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Vision
“From Waste to Wealth” takes the traditional view of wastewater as an end product to be disposed of
and turns it on its head by suggesting that wastewater is a valuable resource that can be processed into
commercial grade fertilisers and fuel. The vision of “From Waste to Wealth” is that the economic and
social benefits of nutrient recycling, biogas generation, soil amendment and new livelihoods from
wastewater management will be a financial incentive for communities to collect and treat their waste,
forming the basis of a sustainable and affordable wastewater management framework. The goal of this
project was to develop a multi‐sectoral strategy for wastewater that was based on the “Waste to
Wealth” concept. Carrying out this goal involved all wastewater stakeholders to work together to design
a comprehensive framework that will ensure implementation of an appropriate national program in
Uganda.
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I.

Introduction

Grand Challenges Canada granted seed funds to the United Nations University Institute for Water,
Environment and Health and their partners to develop a national framework for wastewater
management in the Republic of Uganda, targeting rural communities and institutions. Digesting human
waste in an anaerobic environment (without oxygen) can create valuable resources from waste that
would otherwise pollute the environment, making water treatment more difficult and expensive and
degrading ecosystem services, such as fisheries and natural flood control. The vision of “From Waste to
Wealth” was that the economic and social benefits of anaerobic digestion would be a financial incentive
for communities to collect and treat their waste, forming the basis of a sustainable and affordable
wastewater management framework. The goal was to develop a multi‐sectoral strategy for wastewater
that is based on the “Waste to Wealth” concept.

II.

Rationale

The Government of the Republic of Uganda is actively reducing environmental pollution, particularly of
Lake Victoria, through for example, the Uganda Pollution Management Strategy. Untreated human
waste represents a significant contribution to this pollution. Furthermore, the Constitution of the
Republic of Uganda recognises the importance of safe water and sanitation to building a better future
and states that “the State shall take all practical measures to promote a good water management
system at all levels.” The Ugandan Government works to maintain an enabling environment that
underpins various initiatives to provide water and promote sanitation to urban and rural communities in
Uganda. However, despite current efforts, there is need for more concerted efforts in the direction of
provision of water and sanitation in order to achieve universal coverage. There is only one year left to
achieve the MDG country targets; nonetheless, a lot can be accomplished within the remaining period.
Significant funds are spent dealing with health issues related to water and sanitation; funds which could
be reduced through developing innovative technologies and reducing health burdens, particularly for
women and children.

III.

Anaerobic Digestion

Anaerobic digestion (AD) is the controlled decomposition of organic matter in the absence of oxygen.
Organic materials are placed into a sealed container in which anaerobic bacteria ‘digest’ organic
material in a fermentation process. Outputs from the AD process are biogas (a gas composed mainly of
biomethane) and a high nutrient, non‐pathogenic bioslurry that can be used as fertiliser or dried and
used as solid fuel.
Gas Compression and Bottling
The gas produced can be used as cooking fuel and to run lights. One 5 m3 digester tank can produce
enough gas in a day to power a light through the night and to cook during the day. On small scales, the
gas is not under significant pressure, so cannot be piped long distances. As such, these basic household
applications require fairly close proximity between the sanitation facilities (or other organic material
source), the digester and the kitchen / living quarters.
In order to make biogas more accessible, it is possible to use larger digesters and compress the gas post‐
production so that it can be bottled, transported and utilised in a similar manner to natural gas. Indeed,
the mechanisms and regulations for delivery and use are already in place given the wide use of natural
gas in Uganda.
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Fuel Briquettes
Although the bioslurry produced through the AD process has a fairly high liquid content (up to 90%), it is
possible to dry it to the point where it can be burned. Either the dried slurry is left as “crumble” and
used in industrial applications such as the cement industry or brick making, or it can be formed into fuel
briquettes and burned in household use. These briquettes can be made solely from the AD slurry, or in
combination with other fuels, such as charcoal dust or sawdust. The main reason why heating values of
bio‐slurry briquettes are lower is due to an increase in ash content within the briquette. As such, when
evaluating the value of bio‐slurry briquettes, it is done on a heating value basis. Air quality associated
with the burning of solid fuels is directly related to the means by which the emissions are controlled. If
utilized inside, regardless of the fuel source, there is a potential of air emissions associated with the
leakage into the indoor environment. The three main emissions associated with burning solid fuels are:
Carbon Monoxide, Hydrocarbons and particulate matter. The emission rates will be largely dependent
on the type of feedstock used. Charcoal and organic wastes/crop residues will have similar types of
emissions, whereas the emissions from either cow dung or human waste will largely vary depending on
those sources.
Soil Amendment and Crop Production
When the organic material has been digested by the bacteria it becomes an odourless liquid called bio‐
slurry which is an excellent fertiliser because the nitrogen in the organic material has been converted to
ammonia allowing for immediate absorption into plants. Moreover, any seeds are destroyed during the
AD process, so weed growth is not a problem. Bioslurry crop and field application can help reverse
current trends of decreasing productivity due to soil nutrient depletion and increase food security, an
ongoing issue in Uganda.

IV.

National Benefits of the Wastewater Management Framework

The National Wastewater Management Framework will:
 Increase the number of people using sanitation facilities;
o Approximately 23 million Ugandans do not have access to improved sanitation, of which
20 million are in rural areas
 Decrease faecal matter in the environment, improving water quality, particularly in lakes;
 Reduce water treatment demands through improved raw water quality;
 Decrease incidents of diarrhoea;
o Approximately 23,000 Ugandans, including 19,700 children under 5, die each year from
diarrhoea, nearly 90% of which is directly attributed to poor water, sanitation and
hygiene
 Provide an alternative fuel source (biogas and/or solid fuel pellets);
 Reduce environmental degradation through deforestation;
 Reduce respiratory illness from poor indoor air quality;
o 75% of Ugandans have reported concerns over respiratory health
 Improve agricultural productivity and soil quality while minimising risk of pathogen
contamination;
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6|Page

 Provide jobs within the wastewater management sector;
 Build up the private wastewater management sector;
 Provide a financial framework that incorporates government, private and community
investments;
o Every 2600 UGX invested in a biogas, latrine and sanitation system returns more than
11,700 UGX
 Improve economic productivity.
o Uganda loses approximately UGX 389 billion ($177 million USD) annually due to poor
sanitation1
o

V.

Uganda loses some UGX 2.3 trillion ($899 million USD) annually due to the effects of
malnutrition2

Costs and Benefits

The AD process, as a source of renewable energy, can be part of a solution to the linked problems
associated with sanitation, energy and agriculture and as such is an important part of a strategy to
improve energy security and waste management while reducing environmental degradation. The
benefits from implementing a national wastewater management framework based on AD in Uganda
include improved community health, environment, economy and income/profit. From each output of
the anaerobic digestion process the benefits vary from reduced wood use and improved water quality
and quantity to reduced physical burden and increased human productivity (Figure 1).
Specifically, the use of fuel from AD can reduce dependence on firewood as a main source of fuel for
cooking. Methane is a cleaner burning fuel that can reduce indoor air pollution and its negative health
effects. Furthermore, by reducing the use of wood for fuel, AD technology can reduce the challenges
associated with deforestation and wood scarcity. Biogas production also saves time for women and
children due to a reduced need for collecting fire wood, which can potentially create improved
educational conditions for children and livelihood opportunities for women. Additionally, national
adoption and scale out of AD technology will create local job opportunities for digester production and
service within the context of an AD business sector. These benefits translate directly into financial
savings and economic growth.
Spin off benefits include profits, either from the sale of AD products and/or the sale of products
generated from the availability of AD products. AD sludge will increase crop productivity when utilised
as a fertiliser, as well as reducing economic and environmental costs of chemical fertiliser use. When
examined at the household scale, improved family nutrition and small food surpluses facilitate poverty
reduction and engagement in the local economy through improved health and therefore productivity,
and/or access to money. AD fuel products can be used in (entrepreneurial) business applications which
increase economic productivity and growth.

1
2

Ministry of Water and Environment Republic of Uganda. (2012). Economic Impacts of poor sanitation in Africa.
World Food Programme. (2013). Malnutrition costs Uganda 5 per cent of GDP.
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Figure 1: Costs and Benefits
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VI.

Framework Development

In July 2013, the first From Waste to Wealth workshop was held in Kampala. The objectives of the
inaugural workshop were to identify i) the key players and roles; ii) existing mechanisms to support
waste to wealth; iii) the gaps and opportunities for scaling out a national strategy; and, iv) understand
the distribution of costs and benefits (both financial and social). Following the first workshop, the
project team, with the help of the Ugandan Ministry of Water and Environment, conducted BMP
analyses to determine the biomethane potential (BMP) of different biomass types (municipal
wastewater, municipal sludge, water hyacinth, fish guts); developed four business case scenarios for AD
(urban, informal, rural, institution); and, continued to consult with various key stakeholders in Uganda
on the development of a national wastewater management framework.

A. Biomethane Potential of Different Biomass Types
The AD process uses organic materials that are otherwise wasted or disposed of and left to decompose
as feedstock for biogas production. Not all waste streams, however, are viable sources of energy. This
can be because they have high water content per unit volume, a large fraction of inert materials within
the feedstock ‐ a high fraction of lignin materials vs. cellulosic materials can take a long time to
breakdown ‐ or because their form and texture are difficult to process. In order to identify waste
streams of potential interest for the production of bioenergy and to promote the increasing utilisation
of bioenergy globally in an efficient, sustainable, economic and environmentally friendly way, it is
important to select adequate waste streams and to maximise biogas production through combinations
of different feedstock ratios.
Biomethane Potential (BMP) Assay
A Biomethane Potential test (BMP) evaluates the amount of methane that is generated per unit mass of
Volatile solids within the feedstock. The Volatile Solids (VS) is the fraction of the total solids which is not
inert and can be consumed by anaerobic bacteria. VS of different feedstocks breakdown at different
rates, and when AD is performed for a fixed time, the amount of VS that is broken down for the given
feedstocks differ. The liquid (water) fraction of any feedstock is not considered VS.
There is abundant literature on protocols used to determine the biomethane potential (BMP) of various
substrates (i.e., wastes). However, these protocols require access to expensive instruments such as
incubators and gas chromatographs, which limits the use of this protocol in certain communities. As part
of this project, a team of researchers at McGill University adapted the biomethane potential assay in
order to rely on simple and more affordable setups and instruments (Appendix I).
The revised BMP assay protocol minimises the capital investment associated with setting up a
laboratory capable of running the BMP assays. The most important changes consisted of replacing the
incubator by a controlled‐temperature water bath and substituting the use of a gas chromatograph (the
most complex and expensive piece of equipment required to run this assay) by a simple to use and
cheaper alternative, a portable methane detector.

From Waste to Wealth: Sustainable Wastewater Management Framework
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Building Laboratory Capacity
In order to build capacity in Uganda, equipment required to undertake
the revised BMP assay (Appendix I) was donated to the National Water
Water Quality Laboratory in Entebbe and personnel were trained in July
2013. A follow‐up training will be offered in February 2014 to ensure that
the equipment is working properly and that the professionals trained are
confident in running the BMP assay. Two technicians were trained and provided with a training video
which can be used to train other technicians as the demand arises. Each technician was presented with a
certificate of completion to recognise their training.
In order to further expand the capacity for testing waste streams for
biomethane production, a second team of scientists, located at National
Water and Sewerage Corporation in Kampala, will be provided training
during our visit in February 2014. Although the lab was already well
equipped to run the BMP assay, some items were missing and the Waste
to Wealth project will donate a second portable methane detector as well
as some supplies required to undertake tests during the training.

B. Scenarios
In developing a national framework for wastewater management centred around AD, it is clear that the
framework will need to be flexible in terms of the different contexts within which sanitation/wastewater
management improvement is required. These contexts include different cultural values, population
dynamics and location constraints. As a result, and based on discussions at Workshop I, four different
community type scenarios were established and used for cost‐benefit analyses of AD solutions. The
community types chosen were urban, informal, rural and institutional, and are further articulated
below.
Urban
The majority of urban residents in Uganda do not have access to centralised wastewater services. In
Kampala itself, only 7% of residents are connected to the sewerage system, with another 6% served by
emptiers who transport waste to the water treatment plant in tankers. In other urban settlements in
Uganda, wastewater is treated in large settling ponds. In order to be as encompassing as possible, and
given that larger cities can either scale up or implement the scenario presented here in a modular way,
population size in this scenario is set to 100,000. Further assumptions include:
 Large AD facilities with an estimated digestion volume of 2,500 m3
 Scale up of emptiers and/or condominium sewerage systems for collection expansion
 Bio‐slurry from AD can continue to be dried and sold as a fertiliser product at $40 per tonne
As part of the Urban evaluation, two sub scenarios were examined whereby in scenario 1, biogas was
utilised in a combined heat and power unit (CHP) and the energy produced was used to offset energy
costs at the plant, or compressed and sold. The utilisation of biogas in a CHP is the most commercially
applied in AD facilities globally. Alternatively, biogas can be compressed and sold as a revenue product.

From Waste to Wealth: Sustainable Wastewater Management Framework
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To compress biogas at a large scale, for example at the Kampala wastewater treatment plant, would
require the installation of a sophisticated and automated compression system. This would increase the
capital investment by approximately $600,000 ‐ $800,000 USD. Further to this, when biogas is
compressed and bottled, it is sold to replace the use of charcoal which has a cost of $0.12 USD per lb.
That equates to an energy value of $0.03 USD per kWh of produced biogas. When you consider the
scale of an urban anaerobic digester, the value of the biogas is far higher if it were to be utilised in a CHP
and make electricity, which is valued at $0.28 USD per kWh. Even with electrical efficiencies of only 41%
in CHP units, the value of biogas to be converted to electricity is more than 3 times that of compressing
and selling.
Utilisation of biogas compression and bottling is an elegant solution where a centralized AD facility is
utilised, however, where there is not local usage of biogas, and where the amount of biogas generated is
not sufficient enough to run a CHP type unit. In these cases, a more economical type of biogas
compression technology can be used and the biogas bottled for use not directly at the AD site.
Informal
Given the high population densities in informal settlements and the land tenure issues, it is challenging
to provide sustainable sanitation services. For the purposes of this study, it is assumed that average
population size is 5,000. It is further assumed that sanitation services will be provided by a third party,
with the costs of service provision covered through the subsequent sale of AD products. This can either
be back to the residents at reduced cost, or to other consumers. For the informal case, two scenarios
were evaluated:
1. Scenario A establishes small AD facilities in each settlement and examines use of the gas to
support local food establishments.
2. Scenario B requires transport of the wastewater to a centralised facility, using either pipes or
trucks. The AD facility would be run by a third party (e.g. emptiers themselves) or by NWSC
through delivery to one of their treatment plants.
Rural
Sanitation coverage in rural communities is inadequate, not just in Uganda, but across Sub‐Sahara
Africa. Difficulties in access, low density populations, and lack of supporting services make rural delivery
challenging. In this scenario, a rural community is assumed to have a population of 10,000. In addition,
as case study is provided (section D) which examines AD opportunities, costs and benefits in a fishing
community, where solid waste, fish wastes and human effluent can be combined to maximise benefits
of AD.
Institutional
Many schools, prisons and hospitals are not connected to central water and sanitations services. As
communities in and of themselves, AD can support both energy needs and food production.
Increasingly, institutions are growing crops for their constituents improved wellbeing, including high
nutrition products for children and new mothers. This scenario assumes a population of 1,000 people.

From Waste to Wealth: Sustainable Wastewater Management Framework
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C. Business Models
For each of the scenarios mentioned in the previous section, a payback analysis was used for each case.
In these analyses, the capital costs required to initially set up the installation are compared to the
potential net annual revenue which could be generated from each scenario respectively. The net annual
revenue considers gross revenues, less annual operating costs. In all cases, payback is considered
directly based on actual cost estimates, and does not include cost variations, or debt costs associated
with any initial capital investment.
For all scenarios, common values for evaluation parameters were used, including biogas revenue per
kWh, bio‐slurry revenue per tonne, bio‐slurry drying and briquetting costs, electricity costs, as well as
operational labour rates. As all scenarios are unique however, different rates for waste/wastewater
transfer are utilised. All evaluation parameters are listed in Appendix II.
The following table summarises the capital costs, net annual revenue and the number of payback years
for each of the scenarios. See Appendix III: Scenario Results for further information on each scenario.
Table 1: Summary of Capital Costs, Revenue and Payback Years for Each Scenario
Scenario
Urban Scenario
Informal Settlement
Scenario A
Informal Settlement
Scenario B
Rural Settlement
Scenario A
Rural Settlement
Scenario B
Institution Scenario
Institution Scenario
Offsetting Electricity

Capital (USD $)
$1,800,000

Annual Revenue (USD $)
$357,742.20

Payback (years)
5.03

$3872

$3,580.12

1.08

$68,488

$23,787.16

2.88

$14,304

$21,997.55

0.65

$29,884
$7,732
$7,732

$30,317.61
$1,553.72
$1,553,72

0.99
4.98
0.63

It is clear from Table 1 that all scenarios have attractive returns on investment, with maximum payback
periods of 5 years. Of greater significance are the smaller scale systems which are solutions for
populations currently best served in terms of sanitation access; these have payback periods of a year of
less. As such, they make economic sense for governments, NGOs, or communities themselves, even in
the absence of social benefit accounting.

D. Economic Benefits
While financial payback and returns on investment are extremely important from the perspective of
fiscal validity and investor engagement, the benefits of implementing AD to address poor sanitation
access are far broader. In order to demonstrate some of the additional (economic) benefits, a simple
analysis was undertaken to calculate the increased income available per capita as a result of decreased
diarrhoea linked to improved sanitation (Table 2). Conservatively, between 7 and 22 % of income can be
freed up with the assumption that AD associated sanitation would decrease diarrhoea costs by 30 to 60
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% (respectively). This can be compared to Hutton’s (2013) analysis which estimates a per capita benefit
of approximately $90 for universal sanitation.
Table 1: Estimated Costs of Diarrhoea and Benefits Associated with AD in Uganda

Cost of Healthcare
Cost of Lost Wages
Cost of Lost Productivity
Cost Saving per Capita

% of Income (High)
26%
9%
2%
22%

% of Income (Low)
13%
9%
2%
7%

E. Case Study: Kiyindi
An evaluation of each business model listed in the previous section are available within the appendices
of this document, however, to provide a specific case study in terms of implementation and impact, the
rural fishing community of Kiyindi was evaluated. At first glance, the Kiyindi community will follow the
model used for a rural community. The noted population base of Kiyindi is approximately 20,000
people, which is twice as much as the population base modeled in the rural scenario. This on its own
gives Kiyindi a substantial base feedstock that can be utilised in AD, but Kiyindi also has several other
avenues of organic wastes which can be used to increase feedstocks to AD. The community currently
has some existing toilets and septic tank systems, which can continue to be used for wastewater
collection purposes. To incorporate AD however, a centralised cluster of AD tanks would need to be
located within the community, and the wastewater from the existing septic tanks fitted to be pumped or
flushed to the AD facility. By setting up a new AD cluster centralised in the community, likely within the
confines of the newly constructed fish processing facility, the potential to add additional organic
feedstocks is plausible for this installation.
A centralised AD system is reliant on having a single owner/operator in charge of maintaining as well as
managing feedstocks and revenue products. In the case of Kiyindi, the Beach Management Unit, on
behalf of the community, would be the appropriate manager of the AD facility, and as such it is
synergistic to locate directly within the new fish processing facility.
The most immediate available feedstock is the organic fraction of the refuse within the community. As
seen from the photo below, organic matter makes up approximately 70% of the refuse, and if properly
separated, could be slurried and used as feedstock into the AD system. Based on the 20,000 person
population of Kiyindi, about 1,500 kg per day of refuse is created.
It is not reasonable to consider that the entire organic fraction of the refuse is
diverted, in fact in this study it was considered that only 25% of the organics
were diverted from refuse piles. This fraction could be increased if incentives
were put in place to encourage the community members to separate their
refuse. One potential opportunity is to provide the community with trade
value for organic wastes, whereby they could be traded in whole or in part for
fuel briquettes, or even drinking water.

From Waste to Wealth: Sustainable Wastewater Management Framework
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In addition to the organic waste, as a fishing
community, Kiyindi has ample organic wastes
which are derived from processing fish.
Between Tilapia, Nile Perch and Mukene about
12 tonnes per day is sorted in Kiyindi, most of
which is quickly processed and shipped out of
the community.
However, about 1 tonne per day is sold locally. Considering the processing which occurs, as well as the
local consumption, it is easily plausible that of the 12 tonnes landed per day ½‐1 tonne fish waste could
be captured per day and used as feedstock into AD.
Finally, another challenge faced by the fishing communities, such as
Kiyindi on Lake Victoria is the presence of water hyacinth. This plant
makes it difficult for launching boats and fishing, and can contaminate
the catch as well as being an important habitat for snails which are
responsible for bilharzia (schistosomiasis) infections. If harvested
however, water hyacinth could be slurried and fed into AD as an
additional feedstock.
Although all of these feedstocks are valuable to the AD process, they do not produce the same amount
of biogas as wastewater sludge does. In the simplified schematic shown below, a local AD facility
located in Kiyindi is fed with 4 types of feedstock: wastewater from the community toilets; Fish waste
from the sorting process; organic wastes separated from community refuse; and harvested water
hyacinth from Lake Victoria. All of these feedstocks are co‐digested within the AD, producing the
equivalent of 101 kW of energy as biogas. The remaining bio‐slurry is removed from the AD, dried and
then briquetted, leaving 1,571 lb per day of solid fuel.
Poten al uses
Toilet

Poten al sources of waste

BIOGAS
Fish
Waste

Local AD

Organic
Wastes

Drying Beds

Water
Hyacinth

Brique es
prepara on

BRIQUETTES

Figure 2: Simplified Schematic of Local AD Facility
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In all cases in this framework an AD duration of 20 days is used. This is the time any fraction of
feedstock resides in the digester. Based on an AD duration of 20 days, the BMP’s for the identified
feedstocks are as follows:

Feedstock
Wastewater Sludge
Organic Food Waste
Fish waste
Water Hyacinth

Table 3: BMP’s for Identified Feedstocks
Feedstock Solids %
VS % of the total
Feedstock Solids
4‐5%
80%
30‐50%
80%
29%
89%
7‐10%
81%

Feedstock BMP (ml
methane / g VS fed)
300 – 350
330
250‐280
165‐190

Based on these BMP’s the following daily feedstocks are considered to be available to the Kiyindi AD
facility:

Feedstock
Wastewater Sludge
Organic Food Waste
Fish waste
Water Hyacinth
Total Biogas Energy

Table 4: BMP’s for Identified Feedstocks in Kiyindi
Daily wet Feed Rate (kg/day)
Estimated Daily Methane Production
m3/day (eq kW)
16,000
193 (100)
1,500
35 (18.4)
500
10.8 (5.64)
500
7.7 (4)
129 kW

In this case study, of the 101 kW of energy available from biogas, some is to be made available to a
community facility. In this study, it is assumed that the biogas generated will be used for two means: to
provide an energy source for either cooking or lighting free of charge to community schools or medical
clinics; and to be the fuel source used to manufacture ice for the refrigeration of fish caught and
transported. Based on the masses of fish caught and considering there is an equal tonne of ice for every
tonne of fish, 84 kWH of energy is required to produce one tonne of ice using an absorption chiller.
Given the daily fish tonnage, in addition to incorporating a safety factor, approximately 50 kW of the
biogas, half of what is produced, will be used for producing ice. The remaining 51 kW is available to be
used in the local schools or clinic. Utilizing biogas to make ice reduces the need to purchase either
electricity or kerosene/propane to fuel the absorption chiller. In the case of offsetting the use of
Kerosene, the annual savings would be $43,035 USD / year.
In addition to the cost offset of using the biogas beneficially, the remaining bio‐slurry coming from the
AD could be dried in drying beds, then briquetted and used as a solid fuel. The dried solids weight of the
bio‐slurry leaving the digester is 1,571 lbs per day, which has a heating value of about 6,800 btu per lb.
In comparison, charcoal has a heating value of 12,800 btu per lb As such, to replace charcoal, based on
the heating value, for every pound of charcoal replaced, 1.88 pounds of bio‐slurry briquettes are
required.
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Based on the mass of the briquettes generated, over 300,000 lbs of charcoal could be offset, and the
potential revenue of $68,822 USD per year is available. In order to realise this, a sizeable capital
investment is required, totaling an estimated $104,928 USD. This investment considers the need for:











AD tanks
Refurbishment to existing septic tanks
Additional toilet facilities
Wastewater transfer system from septic tanks to AD
Organic waste slurry system
Biogas Distribution System
Biogas Fired Absorption Chiller
Ancillary equipment for Chiller
Ice Storage
Briquetting machines

In addition, the annual operating costs are $45,489 USD which includes: operations labour; energy to
operate wastewater transfer system; and, energy to operate the organic waste slurry system, and
maintenance costs for mechanical equipment.
In total however, as shown in the table below the simple payback is just over 1.5 years.
Table 5: Payback Analysis
Capital Investment
$104,928 USD
Annual Operating Costs
($45,489 USD)
Annual Cost Avoidance Ice Making
$43,035 USD
Annual Briquette Revenue
$68,822 USD
Net Annual Revenue (Revenue less operating costs)
$66,368 USD
Payback on Initial Investment
1.58 years

This means that in future years, based on this scenario, the community makes a profit of up to $66,000
which can be used to expand water, sanitation and other social services to the community. In addition
to the monetary benefit and expansion of the community services, there are several other qualitative
benefits which would be seen:





VII.

Reduction of 96 tonnes per year of garbage
Reduction in the need to harvest hardwood to create charcoal
Potential to reduce contamination of local environment
Potential to reduce water hyacinth population

Framework

During the first workshop, the participants developed three draft wastewater management frameworks:
a process framework; a management framework; and, an implementation framework. The three
frameworks were used to guide the creation of a draft AD National Supporting Framework (Figure 3)
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using the following criteria identified for success: framework management; regulations and
environmental licensing; programme financing; disbursement of grants / incentives / loans;
manufacturing, sales and service; third party operators; and gas compression and transportation.
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Figure 3: Draft AD National Supporting Framework
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APPENDIX I: BMP Assay Protocol
This protocol and related videos are recommended methods for evaluating biomethane production, but
McGill University, Anaergia and UNU‐INWEH bear no responsibility for the health and safety of
individuals using these methods in a laboratory setting outside our institutions.
It is recommended to wear the appropriate personal safety equipment, to work in a chemical fume hood
whenever possible and to autoclave biological waste prior to disposal.
An overview of the steps in the protocol for determining biomethane potential are below. For the full
protocol please contact inweh.contact@unu.edu.
1. Dry and bake the sample
a. Back the sample in a muffle furnace at 550°C for 1 hr
2. Prepare the biodigesters
a. Prepare bottles for each waste sample to be tested and blanks with only fresh digestate
3. Monitor biogas production
a. Every second day for the first week and then twice a week until biogas production
ceases.
4. Conduct BMP Calculation
The table below lists the equipment required to conduct BMP tests.

Table I.1: Equipment Required
Lab supplies
500‐mL sampling bottles (24)
Methane standard gas cylinder
500‐mL Wheaton bottles (12)
Watch glasses (6)
Frictionless gas syringe (50 mL)
Gloves
Gas
Lab equipment
Water bath (28L)

500‐mL sampling jars (24)
Weighing dish (500)
Wheaton septa caps (12)
Dish Tong
Needles
Safety glasses (5)

Graduated cylinder (150 mL)
Scoopula (3)
Butyl rubber Septa (24)
250‐mL evaporating dish (6)
Gas bags (10)
Lab coats (5)

Analytical balance (0.01g)

Methane detector
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APPENDIX II: Common Model Parameters
Parameter
Electricity Cost
Charcoal Cost
Dried Bio‐Slurry Fertiliser Value
Biogas Methane Content
Charcoal Heating Value
Bio‐Slurry Briquette Heating Value

Value
700 UGX / kWh ($0.28 USD / kWh)
$0.12 USD / lb
$40 USD / Tonne
60%
12,800 btu/lb
6,800 btu/lb
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APPENDIX III: Scenario Results
Urban Scenario
For the Urban Scenario, wastewater from a population base of 100,000 was considered as the only
feedstock. In this case, the sludge within the wastewater was separated from the liquid fraction prior to
any aerobic degradation, and processed through AD. Conservatively, it was assumed that only 60% of
the total sludge was diverted to AD, with the rest continuing with the liquid fraction through aerobic
treatment. This would be representative of the amount of wastewater sludge which is currently
processed through the Kampala Municipal wastewater treatment plant.
For the sludge/solids diverted to AD, typical municipal sludge values of about 80% volatile solids (non‐
inert) were assumed. In typical AD treatments, sludges are held within the digester for 15‐30 days,
resulting in 50‐60% of the volatile solids being consumed by anaerobic bacteria and biogas produced as
part of the process. Considering the sludge of a population base of 100,000 people, and applying the
factors mentioned above, the application of AD in a centralised facility has the potential of producing
biogas with an equivalent of 548 kW of continuous theoretical energy. This can be converted into
electricity for use in the wastewater treatment plant though a combined heat and power (CHP) unit.
The sludge output from AD will have been stabilised by the AD process, as well as pathogens having
been nullified (extent of pathogen nullification is dependent on the temperature at which digestion is
performed). The total dry mass of biosolids remaining after AD and subsequent drying in drying beds is
1,055 tonnes per year. Currently at the Kampala wastewater treatment plant, the dried sludge from
standard treatment is sold as fertiliser for $40 per tonne. This could be maintained for dried biosolids
resulting from the AD process, with the potential of achieving a higher price per tonne as there is a
reduced pathogen content and increased nutrient content per volume. Alternatively, the biosolids could
be briquetted and sold as a solid fuel. In the payback analysis, the sale of biosolids as fertiliser or as a
solid fuel source was not considered, as this is already an established revenue source through current
sales as fertiliser.
Figure III.1, below, depicts the overall urban process. In this scenario where the biogas is used in a CHP
unit, the biogas is used to create 225 kW of electricity and 236 kW of thermal heat energy on a
continuous basis. Considering that the electricity generated could be used in the wastewater facility, or
exported to the grid, the annual revenue potential is $503,000 USD, considering electricity prices of
$0.28 USD per kWh.

From Waste to Wealth: Sustainable Wastewater Management Framework

23 | P a g e

Figure III.1: Urban Scenario
Biogas
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Heat

CHP
41%
225 ekW
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Treatment
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Drying Beds

Anaerobic Digestion

Fuel
Fertilizer

3380 lb Coal Offset/day
OR
$40 /tonne
$115.67 /day

40%
Trickling Filters

The payback analysis for this Urban scenario considers a capital expenditure of $1.8 Million USD,
covering the refurbishment of the existing anaerobic digesters at the Kampala wastewater treatment
plant, as well as the supply and installation of biogas conditioning and CHP facilities. The required
volume of the digester is 2,500 m3. In the case of a new build facility, a digester of this capacity could
be erected utilising an epoxy coated steel bolted tank, which is common in biogas plants in Europe as
well as North America.
On an annual basis, the operating costs associated with dedicated parasitic load as well as labour and
maintenance are applied, and deducted to the gross annual revenue. As such, the net annual revenue
equates to $358,000 USD. Considering the capital expenditure, and this annual revenue, the simple
payback is 5.03 years (Table III.1).
Table III.1: Payback Analysis for Urban Scenario

Capital Investment
Digester Refurbishment
CHP & Gas Handling 250kW

Unit
$ USD
$ USD

Cost

Net OPEX
Additional Parasitic Load
Digester Maintenance Costs
CHP Maintenance Cost $/kWh produced
Electricity Offset

$
0.28
$0.02 on 30% CAPEX
$
0.03
$
0.28

$
$
$
‐$

71,540.00
20,000.00
53,913.86
503,196.06

‐$

357,742.20

NET OPEX

1000000
800000

Simple Payback
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Informal Settlement
For the informal settlement scenarios, a population base of 5,000 people per settlement is considered.
For all evaluations, however, it is assumed that only 50% of the wastewater generated within the
settlement is captured. Otherwise, all parameters concerning the wastewater remain consistent as
described in the Urban case study and Appendix II.

Scenario A
Scenario A looks at the case where the wastewater from the settlement is collected in centralised toilet
facilities and treated in small scale local AD facilities (Figure III.2). In this case, it is assumed that the
toilet facilities are free to use for the community and maintained by a third party who invested in the AD
installation. As part of the facility maintenance, the third party investor manages the transfer of
wastewater from the centralised toilets to the local AD. This is done either by trucks or by above‐
ground/shallow dug flexible pipelines and intermittently run pumps.
Figure III.2: Informal Settlement Scenario A
Biogas use Locally:
A) Pay for use ‐ Local Market
B) Pay for use communal cooking

Toilet

Scenario #1
Local AD

Per 5,000 pop.
Biogas Production
13.8
kW

Waste Emptiers Collect Digestate
Dried and briquetted, sold by Waste
Emptiers

Charcoal Offset
88 lbs/day
$ 10.58 /day

Per 5,000 pop
Briquette Prod.
Charcoal offset
265 lbs/day
141 lbs/day
$ 16.90 /day

Assuming a capture rate of 50%, the wastewater from a community of 5,000 people can generate 13.8
kW of biogas on a continuous basis. This biogas is an available revenue source for the toilet/AD
operator to sell in the local market for cooking and/or lighting. The biogas generated can offset the use
of charcoal as a heat source at a rate of 88 lbs per day. As this use of biogas is a direct replacement for
charcoal, the revenue potential is $0.12 USD per lb of charcoal offset. As such, the annual revenue
potential from the biogas is $3,860 USD.
In addition to the biogas generation, the bio‐slurry remaining after AD has the potential to be sold as a
solid fuel due to the remaining heat value. In order to realise this, the bio‐slurry must be dried locally
within the community in a drying bed, and then subsequently briquetted. Managed by the same third
party as the AD, the revenue potential of selling the briquettes as a charcoal replacement, where the
heating value of the briquettes are 6,800 btu per lb compared to a charcoal heating value of 12,800 btu
per lb yields $6,168 USD annually. This, combined with the revenue from biogas, yields an annual gross
revenue of $10,028 USD.
However, there are operating costs associated with realising this revenue. In order to transfer
wastewater from centralised toilets to the AD facility by truck, even when co‐located in the community,
will cost approximately $12 per day ($8 fuel / $4 driver). Additionally, maintaining the drying bed and
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the briquetting operation will cost an additional $5.67 per day. As such, in order to realise the predicted
revenue, an annual operating cost of $6,448 is required, leaving a net annual revenue of $3,580 USD per
year (Table III.2).
The capital investment for this scenario includes 2 toilets, a wastewater holding tank, and 2 anaerobic
digesters (available for purchase from Crestanks) as well as a briquetter. The total capital investment is
$3,872 USD.
This investment scenario would have a simple payback of 1.08 years. This payback could be extended
depending on additional factors, such as the need to purchase/rent land for drying beds, downtime due
to maintenance on the AD or theft. However, it is expected that none of these factors would extend the
payback past 2 years.
Table III.2: Payback Analysis for Informal Settlement Scenario A

Capital Investment
Cresttanks Digester(2)
Crestanks Holding Tank/Toilets
Briquetter
Net OPEX
Daily Emptying costs
Briquetting Costs
Biogas Revenue
Briquette Revenue
NET OPEX

Unit
$ USD
$ USD
$ USD

Cost
$
$
$

$12 $
$5.67 $
At cost of Charcoal ‐$
At cost of Charcoal ‐$
‐$

Simple Payback
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2,082.00
70.00

4,380.00 /year
2,068.33 /year
3,860.28
6,168.18
3,580.12
1.08 Years
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Scenario B
Sscenario B, is similar to scenario A in that toilet facilities are located within each settlement. In
scenario B, however, wastewater is either pumped or flushed to a centralised AD facility instead of being
transferred to a local AD unit in the community (Figure III.3). This enables the wastewater from several
communities to be treated in a single digester or digester cluster. Furthermore, it minimises the
challenges associated with collecting and handling of wastewater within the settlements by using a
distanced facility where handling can be controlled.
Figure III.3: Informal Settlement Scenario B
Biogas use:
Biogas Production
A) Compression for Sale as Kerosene
55.1 kW
Replacement

Flush Water
Toilet

Toilet

Centralized
AD

Waste Emptiers Collect Digestate
‐ Dried and briquetted, sold by Waste
Emptiers

Charcoal Offset
352.5368 lbs/day
$ 42.30 /day

Briquette Prod.
1060 lbs/day

Charcoal offset
563 lbs/day
$ 67.60 /day

Toilet

Toilet

In this scenario, multiple settlements can be linked for greater economies of scale. In the scenario
evaluated, four 5,000 person settlements were linked through this system whereby the wastewater
collected in the “in‐settlement” toilets were transferred to a centralised AD facility. In this scenario, as
there is not necessarily a proximate consumer for the biogas, the gas is subject to compression and
bottling for sale to a wider market, as an offset to the purchase of kerosene or charcoal. Again,
considering only a 50% capture rate of waste, the equivalent amount of biogas per community equates
to 13.8 kW. When considering the waste of 4 settlements combined, the total potential biogas is over
55 kW continuously. When considered against the use of charcoal, the offset is 353 lb per day of
charcoal. Assuming a price of $0.12 USD per lb of charcoal offset, the biogas generated has a revenue
potential of $15,441 USD annually.
In addition to the biogas generated, revenue is available by drying and briquetting the bio‐slurry. As in
scenario A, the heating value of the briquettes is approximately 6,800 btu per lb, which is slightly more
than half that of charcoal at 12,800 btu per lb. Considering a value of the briquettes based on the
heating value offset of charcoal, and assuming the ability to gain $0.12 per lb of charcoal offset, the
annual generation of 176 tonnes per year of briquettes could generate revenue of $24,672 USD.
However, the investment costs in this scenario are higher than that of the in‐settlement scenario. In this
scenario, the following capital investments are required, totaling to an initial outlay of $68,488 USD:


Toilets (2 per settlement) and holding tanks (1 per settlement)
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Wastewater flush or transfer system
Anaerobic digesters (Qty 4)
Biogas compression system
Briquetter

Additionally, the annual operating costs for this system are estimated at $16,327 USD, which includes:




Wastewater transport energy / truck system
Biogas compression operation energy (electricity)
Briquetting operation costs

Table III.3 summarises the capital and operating costs and fuel sale revenues, demonstrating a simple
payback of 2.88 years for this scenario.
Table III.3: Payback Analysis for Informal Settlement Scenario B
Capital Investment
Digester
Crestanks Holding Tank/Toilets
Holding Tank Flush system
Biogas Compression
Briquetter
Net OPEX
Flushing / Compression Operations
Briquetting Costs
Biogas Revenue
Briquette Revenue
NET OPEX

Unit
$ USD
$ USD
$ USD
$ USD
$ USD

Cost
$
$
$
$
$

Estimate

$
$17.33 $
At cost of Charcoal ‐$
At cost of Charcoal ‐$
‐$

Simple Payback

6,880.00
8,328.00
3,000.00
50,000.00
280.00

10,000.00 /year
6,326.67 /year
15,441.11
24,672.72
23,787.16
2.88 Years

For the case of a centralised AD system for multiple informal communities, there is enough bio‐slurry
generated such that, instead of being sold as a solid fuel, the dried bio‐slurry could be sold as a fertiliser
product. At the Kampala wastewater treatment plant, the dried product from standard treatment
processes is sold for $40 per tonne. However, if the bio‐slurry from the centralised AD were to be dried
and sold at this rate, the value on a per pound basis would only be $0.018 per lb of dried bio‐slurry,
whereas when sold as a briquette fuel product, the slurry would be worth an extra $0.06 per lb.
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Rural Settlement
In all Rural Settlement applications, a population base of 10,000 people was assumed. Within this, two
different scenarios were evaluated with Scenario A only considering the wastewater generated by the
population base, while Scenario B considered not only the wastewater from the community, but also
organic wastes. These organic wastes compose approximately 70‐80% of the refuse disposed of in
common locations within the community. The capture of organic wastes from the refuse is beneficial,
not only for the sanitary advantages, but for the reduced frequency of refuse transport out of the
community.

Scenario A
Conservatively, it was assumed that 50% of the wastewater which would typically be generated from a
population base of 10,000 was captured through the common community toilets and sent to AD for
processing. Based on this capture, the potential generation of biogas is 27.6 kW of continuous energy
availability. Different from other scenarios, a fraction of this biogas is considered to be utilised in a
community facility (e.g., a clinic Figure III.4). It was assumed, for this study that 10 kW of biogas
(equivalent of two appliances) would be diverted to one of these off takers. The remaining biogas (22.6
kW) would be available for sale through direct use. Based on the ability to offset 144 lb per day of
charcoal, when sold at $0.12 per lb offset (1/2 the market cost of charcoal), the revenue potential from
biogas in the rural community is $6,320 USD annually. For communities such as the fishing community
of Kiyindi, the additional biogas would be valuable for use in the fish processing market, or other similar
scenarios depending on the location. The biogas revenue is minor compared to the potential revenue
from sale of the bio‐slurry as a solid fuel. In order to realise the value of the bio‐slurry as a biofuel, the
slurry must first be dried within drying beds, and then briquetted. Within communities such as the one
modeled, it is assumed that there is a single entity which is responsible for the owning and maintaining
of all facilities, as well as the production and sales of the revenue products.
Figure III.4: Rural Settlement Scenario A
Biogas use Locally:
A) Use in Medical Clinic or School
B) Pay for use

Toilet

Local AD

Per 10,000 pop.
Charcoal Offset
Biogas Production
27.6 kW
176 lbs/day
5kW to clinic/sch
$ 3.84 /day
Remainder for Sale
$ 17.31 /day

Bio‐Slurry
A) Dried in Drying beds, Briquetted, and
Sold $0.12/lb

Per 10,000 pop
Briquette Prod.
530
lbs/day
$

Charcoal offset
282 lbs/day
63.62 $/day

Based on the modeled rural community, 88 tonnes of solid fuel in the form of briquettes can be
generated each year. The typical heating value of biosolids briquettes is 6,800 btu per lb, compared to
12,800 btu per lb of the charcoal it would offset. As such, the value of the briquettes is based on the
mass of charcoal they would offset. In this case, based on the production of 88 tonnes per year, and the
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difference in heating value, approximately 103,000 lbs of charcoal could be offset, with a potential
annual revenue of $23,221 USD, considering that the briquettes could be sold at $0.12 per lb.
When the revenue from biogas and briquettes are combined, the total annual revenue is $29,541 USD.
In order to realise this, a capital investment of $14,304 USD is required. It was assumed, for this case,
that ample land is available to dry the bio‐slurry prior to briquetting and thus not included in capital
investments required. Thus, the capital investment covers the following:





Toilets (4) and septic tanks (2)
Flush system from holding tanks to AD
Anaerobic digestion tanks cluster (4)
Briquetter

From an operational perspective, the annual estimated operating costs are $7,543 USD, which
considers:



Energy required to operate the wastewater flushing system, from septic tanks to digesters
Labour and operations associated with the drying and briquetting process

Considering the capital investment described, a simple payback analysis indicates a payback of 0.65
years. This is considering the net annual revenue of $21,997 USD (Biogas and Briquette Revenue less
operating expenses) (Table III.4).
It should be noted that this scenario is particularly attractive due to the fact that the cost of briquetting
biosolids is relatively low compared to its apparent value.
Table III.4: Payback Analysis for Rural Settlement Scenario A
Capital Investment
Digester
Holding tank Flush system
Crestanks Holding Tank/Toilets
Briquetter
Net OPEX
Flushing Operations
Briquetting Costs
Biogas Revenue
Briquette Revenue
NET OPEX

Unit
$ USD
$ USD
$ USD
$ USD

Cost
$
$
$
$

Estimate

$
$8.67 $
At cost of Charcoal ‐$
At cost of Charcoal ‐$
‐$

Simple Payback
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6,000.00
4,164.00
700.00

4,380.00 /year
3,163.33 /year
6,319.50
23,221.38
21,997.55
0.65 Years
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Scenario B
In comparison to Scenario A for a rural settlement, Scenario B considers not only the feedstock of
wastewater, but the organic waste fraction of the refuse which is created by the population (Figure
III.5). For a population base of 10,000, it is considered that 1,500 kg of refuse is created daily, of which
70% is organic. In practical application, diversion of organic wastes from refuse piles is completely up to
the population, and as such only 25% of the organic material which is in the refuse is considered here as
a feedstock for AD.
Figure III.5: Rural Settlement Scenario B
Biogas use Locally:
A) Use in Medical Clinic or School
B) Pay for use Food Processing
C) Common Pay per use Cooking

Toilet

Local AD

Per 10,000 pop.
Biogas Production
Charcoal Offset
56.4 kW
361 lbs/day
5kW to clinic/sch
$
3.84 /day
Remainder for Sale
$
39.43 /day

Beach Association Collect Digestate
A) Dried in Drying beds, Briquetted, and Sold
$0.12/lb
B) Potential Fair Trade ‐ Organic waste for
Drying Beds

Per 10,000 pop
Charcoal offset
Briquette Prod.
530 lbs/day
466 lbs/day
$ 105.20 $/day

Briquettes

Organic
Wastes

In scenario A, 27.6 kW of biogas is created from the wastewater alone along with 88 tonnes per year of
dried biosolids briquettes. Inclusion of organic wastes into the AD needs to be pre‐processed to form
them into a slurry prior to AD. As such, a capital investment to slurry the organic wastes is included in
this evaluation. With the inclusion of the diverted organic waste into the AD system, the biogas created
is increased to 56.4 kW, and results in 145 tonnes of biosolids briquettes. The capital expenditure for
this scenario increases to $29,884 USD through the addition of the organic waste slurry system to the
investment costs associated with Rural Scenario A.
On the operational side, slurry system operating costs are added to the operating costs defined in Rural
scenario A, and result in an annual operating cost of $22,473 USD. However, the revenue generated is
increased significantly due to the increase in biogas generation, as well as the increased availability of
solid fuel briquettes. As such, the revenue before operating costs increases to $52,791 USD. The annual
net revenue is $30,618 USD after deducting operating expenses. Table III.5 below itemises the simple
payback for this scenario, which results in a payback of 0.99 years.
The added benefit of utilising organic wastes from refuse in AD is that it reduces the buildup of refuse
deposits in common community areas. Not only does this have a positive sanitation impact, but it also
results in reduced costs of transport and disposal of refuse in communities which have a materials
handling plan in place.
From Waste to Wealth: Sustainable Wastewater Management Framework
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Table III.5: Payback Analysis for Rural Settlement Scenario B
Capital Investment
Digester
Holding tank Flush system
Crestanks Holding Tank/Toilets
Organic Waste Slurry System
Briquetter
Net OPEX
Flushing Operations
slurry system operations
Briquetting Costs
Biogas Revenue
Briquette Revenue
NET OPEX

Unit
$ USD
$ USD
$ USD
$ USD
$ USD

Cost
$
$
$
$
$

Estimate
Estimate

$
$
$14.33 $
At cost of Charcoal ‐$
At cost of Charcoal ‐$
‐$

Simple Payback
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4,300.00
6,000.00
4,164.00
15,000.00
420.00

7,242.62 /year
10,000.00 /year
5,230.78 /year
14,392.93
38,398.08
30,317.61
0.99 Years
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Institution Scenario
The Institution scenario is somewhat unique compared to the others, as typically, the reason for
implementation of AD is not revenue generation but rather the use of AD products to offset the
operating costs of the institution. For this case study, an institution population of 1,000 was considered
which could be representative of a school, hospital or jail. A population of 1,000 is the minimum
plausible population for this scenario, and results in the longest payback. As population bases increase,
the payback analysis would reduce payback time.
For every 1,000 person population base at an institution and utilising AD with only the created
wastewater from its inhabitants, 5.5 kW of biogas equivalent is created. This amount of biogas, while
small, can be utilised for two biogas appliances such as a stove or lights. In this case, as the biogas is
used directly within the institution, biogas would directly offset the use of charcoal. As such, for an
institution with a population of 1,000, the amount of charcoal offset would be 12,868 lbs annually
resulting in an annual savings of $1,544 USD.
Additionally, the remaining bio‐slurry, when dried and briquetted would result in offsetting an additional
20,561 lbs of charcoal, providing an annual savings to the institution of $2,467 USD annually (Figure
III.6).
Figure III.6: Payback Analysis for Institutional Scenario

Per 1,000 pop.
Biogas use Locally:
Biogas Production
A) Use in Institution Kitchen / Lighting
5.5 kW

Charcoal Offset
35 lbs/day
$ 4.23 /day

Bio‐Slurry
A) Directly spread on small agricultural field Local
B) Drying Bed, followed by Briquetting for supplemental cooking Fuel
Toilet

Local AD

Drying Beds

Per 1,000 pop
Briquette Prod. Charcoal offset
106 lbs/day
56.3 lbs/day
$ 6.76 /day

Briquettes

The simple payback for this scenario is 4.98 years, considering a capital investment of $7,732 USD, and
an annual net cost avoidance of $1,554 USD (Table III.6a). The annual net cost avoidance is the savings
in charcoal costs due to the biogas and briquettes less the operating costs for the AD, bio‐slurry drying
and briquetting.
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Table III.6a: Payback Analysis for Institutional Scenario without electricity
Capital Investment
Digester
Holding tank Flush system
Crestanks Holding Tank/Toilets
Briqetter
Net OPEX
Flushing Operations
Briquetting Costs
Biogas Fuel Offset
Briquette Fuel Offset

Unit
$ USD
$ USD
$ USD
$ USD

Cost
$
$
$
$

Estimate

$
$4.33 $
At cost of Charcoal ‐$
At cost of Charcoal ‐$

NET OPEX

‐$

2,580.00
3,000.00
2,082.00
70.00

876.00 /year
1,581.67 /year
1,544.11
2,467.27
1,553.72

Simple Payback

4.98 Years

A payback of almost 5 years may make it difficult for an institution to implement AD, due to initial outlay
costs. As such for institutions the use of AD may be more advisable should the population base be
larger. Alternatively, the payback of AD to institutions can be reduced by other means. For example, if
the biogas generated could be used to offset electricity rather than charcoal, then the savings in
electricity costs could be over $13,000 USD annually, reducing the payback to less than a year (Table
III.6b).
The potential to bring in additional feedstocks, such as food waste from the kitchen, would increase the
biogas generation and potential for solid fuel. However, the additional costs to slurry those food wastes
would likely nullify their benefit from a payback perspective at this system size range.
Table III.6b: Payback Analysis for Institutional Scenario with Electricity
Capital Investment
Digester
Holding tank Flush system
Crestanks Holding Tank/Toilets
Briqetter
Net OPEX
Flushing Operations
Briquetting Costs
Biogas Fuel Offset
Briquette Fuel Offset
NET OPEX

Unit
$ USD
$ USD
$ USD
$ USD

Cost
$
$
$
$

Estimate

$
$4.33 $
Replacing electricity ‐$
At cost of Charcoal ‐$
‐$

Simple Payback
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2,580.00
3,000.00
2,082.00
70.00

876.00 /year
1,581.67 /year
12,343.61
2,467.27
12,353.21
0.63 Years
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APPENDIX IV: Anaerobic Digestion Technology Delivery Structure
In order to develop a sustainable AD sector, there has to be demand in the general population for the technology, its benefits (such as access to
toilets) and its products. There has to be a manufacturing base and association construction/installation technical capacity to be able to supply
the demand and maintain services. Supporting structures include financing, regulation and oversight. Figure IV.1 presents both an ideal delivery
structure and the current sector status in Uganda.
Figure IV.1: Comparison of Ideal and Actual Uganda AD Technology Delivery Structure
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APPENDIX V: Anaerobic Digestion Stakeholder Network
In addition to and emerging from the delivery framework, there are multiple stakeholders who support a healthy and AD sector (Figure V.1)
Figure V.1: Anaerobic Digestion Stakeholder Network

Actual Uganda AD Stakeholder Map

Implementing Ministry

National Promotion Agency

International Development
Agency (expertise, finance)

NGO
Association

Customer

AD plant contractor

AD plant manufactures

AD training & research
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The Specific Actors involved in AD in Uganda (as identified through organization websites) is present in Figure V.2.
Figure V.2: Actors Involved in AD in Uganda
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Figure V.3 depicts the market roles (sales and purchases) of key entities within the AD sector.
Figure V.3: Market Roles of Key Entities
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