industries in the later, the scale of waste generated is higher resulting 
in higher gas production and thus enabling to generate electricity from biogas. This is the case for 
livestock industry which generates biogas from manure for onsite use (Business Model 5: Power 
from manure). The case examples presented demonstrate rural electri�cation models from livestock 
waste along with innovative �nancing mechanisms of using carbon credits to invest in the technology. 
For example, Sadia, a company from Brazil, processes meat, and in order to mitigate the social and 
environmental impacts associated with livestock production systems, it has installed bio-digesters 
on the farms within its supply chain on a Build, Operate and Transfer (BOT) basis. Sadia uses carbon 
credit method to �nance biogas systems on the farms that supply meat to the processing factory while 
taking the responsibility of registration of the project as a CDM and the management of the carbon 
credit revenues. 

In addition to business models that highlight power generated from manure, there are also other 
business models that use agro-waste or municipal solid waste (MSW) to generate electricity (Business 
Models 6�8: Power from agro-waste; Power from municipal solid waste (MSW); and Combined 
heat and power from agro-industrial waste for on- and off-site use). Agro-processing industries, 
such as sugar and palm oil factories, and slaughterhouses in low-income countries, are diversifying 
into creating by-product value addition through co-generation and bioethanol production. The energy 
production technologies are either owned and operated by the factory or are installed by an external 
private entity on a Build, Own, Operate, Transfer (BOOT) model. These business models allow agro-
industries to be self-suf�cient in energy while securing additional revenue streams by exporting excess 
electricity to the national grid and trading carbon credits. The cases here also highlight social enterprise 
models for rural electri�cation. 

In this section of the Resource Recovery and Reuse (RRR) catalogue, while the focus is on innovative 
energy recovery business models with relatively simple technology, there are also few business 
models and cases which use more sophisticated and high investment cost energy solutions. There 
is limited focus on advanced technologies to produce biogas, syngas and liquid fuels except in the 
case of Business model 9: Bio-ethanol and chemical products from agro and agro-industrial 
waste which highlights production of biofuel from cellulosic sources such as agro-waste produced 
from mills processing cassava, rice, wheat, coffee and so on. The model also covers processing 
of vinasse waste generated during ethanol production. Vinasse can be used to produce an organic 
binder (lignosulfonates) which has numerous applications across many industries.

Further business cases and models where energy generation plays a role are presented in the section 
on wastewater treatment for reuse.

Waste-to-energy business cases and models described in this section demonstrate improved economic 
viability from RRR to provide not only environmentally bene�cial solutions along with increased energy 

Copyright Material – Provided by Taylor & Francis 



SE
C

TI
O

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

37OVERVIEW

access to governments, donors, entrepreneurs and non-government organizations in developing 
countries but also offer larger socio-economic bene�ts from safe waste management. By adopting 
these solutions, they not only help meet the ever-increasing demand for energy but also pull out 
millions of underserved communities from extreme poverty in an environmentally responsible manner. 
For increased energy security and to meet SDG 7 indicators, there is a need to triple investments 
in sustainable energy infrastructure per year from USD 400 billion to USD 1.25 trillion by 2030 (UN, 
2016) and waste-to-energy RRR business models and cases provide a means to achieve not only 
SDG 7 indicators, but also, for example, SDG 12.5 to substantially reduce waste generation through 
prevention, reduction, recycling and reuse.
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Introduction
Urban and rural populations in developing countries predominantly depend on traditional biomass 
fuels such as charcoal and �rewood for cooking due to lack of affordability and access to modern 
fuels. Despite more than a decade of work to reduce domestic air pollution sources, progress 
toward universal access to clean cooking fuels remains far too slow. According to the World Health 
Organization (WHO, 2016), almost 3.1 billion people still rely on polluting, inef�cient energy systems, 
such as biomass, coal or kerosene, to meet their daily cooking needs � a number virtually unchanged 
over the past decade. The same applies to heating and lighting. For instance, almost half of all African 
households across the 25 countries surveyed by WHO rely primarily upon highly-polluting kerosene 
lamps, compared to about 30% of households surveyed in South-East Asia. Women and girls bear 
the largest health burden not only from domestic pollution sources, but often also from related fuel-
gathering tasks. For instance, available survey data from 13 countries showed that girls in sub-Saharan 
African homes with polluting cook stoves spend about 18 hours weekly collecting fuel or water, while 
boys spend 15 hours. In homes mainly using cleaner stoves and fuels, girls spend only 5 hours weekly 
collecting fuel or water, and boys just 2 hours (WHO, 2016). There are also environmental impacts, 
such as deforestation and climate change, associated with the consumption of charcoal and �rewood 
due to the unsustainable nature of their production and use. 

Overdependence on �rewood has resulted in reduced availability and consequently necessitates 
the ef�cient utilization of agricultural residues and municipal solid waste as a source of heating and 
cooking fuel by transforming them into alternative fuel products called briquettes. The briquette 
business model aims to tap into this potentially vast market by providing urban and rural populations 
with affordable and environmentally friendly alternative ef�cient fuel products. In developing countries, 
the briquette industry is gaining momentum in certain regions such as in East Africa and Asia. The 
empirical business cases, which led to this business model, are primarily from East Africa as there is 
more experience in briquette business in this region.

The business models (Business Models 1 and 2: Briquettes from agro-waste and Briquettes from 
MSW) highlight production of briquettes from different waste streams, carbonized or non-carbonized, 
and distinguish between end users such as households, and commercial and institutional users which 
have different needs and requirements. Competition from alternative fuels, �rewood and charcoal, is 
a major threat to the success of this business model. Thus, to compete with alternative fuels, different 
strategies are used such as targeting of segmented market, designing an ef�cient and effective value 
chain using local technology to reduce production cost and providing products with consistent quality.

References and further readings
World Health Organization (WHO). 2016. Burning opportunity: Clean household energy for health, 

sustainable development, and wellbeing of women and children. Geneva: WHO.
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CASE

Briquettes from agro-waste  
(Kampala Jellitone Suppliers, Uganda)
Solomie Gebrezgabher and Abasi Musisi

Supporting case for Business Model 1

Location: Kampala, Uganda

Waste input type: Agricultural farm waste/residues (saw dust, 
millet husks, ground nut shells, wheat 
bran, maize combs, coffee husks)

Value offer: Briquettes (Clean cooking fuel), 
briquette burning stoves

Organization type: Private

Status of 
organization:

Operational since 2001 (briquette business)

Scale of businesses: Medium 

Major partners: Fuel from Waste Research Centre, Danish 
International Development Agency 
(DANIDA), United States Africa Development 
Foundation (USADF), Deutsche Gesellschaft 
für Internationale Zusammenarbeit (GIZ)

Executive summary
Kampala Jellitone Suppliers (KJS) is a limited company located in Kampala, Uganda that produces non-
carbonized briquette from agricultural residues. KJS has been operational since 1981 and at the time 
of the assessment employed over 100 people, 70% being women. The company started with roasting 
coffee using diesel burners, followed by a bakery that used �rewood ovens. The baking and roasting 
propelled the need to look for an alternative fuel source and gave rise to the production of briquettes 
made from agricultural waste. This has led to KJS becoming the �rst large scale non-carbonized 
briquette producer in Uganda and wining the ASHDEN Global Green Awards in June 2009. Its clients 
now include institutional and commercial users who previously used wood fuel and charcoal for 
cooking and heating. KJS provides them with briquettes which have high heating value and consistent 
properties and burn longer than alternative cooking fuel, as well as selling ef�cient briquette-burning 
stoves. The company has also set up the Fuel from Wastes Research Centre (FWRC), an NGO which 
conducts innovative research and development in suitability of agricultural wastes for briquetting, 
briquette making, and designing and manufacturing of briquette burning stoves.
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KEY PERFORMANCE INDICATORS (AS OF 2012)

Land use: 2.4 ha

Capital investment: USD 698,964

Labor: 100 full-time workers and 400 external laborers along the value chain

Operation and 
Maintenance (O &M) cost:

0.240�0.260 USD/kg of briquette

Output: 1,680 tons of briquettes per year based on one shift operation

Potential social and /or 
environmental impact:

Savings to users of 0.08�0.32 USD/kg compared to charcoal, CO2 
emission savings of approx. 6.1 ton CO2/ton of briquettes, additional 
income to farmers � USD 3 to USD 14 per ton of input

Financial viability 
indicators:

Payback 
period:

14.5 years Post-tax 
IRR:

7% Gross 
margin:

10%

Context and background
Kampala Jellitone Suppliers, Kampala, Uganda was founded in 1976 to produce cosmetic products 
from petroleum jelly. KJS diversi�ed into coffee processing and baking, using lique�ed petroleum 
gas (LPG) as the fuel. In 1992, KJS started to look for cheaper alternative fuels. The production of 
briquettes was initially started to meet internal energy needs for coffee roasting and bakery, but KJS 
soon recognized the potential and became a large-scale producer of non-carbonized briquettes. 
As well as manufacturing briquettes which provides a cleaner, cheap and easy to handle cooking 
fuel, it also supplies ef�cient briquette-burning stoves. The initial business set up was supported by 
the Danish Embassy through Danish International Development Agency (DANIDA), which funded a 
feasibility study on biomass briquetting and assisted KJS to buy the �rst briquetting machine, and 
carry out research in briquetting technology. The company is now selling briquettes to 35 institutions 
including schools, hospitals and factories. It is �nanced by its founder and own income, as well as 
grants from DANIDA (USD 100,000) and the United States African Development Foundation (USADF) 
(USD 85,000) for developing business plans and staff training.

Market environment
Biomass is still the most important source of energy for the majority of the Ugandan population. About 
90% of the total primary energy consumption is generated through biomass, which can be separated 
in �rewood (78.6%), charcoal (5.6%) and crop residues (4.7%). Firewood was most commonly used 
by rural households (86%) while charcoal is commonly used in urban areas (70%). In Kampala, 76% 
of the population use 205,852 tonnes per year of charcoal as their main source of fuel for cooking. 
The urban household use accounted for about 70% of that demand while commercial establishments, 
such as hotels, accounted for 25%. The charcoal use is estimated to increase at 6% per year, which 
matches the rate of urbanization. High demand for wood fuels used inef�ciently results in overuse and 
depletion of forests. About 90,000 hectares (equals 900 km†) of forest cover are lost annually, which 
leads to fuel wood scarcity in rural areas and increasing price levels of charcoal and fuel wood. The 
production of charcoal is carried out under primitive conditions with an extremely low ef�ciency at 
10�12% on weight-out to weigh-in basis and an ef�ciency rate on calori�c value basis at 22%. At 
the same time, households use biomass in a very inef�cient way as the three-stone �re is still widely  
used.

Non-carbonized briquettes serve as a replacement to natural �rewood and raw biomass fuel. They offer 
greater energy per unit weight than wood or raw biomass but release as much smoke. Consequently, 
these are more appropriate for industrial/commercial processes or institutions where emissions can be 
controlled. Customers like the convenience of buying, handling and storing briquettes. The cooks like 
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the reduced smoke, heat and charcoal dust, and faster cooking. Table 5 shows the prices of briquettes 
and other competing fuels in Kampala. The �nancial savings are signi�cant where charcoal has been 
used in the past. One primary school now spends USD 24 (51,000 USh) per day on briquettes, instead 
of about USD 32 (69,000 USh) per day on charcoal.

TABLE 5. 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

In Uganda, there are 180,000 schools and a wide range of agricultural and food processing businesses 
that could use briquettes. Institutional stoves cost around USD 740 (1.6 million USh). About 65% of 
customers pay KJS for the stove in installments, others pay the full cost at the time of installation. 
KJS recently dropped the domestic users due to lack of briquette stoves on the market to match the 
briquettes whereas for the other segments, the briquettes can be used without modi�cations in the 
existing stove. Hence, there is a considerable opportunity and scope to expand production and supply 
the existing client base. Recent increases in charcoal prices, as shown in Figure 7, have created an 
opportunity for briquette businesses to serve these users.

Macro-economic environment
The biomass has historically been a cheap and accessible source of fuel for Uganda�s population but 
this is unlikely to continue. The FAO reported that between 1990 and 2005 Uganda lost 26% of its 
forests (78% in areas around Kampala), and the National Environment Management Authority (NEMA) 
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FIGURE 7. CHARCOAL PRICE IN KAMPALA, UGANDA, 2004�2011

Source: Uganda Bureau of Statistics, 2010 and 2012.
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existing stoves. Threat from existing briquette businesses or new entrants is low. KJS is the �rst large-
scale non-carbonized briquette producer in Uganda. The majorities of briquette producers in Uganda 
are small-scale and are targeting household customer segment. Furthermore, a high investment cost 
is required to start up a large-scale briquetting business. 

Input suppliers (farmers) are key partners as KJS depends on their reliable supply of agricultural waste. 
The processing of commercial crops generates large volumes of biomass residues including rice husks, 
coffee pulp and maize stalks. These, along with sawdust from sawmills and furniture factories, often 
go to waste. Residues are usually simply dumped in large heaps which are then burned to dispose of 
them. Data provided by the government in the Uganda Renewable Energy Policy 2007 suggests that 
1.2 million tons of agricultural residues are available each year.

KJS briquetting business has created employment opportunities and has generated additional 
incomes to its agricultural residue input suppliers. KJS employs about 100 staff at the factory, and 
also uses contractor to collect the residues from the agricultural processors and sawmills and other 

KAMPALA JELLITONE SUPPLIERS LTD.

COMMERCIAL/INSTITUTIONAL USER

FUEL FROM WASTE 
RESEARCH CENTER (FWRC)

AGRICULTURAL 
RESIDUE PRODUCER

LOGISTICS 
COMPANY

AGRICULTURE 
RESIDUE

$

Training, installation of stoves

Briquette $

Transport of 
Agriculture residue $

DISTRIBUTOR

Briquette $

Provide research
expertise on 

briquette production
Training / $

FIGURE 9. KAMPALA JELLITONE SUPPLIERS LTD VALUE CHAIN
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haulage companies to deliver briquettes to customers. The residue producers are paid between USD 
3 and USD 14 (6,000 and 30,000 USh) per ton of residue and earn extra income from something that 
was once regarded as waste. KJS pays a higher price for processed feedstock (already milled) and are 
seeking to supply farmers with milling machines in an attempt to improve transport ef�ciency.

Institutional environment
In order to support alternative clean energy initiatives, government strategy on the demand side is 
dissemination of more energy ef�cient 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 the cost of charcoal.

Several initiatives to conserve biomass resources have been undertaken by government and the 
private sector, including NGOs. These include the promotion of improved stoves and afforestation. 
However, the impact of these efforts is still limited.

Technology and processes
A study conducted by KJS funded by DANIDA in 2002 identi�ed 16 possible agricultural farm waste/
residues, such as coffee husk, rice husk, sawdust, wheat, groundnut husks, etc., that could be used 
for making briquettes. Before production takes place, the agricultural waste undergoes intensive tests 
to ascertain different characteristics including burning characteristics, ash content and the calori�c 
value (Figure 10). At the factory, the residues are sieved (to remove large pieces, glasses and stones), 
pulverized using a hammer mill and dried to a moisture content of 13% using a �ash drier in addition 
to sun-drying. Each agricultural residue is then blended by pouring it into a separate hopper which 
feeds it into a mixing machine to get a homogeneous mixture of different materials with the required 

SIEVING RESIDUE

DRYING RESIDUE (13%)

PULVERIZING RESIDUE

TESTED BIOMASS 
RESIDUES

BLENDING RESIDUES

BRIQUETTING 
(PISTON STROKE) PACKAGING

FIGURE 10. PROCESS DIAGRAM OF KAMPALA JELLITONE SUPPLIERS LTD BRIQUETTING
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proportions. The mixed biomass is fed into the briquetting machine which compresses it using  
a piston stroke. KJS operates two imported electrically-powered piston machines with a combined 
capacity of 1.25 tonnes per hour (3,500 tonnes per year) as well as an industrial drier for drying 
feedstock. However, these machines do not operate at full capacity, limited by the throughput of the 
feedstock drying process. Under pressure, the natural lignin in the agricultural residues binds the 
particles together to form a solid block and thus the use of binders is not necessary in this process. 
Finally, the agricultural wastes are compressed into a solid particle with a heat value of about 14.5 MJ/
kg and packed in sacks (40 kg) ready for delivery. The sacks are held in a dry store until delivery to the 
customers. KJS has also designed an ef�cient briquette-burning stove, for institutions such as schools 
and colleges and for food processing industries. The stove is made from �red bricks with a grate and 
combustion chamber and a chimney to remove the smoke and is constructed on site by KJS staff.

Funding and �nancial outlook
The total investment cost is estimated to be USD 698,964 (Table 6). The owner invested own cash 
towards 85% of the total investment and the remaining was obtained from donors. Operational cost 
including cost of input, labor, utilities, operating and maintenance is estimated to be approx. 238 USD/
ton. Marketing and packaging costs are estimated to be approx. 16.3 USD/ton. To meet growing demand, 
the enterprise plans to expand production. For this it needs to procure 5 briquetting machines with 
production capacity of 750 kg/hr, trucks to deliver farm residues, agricultural milling machines and other 
equipment. The whole project requires about USD 2 million. The United States African Development 
Foundation (USADF) promised to �nance about 12.5% (USD 250,000) of the total capital needs.

KJS produced and sold about 1,530 tons of briquettes at a price of 282.8 USD/ton and installed 1,309 
institutional stoves for USD 740 in 2009. KJS�s sales are estimated to be 1,680 ton of briquettes at a 
price of 282.8 USD/ton (Table 7).

KJS have registered their venture as a CDM project in Uganda and with support from the Belgian 
Embassy are aiming to develop an appropriate methodology for carbon �nancing.

TABLE 6. KJS INVESTMENT AND OPERATIONAL COST OF THE BRIQUETTE UNIT

ITEM AMOUNT (USD)

Investment cost:

Land 232,200

Buildings 227,272

Machinery / equipment 234,492

Environmental impact assessment   5,000

Total investment cost 698,964

Operational costs: USD/ton 

Input cost  129.2 

Labor   23.52 

Operating and maintenance   41.92 

Utilities   42.16 

Marketing   12.16 

Packaging    4.16 

Vehicle maintenance    1.00 

Depreciation    8.00 

Total operational costs 262.12 
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Note
1   KJS has recently introduced additional briquetting line which produces carbonized briquettes to support clients 

who prefer carbonized briquettes as a replacement to charcoal. However, data was not available to incorporate 
cash �ows into the business case.
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CHAPTER 3. SOLID FUEL PRODUCTION FROM WASTE

BUSINESS MODEL 1

Briquettes from agro-waste
Krishna C. Rao and Solomie Gebrezgabher

A. Key characteristics
Model name Briquettes from agro-waste

Waste stream Agricultural farm waste/residues (saw dust, millet husks, ground 
nut shells, wheat bran, maize combs, coffee husks, etc.)

Value-added 
waste product

Briquettes (clean cooking fuel) 

Geography Region with ease of availability of crop residue and 
lack of ease in availability of fuel wood 

Scale of production Medium scale; 1,000�2,000 tons per year of briquettes

Supporting cases 
in this book

Kampala, Uganda

Objective of entity Cost-recovery [  ]; for pro�t [ X ]; social enterprise [  ]

Investment cost range Approx. USD 200,000 to 450,000

Organization type Private 

Socio-economic 
impact

Reduction in deforestation and environmental pollution, reduced indoor air 
pollution resulting in improved health for household and employment generation 

Gender equity Bene�cial to women and children using fuel 
with less indoor air pollution than �rewood; 
time savings in fuel collection for women

B. Business value chain
The business model is initiated by either a standalone private enterprise or agro-industries such as 
coffee processing units or rice mills that generate large quantities of crop residues as waste. The 
business processes crop residues such as wheat stalk, rice husk, maize stalk, groundnut shells, coffee 
husks, saw dust etc. and converts them into non-carbonized briquettes as fuel. Non-carbonized 
briquettes serve as a replacement to natural �rewood and raw biomass fuel. They can also be offered 
as a replacement fuel among rural populations where �rewood is still dominant. Further commercial 
processes such as drying of crop, drying of tea, curing of tobacco and �ring of ceramics/brick can also 
make use of briquettes. The key actors in the business value chain are the suppliers of crop residue 
such as farmers and agro-industries, product distributors and end users of the product: households 
and energy intensive industries (Figure 12).

The characteristics of the agricultural waste including burning characteristics, ash content and the 
caloric value are �rst ascertained before making briquettes. The process of briquetting involves sieving 
of agricultural waste to remove large content such as glasses and stones, pulverizing, drying, mixing 
of different materials with the required proportions, briquetting using high pressure compression such 
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as by piston stroke and using binding agent. The high pressure and resulting high temperature causes 
the lignin (the natural woody material in plants) to �ow and bind the material together. The action of 
the piston pushes the material through a dye, to make a continuous rod about 50 mm in diameter. The 
rod cools in the air and breaks into �sticks� or briquettes about 400 mm long. As multiple crop residues 
with differing calori�c value are the raw material input, it is ideal for the enterprise to collaborate with 
a research institution to �nd a suitable combination of crop residue to produce briquettes with higher 
calori�c value and consistent quality. 

There are two technologies for making briquettes, reciprocating ram/piston press and screw press 
technology. The screw pressed briquettes are generally found to be superior to the ram pressed solid 
briquettes in terms of their storability and combustibility. While the briquettes produced by a piston 
press are completely solid, screw press briquettes on the other hand have a concentric hole which 

ENTERPRISE

HOUSEHOLDS INSTITUTIONS AND 
ENERGY-INTENSIVE

INDUSTRIES

Briqquette $

RESEARCH AND
DEVELOPMENT INSTITUTE

Briquette $

FARMERS AND
AGRO-INDUSTRIES

Technicaal expertise $ Crop residue $

DISTRIBUTOR

Briqquette $

FIGURE 12. VALUE CHAIN OF BRIQUETTES FROM AGRO-WASTE
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CHAPTER 3. SOLID FUEL PRODUCTION FROM WASTE

as the raw material inputs are already part of the carbon cycle. Even for regions with high deforestation 
where wood is used as fuel, briquettes from crop residue will make a strong case for carbon bene�ts. 
However, briquette enterprises are unlikely to be individually able to apply for Clean Development 
Mechanism (CDM) projects due to associated transaction costs, and therefore the preferred route would 
be to apply via producer associations or for carbon offset on Voluntary Emission Reductions (VERs).

D. Alternative Scenarios
The business model can incorporate two additional value propositions in addition to briquette production 
from crop residues: a) produce low cost compost, a by-product from briquette production and b) vertical 
integration of business by manufacturing and selling improved cook stoves and ovens (Figure 14).

Scenario I: Compost production
Production of briquettes results in generation of crop residual waste, which can be used to produce 
compost. The compost can be either sold or given away to the farmers on good will basis and 
strengthen their relationship with farmers for reliable supply of crop residue. The additional key activity 
required for this value proposition is production of compost and related costs incurred. The sales and 
distribution process will be similar to sales of briquettes.

Scenario II: Manufacturing of improved cook stoves
The business model offers scope for vertical integration as the briquette enterprise could potentially 
manufacture improved cook stoves and ovens that use the briquettes produced by the enterprise. The 
improved cook stoves have high social bene�ts for households especially for women and children 
through reduced indoor air pollution. In addition, with improved cooking ef�ciency and reduced 
fuel consumption, household would earn savings. The business model does not require signi�cant 
alteration to its distribution process. The additional key activity required is for the manufacturing of 
improved cook stoves, which has related capital and operational costs. Similar to briquette production, 
R&D is a required activity to design the cook stoves and oven that meet the customer�s requirements. 
The product also requires speci�c marketing and awareness campaign.

E. Potential risks and mitigation
Market risks: Briquettes are targeted for households that do not have access to fossil fuels and that 
are dependent on �rewood for cooking. This customer segment has low market risks in the urban 
areas due to scarcity of �rewood. However, in the rural areas in developing countries the market 
risks for households as customers is high due to free availability of �rewood if picked up from forest/
plantation on community land. The business should target diverse customer base to mitigate these 
risks. It is preferred for the business to have both household and institutional customers. The business 
could also get into bulk contractual arrangement with institutional customers and have assured sales.

Competition risks: Briquettes have strong competition risks from competing alternative products 
such as charcoal, wood, kerosene and lique�ed petroleum gas (LPG). Fuel choice typically depends 
on availability, consumer preference, price, convenience and at times social status associated in using 
certain types of fuels like LPG. Ideally briquette should be targeted to customer segment that uses 
�rewood and charcoal because briquettes can be more competitive, convenient and ef�cient. 

Risks associated with stoves are similar to briquette and there are multiple suppliers of different types 
of stoves in the market. In the case of compost as mentioned above the enterprise could give it away 
for free as goodwill measure to the farmers in exchange for assured reliable supply of crop residues 
which can be procured either directly from the farm gate or have the farmers deliver the agro-waste 
for a fee. A key risk in procuring crop residue from farmers is that with time they are likely to demand 
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