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Introduction

The report presents the socioeconomic assessment of the selected RRR business models.
socioeconomic assessment acts as a decision making tool for determining the feasibility of the business
model from a societal perspective. It incorporatekthe costs and benefits of the potential impacts
accruing from theeconomic, socialhealthand environmentakonsiderations. Therefore this primarily
involvesthe derivation of the monetary valuesf the direct and indirect, positive and negative effects

from the implementation of the business model. A comprehensb@oeconomic assessmedgtermines

whether theall thebenefits of a particular busess model outweigh itsosts and thus supports in making

decision.In this report the following business models had been assessed as shdahl@i.

Tablel: Selected RRR Business Models for Kampala

RRRBusiness Modls

Model 1A: Dry Fuel
Manufacturing- Agro-
industrial Waste to
Briquettes

Brief Description

The business processes crop residues like wheat stalk, rice husk, maiz
stalk, groundnut shells, coffee husks, saw dust etc. and convert i@m
briquettes as fuel to be used in households, large institutions and small
medium energy intensive industries.

Model 2A: Energy
Service Companies at
Scale AgroWaste to
Energy (Electricity)

The business processes crop residues like wheat sizdkhusk, maize
stalk, groundnut shells, coffee husks, saw dust etc. to generate electric
which is be sold to households, business or local electricity authority.

Model 4: OnsiteEnergy
Generation by
Sanitation Service
Providers

Model 9:On Cost
Savings and Recovery

The businesmodel is initiated by either enterprises providing sanitation
service such as public toilets or by residential institutions such as hoste
hospitals and prisons with concentrated source of human waste. The
businessconcept is tgorocess and treat humanaste in a biedigester to
generate biogas to be used for lighting or cooking.

The business concept is to treat wastewater for safe reuse in agricultur
forestry, golf courses, plantations, energyps, and industrial applications
such as cooling plant. The sludge from the treatment plant could be usg
compost and soil ameliorant and energy generated can be used for inte
purpose resulting in energy savings.

Model 10:Informal to
FormalTrajectory in

Wastewater Irrigation
Incentivizing safe reust
of untreated
wastewater

Model 15 LargeScale
Composting for
Revenue Generation

Informal reuse of wastewater is commonly practiced by farmers in
developing countries but it also entails significant health costs, often bg
by the public and are cfocial nature. This social nature of these costs
justifies public investments in incentives to promote safe reuse of
wastewater and minimize risk along the entire value chain as such
incentives could potentially turn this unsafe informal activity into # sand
formal one with shared rewards for all the stakeholders.

The business concept is to better manage Municipal Solid Waste (MSV
(servicg and recover valuable nutrientproductg from the waste that
would otherwise be unmanaged and disposed on streets and landfills
without reuse. Compost from MSW is sold to farmers, landscaping, ang
plantations and so on.




Model 17 High value | Similar to Model 15 iconcept but in addition to MSW, the business useg
Fertilizer Production | fecal sludge from onsite sanitation which is rich in nutrients as input. TH

for Profit business also develops enriched compost and pelletized compost whic
higher nutrient content with improved and efficient detry of nutrient to
crops.

Model 19 Compost The business concept is to provide sanitation services and to manage ¢

Production for transform human excreta into safe fertilizer and soil conditioner.

SanitationService

Delivery

Methodology

The first important footstep towards a socioeconomic assessment is defining of the system boundary. This
is an integration of two aspects

T

T

Determination of the baseline condition which becomes the benchmark for comparison of the
alternative (i.e. estaldihment of the business model); and

Identification of theinput resources (from different waste streams) for the business models at
the city level based on the availability. These constraints govern the scales of operation of the
business, potential impacts and beneficiaries. Regarding the scale of operatienkafsinesses,

the socioeconomic assessment utilized the scales of the financial models developed previously.
However, it was ufscaled based on the waste resources available at the city context.

After having demarcated the system boundary the socioecdnamsessment conducted the following
guided steps to evaluate the benefits and the costs.

Step 1:ldentification ofsocioeconomic impacts of similausiness cases in Kampala

Step 2:Scoping of the potential impacts (social, environmental and hiakised on the system
boundary. This step leads to the defining of the parameters to be used in the socioeconomic
assessment.

Step 3:Description of thetechnology for the RRR business models based on the technical
assessment report and as observed frdm business cases in the region.

Step 4:ldentification of key input data points based on scenarios developed, type of technology
used. The financial models served as the base data source for the economic data as well as some
of the social data. Investmén and production costs were obtained from the financial models.
Data on economic indicators such as wage rates, interest rates, inflation, tax, escalation, annual
write off, insurance, depreciation and debtuity ratios were obtained from published data
reports by Bank of Uganda and industrial benchmarks for the region. The environmental and
health data were collected from secondary sources based on the scale of the operation and
assumption made under the system boundary which delineates the level ahsiflers for a
particular model. For environmental data, emission rates, carbon equivalents, cost of pollution
(and abatement costs) were collected from the secondary sources and likewise for the health
related parameters after having scoped the poteniiapact and the targeted population that can

be impacted, DALYs were used to measure the impact in value terms. The economic values of the
DALYs were obtained from secondary data sources for Uganda. In this step the parameters are
also categorized as deteinistic and stochastic based on literature survey and expert opinions.
Step 5 Thesocioeconomic viabilitgf an RRR business modeisanalyzedased on theNPV of

the benefits and costs, Benefit to Cost Ratio (BCR) and the Rate of return on Invaes{Reilt
Foreach of the economic, social, health and environmental aspects, the benefits and costs were
measured (in monetary terms) separately, and the cumulative figure was used to look into the



NPV, BCR and Rol. Subsequentionte Carlo risk analysimethodwasperformed for the NPV
calculations using an Excel aid @Risk

The Monte Carlo risk analysis invaltbe following steps:

- Seledbn of valuation criteria The NPV of each of the business model was selected to
study the stochastic variati@aunder conditions of uncertainty of the parameters

- lIdentification ofsources of uncertainty and key stochastic varialsiilar surces of
uncertainty as considered in the financial models were also assumed in the
socioeconomic assessment. Howeveraiddition to technical development, change in
I2PSNYYSyil LRtAOEY AYyTFElGA2YyS GFENARFGAZ2Y AY
and other various factorsother health and environmental parameters (like economic
value of DALY and abatement costs)yevalso treated stochastic

- Definition ofthe probability distributions of stochastic variahl®obability distributions
for all risky variablesere defined and parameterized.

- Ruming ofthe simulation modelDetermiration ofthe NPVfor each yeaandthe criteria
(social, economic, health and environmenging sampled values from the probability
distributions for project life. This processsrepeated a large umber of times (larger
than 5000) to obtain a frequency distribution for NPV.

- Determiration of the probability distribution of the simulation output (NPV)fhe
simulation model generatk empirical estimates of probability distributions for NPV
which was further used for the feasibility study

Data limitations:As had been mentioned preuisly in the synopsis of the financial assessment that since

the RRR sector is nascent in Uganda, data access and availability were limited. This was even more critical
for the socio economic assessment which relied heavily on the secondary databases dimdricial

models. The financial models developed for the business cases served as the data source for the economic
data used in the socioeconomic assessment. The data for the environmental and health costs and benefits
were obtained from secondary soucand the literature survey contextualized for Uganda. However, in
certain cases where data was not available, data from certain reports showing global figures or
assessments were utilized and actualized for the context of Kampala. Since the financidkitiuelbase

for the economic model, it needs to be mentioned here that economic data not available for the
businesses were mined from the different business sources operating in Asia, Africa and Latin America
and were verified before their use. Howevas, explained before in the financial assessment, data sources

for wastewater is weak and this produces a cascading effect in the socioeconomic assessment as well.

Overall approach of the socioeconomic assessment: Defining the system boundary of the
models

The following matrix defines the system boundary of the socioeconomic models used in the assessment
for the RRR business models. In all of these cases, the scale of the business model is so adjusted such that
the entire waste can be utilized by the pattiar businessThe socioeconomic assessment of the business
models is performed taking into consideration two contrasting situations where the baseline condition
refers to the present situation in Kampala and the alternative scenario proposes the inttmdottthe

business. The scale of operation for each of the businesses is based agpeais;

1 The availability of differentvaste streamsn the perspective of Kampala as derived from other
reference literature, reports and documents; and

1 The scale obperation is based on the scale assumed in the financial analysis. This is primarily
assumed to keep a parity in the analysis performed since one of the important component of
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the socioeconomic assessment includes the financial analysis of the operabwevet, to
achieve the entire consumption of theaste streamdor the respective businesses, a linear
extrapolation of the scale of the business model assumed in financial analysis is utilized.

The following tableTable2) indicates the baseline and alternative scenarios and also describes the scale
of operation for the different business models in Kampala.

Table2: Baseline and Alternativ&cenarios used for the Socioeconomic Assessment for the different

Business Models

Business Models

Base case

Alternative

Remarks

Model 15: Largeale
Composting for Revenu
Generation

The municipal waste thj
is being collected is ope
dumped and landfilled.
Kampala, The total was
generated per day is 23
tons (70,710 tons per
month); of which 40% o
the total generated amc
of MSW is actually
collected and transporte
to Kiteadandfill. The res
is therefore assumed to
opendumped.

4 Compost plants of 600 tons i
assume which would handle al
MSW generated.

In the financial analysis
compost plants of 600
tons has been assesse
The data from these
models will be
incoporated in the Sec
economic Assessment
(SEA)

Model 17: High value
Fertilizer Production for
Profit

Fecal sludge is dumpec
being partially treated ir|
the Buglobi WWTP

The scale of operation for the

fortifier is 8 plants which gener
1000 tons &drtifier yearly. This

can accommodate 16 tons of fé
sludge per day since each of th
plant will handle around 2 tons
dewatered fecal sludge per day

93.6% of the populatio
have onsite sanitation
services. According to
DienesS et. al (2014)
fecal kidge currently
discharged (legally) is
tons per day.

Model 19: Compost
Production for Sanitatio
Service Delivery

There is presently no
generation of compost
from fecal sludge
generated in the public
toilets.

In the financial model we have

assumed 6€1D00 users per pul

toilet. The alternative scenario

based on 2 assumptibns

1 Central division is the core
economic zone and since
population density is also hig
(235391 persons/ha.) public
toilets will beoncentrated in th
division

9 Number of public toilets will i
only based on the persons us
public toilets presently

The above two assumptions le

to the fact that 3190 persons (2

of 127600 population in Central

division) needs to be catened a

hence number of public toilets

required is-%

2.7% of the population
depend on open
defecation

Model 10: Informal to
Formal Trajectory in
Wastewater Irrigation
Incentivizing safe reuse
untreated wastewater

Untreated wastewater ¢
volume 50,00@/d
moving into waterbodie!

Utilization d¥asteStabilization
Ponds for partial treatme®4@d0
e/ d of wastewatehichis
subsequently usedagriculture

The estimated quantity
treated WW in Kartapa
2013 was appiarately
64,000 Ad, of which
14000 rfdis being
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Business Models

Base case

Alternative

Remarks

and indirectly recharges deplet
aquifers

treated at Bugolobi
(12000 &), Naalya (100
m?) and Ntinda (12000
)

Model 9: On Cost Savir
and Recovery

Effluent generated from
treated wastewater of
volume 14,006 fu
movingiito waterbodies

Financial analysis shows a WW
of 40,000 #uay from which
electricity is generated, water i
treated for irrigation and the
digested sludge is converted td
compost. However, the total
wastewater generated is
64,000/iday. The alternative
scenario would have to considg
another WWTP which can trea
similar volume of wastewater.

Additional investments
electricity generation,
water treatment and
compost recovery is to
considered.

Model 1A: Dry Fuel
Manufacturing\gre
industridlVaste to
Briguettes

1000mt of organic wast
accumulates daily and ¢
abouB0% of this is
removed and dumped il
Landfilin KiteziSabitti,
2011).

The alternative scenario would
consist of 10 large scale plants
had been considered in the
financial analysis (consumption
2222 tons of agkaste per year)
This would imply that about 10
the agrowaste is being reused
energy.

In the finarad analysis
the briquette plant
considered consumes
tons of waste per day ¢
the case study support
this model is one of the
biggest plant operating
KampalaKAMPALA
JELLLITONE
SUPPLIERS L)ID

Model 2A: Energy Serv
Companies at Scale
Ago-Waste to Energy
(Electricity)

1000mt of organic wastj
accumulates daily and ¢
abouB0% of this is
removed and dumped il
Landfilin KiteziSabitti,
2011)

Financial analysis considers 8
plant utilizing 250 tons/ day. Th
implies that 4 planégvé to be
considered in SEA which takes
all of the organic waste genera
Thus the benefit needs to

incorporate that 30% of the agn
waste which is not moving into
landfill, increases the landfill lifg

Model 4: Onsite Energy|
Generation by Satibn
Service Providers

There is presently no
generation of compost
from fecal sludge
generated in the public
toilets.

In the financial model we have

assumed 6€1D00 users per pul

toilet. The alternative scenario

based on 2 assumptibns

1 Centratlivision is the core
economic zone and since
population density is also hig
(235391 persons/ha.) public
toilets will be concentrated in
division

1 Number of public toilets will &
only based on the persons ug
public toilets presently

The above two assumptions le

to the fact that 3190 persons (2

of 127600 population in Central

division) needs to be catered a

hence number of public toilets

required is-%

2.5% of the population
have access to public
toilets

11



Synopsis of # socioeconomic assessment of the RRR business models

The following section presents key highlights of the RRR business rimogetas of the Net Present Value
(NPVs) of the different componerassessed under this study and for detailed assessment pleeseo
respective RRR business models presented in subsequent segtiensespective business models were
evaluated based on the monetization of the costs and benefits pertaining to the financial/economic,
environmental and social consequences of gatential impacts from the business mod&he financials

for the RRR business models are classified according to Energy, Wastewater and Nutrient models.

Energy Business Models

The following table {able 3) provides key highlights of Energy business modBtsiterate, the table
indicates the NPV of the three components of each of the energy business model. ltsenideom the

table, that the energy models have a Bendfibst ratio (BCR) greater than 1. However, the changes in
integrating the environmental and social components has contrasting impacts for different models. It can
be observed that the ESCO model has a higher return in tefmsvironmental and social benefits over

the other two models although there are possibilities of losses based on the financial assessment of the
model.

Table3 Energy Business Models

Model 1A: Dry Fuel Model 2A: Energy Service Model 4: Onsite Energy
Manufacturing- Agro- Companies at ScaleAgro-  Generation by Sanitation
industrial Waste to Waste to Energy Service Providers
Briquettes (Electricity)

Scale of operation 10 plants each havinga 4 plants each with a 5 public toilet facilities has
production capacity of production capacity of 8 been assumed to cater to
2000 tons peyear MW the entire population of

Kampala Central Division

NPV" Financial (in 2,846,811 (919,589) 185,249

UsSD)

NPV Financial & 3,980,813 461,607 189,307

Environmental (in

USD)

NPV" Financial, 16,044,166 108,883,864 302,248

Environmental &

Social (in USD)

B:C Ratio 5.62 511 2.63

ROI 87% 48% 2%

** Calculated for life cycle term using Discount Rate of 12%

K=1,000

Wastewater Reuse Business Models

In the context of Kampala, two different scenarios are consider@dTreated wastewater for irrigation,
fertilizer and energy, and (ii) Wastewater for irrigation and ground water recharge. The following table
(Tabled) provides key highlights of wastewater reuse business models. The scale was based on the input
wastewater quantity in Kampala which was from the waste supply and availability data basedem se
network in KampalaBoth of these models exhibits higher environmental and societal benefits in terms
of reduction of pollution and health benefits. Using WSPs has a lower cost which is also being reflected in
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the NPV of the financial benefits from thetroduction of wastewater for recharge and utilization in
agriculture.

Table4 Wastewater Reuse Business Models

Model 9: On Cost Savings and Model 10: Informal to Formal

Recovery Trajectory in Wastewater Irrigation
Incentivizing safe reuse of untreated
wastewater
Scale of operation The capacity of the wastewater ~ An estimated 64,000 #of wastewater
treatment plant is considered to  generated in Kampala is diverted for
be 40,000 ri irrigation and groundwater recharge
NPV* Financial (in USD) 9,669 141,133,195
NPV* Financial & 42,999,611 292,596,480
Environmental (in USD)
NPV" Financial, Environmental 56,913,752 360,596,480
& Social (in USD)
B:C Ratio 49.88 59.59
ROI 740% 606%
** Calculated for life cycle term usirdiscount rate of 12%
K =1,000

Nutrient Business Models

The nutrient business models have been compared in the following t@lblelg5). This tableprovides

key hidnlights of Nutrient business modeis terms of the NPVs for the financial, environmental and
societal net benefitslt can be seen from the table that High value Fertilizer production and compost
derived from Sanitation Service Delivery have higher irseia societal benefits compared to the
compost production from MSW. This is primarily due to the fact that sanitation infrastructure either in
terms of better service delivery or treatment of faecal sludge have pertinent health benefits as well as
positive environmental impacts for the society.

Table5 Nutrient Business Model

Model 15:LargeScale Model 17:High value Model 19: Compost
Composting for Revenue Fertilizer Production for Production forSanitation
Generation Profit Service Delivery

Scaleof operation 4 plants each with a 13 plants are assumed to 5 public toilet facilities has
handling capacity of 600 consume the entire faecal been assumed to cater to
tons of MSW is assumed. sludge produced andach the entire population of
Total compost production with a production capacity of Kampala Central Division.
capacity in each plantis 1000 tons in a year This considers 2.7% of
96 tons per day population practicing open

defecation.

NPV" Financial (in 17,540,347 1,170,913 55,339

USD)

NPV" Financial & 24,554,559 3,982,575 65,955

Environmental (in

USD)
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NPV" Financial, 69,132,856 65,878,167 942,030
Environmental &
Social (in USD)

B:C Ratio 5.42 15.36 69.38
ROI 167% 228% 682%
** Calculated for lifecycle term using Discount Rate of 12%
K =1,000

Summary assessment of financial feasibility of RRR Business Models

Table6 provides a summary overview of tt@iteria used forfeasibility of RRR business models for
Kampala based on the socioeconomic assessment. Three main criteria were used to assess the feasibility
of the business model(i) BenefitCost Ratio (BCR), (ii) Rate of Investment; and (iii) Pidpalstribution

of the Net Present Value (NPV). The BCR was derived as a ratio of economic, social, health and
environmental benefits to the costs in monetary terms. Any project or business with a BCR greater than

1 is termed to be generating more socébenefits compared to the costs for implementing the project

and therefore the BCR was used as the governing criterion for the feasibility assessment. The Rate of
Investment (Rol) was determined based on all the benefits that accumulated from the lmiswibs

respect to the initial investments made for the business. Along with these criteria, the probability
distribution of the NPV based on the uncertainty of different parameters used in the model was used.

As mentioned earlier in the methodology, a Mertarlo risk analysis was performed on the Net Present
Value (NPV) derived from the costs and benefits from the different parameters of the socioeconomic
models. These parameters which were considered as stochastic in the model were defined by a suitable
probability distribution to represent uncertainty in the values used for the models. For the Monte Carlo
analysis a large number of iterations were performed to obtain empirical estimates of the NPV and also
derive a probability distribution of the NPV. Tim®bability distribution obtained for the NPV was used as

one of the criterion for assessing the feasibility of the business model. The mean value obtained from the
probability distribution of the NPV was taken as a benchmark for determining the fagsibitie
probability distribution thus generated was utilized to find out the probability of the NPV value below the
benchmark (mean). The methodology used to define the feasibility is as describadlén14 below.

Table6: Feasidity Ranking Methodology

P (NPV < NRWan) B:C Ratig Rate of Investment (Rol| Feasibility
0 <P (NPY NPVieay < 30% | >1 > 100% H
30% < P (NP¥YNPWean) < 50% >1 > 100% Medium
50% and above >1 > 100%
0 <P (NP¥ NPVean) < 30% <1 > 100% Low
30% < P (NP¥NPWean) < 50% <1 > 100%
50% and above <1 > 100%
0 < P (NP¥ NPVean) < 30% >1 < 100%
30% < P (NP¥NPWean) < 50% >1 < 100%
50% and above >1 < 100%
0 <P (NP¥ NPVeay < 30% | <1 < 100% 1
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30% <P (NP\K NPWean) < 50% <1 < 100%

50% and above <1 < 100%
Using the methodology defined ifable6, the RRR business models were assessed for their viability in
the context of the Kampala cifghown inTable7). Based on the criteria of assessment, it is found that
the energy models have a lower feasibility compared to that of the wastewater and the nutrient models.
All the energy models have a BCR greater than 1 however, the ROI is lower thandio@étigithat the
business model would not be able to reap benefits larger than the investments. Along with these
observations, it was also estimated that the probability of NVP dipping down from the mean value is more
than 50% or close to it. In comparisdo these scenario, although the models for wastewater and
nutrients had probability values close to 50%, the other criteria of BCR to be greater than 1 and Rol of
more than 100% make the business models to be feasible at a medium range. It has beemetkenti
previously that economic costs and benefits utilize the database from the financial analysis. At the same
time the financial models had been scaled up linearly to meet the waste resources from different waste
streams produced in Kampala. Thereforehecomes imperative to check the convergent validity of the
financial and socioeconomic model in which further we assess the social, environmental and health
aspects. The results of the socioeconomic assessment for the wastewater and nutrient modelmeonfor
to that of the financial analysis while that of the energy models (excepting the Energy Service Companies)
differ in the results.

Table7: Synopsi®f Socioeconomi€easibility RRR Business Models

RRR Business Models P (NPVNPVhean B:C Ratio Rate of Feasibility
Investment
(ROI)
ENERGY
Model 1A: Dry Fuel ManufacturingAgro- 52.2% 5.26 87% Low
industrial Waste to Briquettes
Model 2A: Energy Service Companies at 53.%% 5.11 48% Low

Scale AgroWaste to Energy (Electricity)
8MW ProfitMaximization Model

Model 4: Onsite Energy Generation by 48.%% 2.63 2% Low
Sanitation Service Providers
WASTEWATER REUSE

Model 9: On Cost Savings and Recowvery 50.7%6 49.88 740% Medium
combined energy, water and nutrient

recovery

Model 10 Informal to Formal Trajectory in 52. 59.59 606% Medium

Wastewater Irrigatiors Incentivizing safe
reuse of untreated wastewater

NUTRIENTS

Model 15 LargeScale Composting for 49.8% 5.42 1676 Medium
Revenue Generation 600 tons

Model 17:High value Fertilizer Production 52.1% 15.36 224% Medium
for Profit

Model 19 Compost Production for 53% 69.38 682% Medium

SanitationService Delivery

Below is brief on key aspects that determine the feasibility of each of the business modafspala:
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Model 1¢ Dry fuel ManufacturingThe business model is economically and financially vidllere is a
significant increase in the economic feasibility of the busimkssto social and environmental benefits
associated with the business. Howeyprice of the inputs highly fluctuate which pose a significant threat

to the business. In addition, health impacts can only be mitigated if there is use of efficient cook stoves
among the households, the switching costs of which poses a threat to thiedsssrom societal benefits
since emissions which lead to indoor air pollution cannot be abated.

Model 2 ¢ Energy Service Compani@sis business model has a lot of potential when we consider
electricity generation whickigandaconsiderably lacks. The total potential for all agrowaste being utilized
for electricity generation in Kampala is about 32 MW. Associated with this thert ISHG emissions
saved pekWhof electricity generated is 2.724 kg CO2eg. The highest sani@#3 emissions are mainly
from avoided burning of agraraste while the highest emissions from the business model is from the
gasifier.In the present situation most of the agrowaste finds its way to the landfills and open dumpsites.
However, as the finamal analysis indicates that larger scale plants are very sensitive to price of electricity
for feedin-tariffs which are currently on the lower side in Uganda, this model faces a stiff challenge
financially. The next challenge for the business model iativessibility of the agrowaste as mentioned
previously.

Model 4 ¢ Onsite energy generation by sanitation service provideEnss business model although is
promising in economic and financial terms, the contribution to the overall societal benefitestrered

mainly to health. The health benefits derived are maimlycost savings for end users from avoided
expenditures on health expenditures, saving in time spent accessing a place of convenience and savings
in time spent cookingln terms of financibstability also the business model is totally driven by the fact

that it depends on the number of users and can never depend on the feasibility from the sale of the biogas
which also restricts the net emission savings/earnings.

Model 9¢ On Cost savingad recoveryThe primary assumption of the business model is it is focused on
the reuse component and does not take into consideration the setting up of a new wastewater treatment
plant. It is being assumed that the wastewater treatment plant existsaaigitional investments are made

to retrieve water for irrigation, sludge for compost and electricity for use in the plant. This model is price
sensitive in terms of the feeih-tariff, however there are cost savings in terms of electricity generated
and ugd within the plant. Economically, the business model is viable based on the sale of treated
wastewater to farmers and compost. Consideration of the health and environmental aspects shows that
there is substantial amount of reduction in surface and grouaigwvwhich has indirect costs associated
inter-temporally. In addition there is also a potential of earning benefits due to reduced GHG emissions
and savings incurred in using compost as a soil ameliorant which reduced the fiscal burden. Use of
compost redices the dependence on inorganic fertilizers in the long run and Uganda which is a fertilizer
importing country can benefit from reducing their fertilizer consumption and subsequently their foreign
exchanges.

Model 9¢ On Cost savings and recoverye feasibility of the business model is governed by the fact that
there is lower initial investments compared and practically no operation costs, while the benefits like
irrigation and groundwater recharge are mdexorable The socioeconomic feasibilgpows that health

issues among farmers which might arise due to use of wastewater is overweighed by the benefits incurred.
However, application of the business model should be subjected to the research on health effects both
on consumers and farmers consimg food irrigated by wastewater and producing food irrigated by
wastewater respectively.
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Model 15¢ Large scale composting for revenue generatiime financial analysis shows that large sized
compost plants of 600 tons/day is highly feasible. The socioeconomic assessment considered the 4 plants
of same scale for absorbing the waste of the city. Economically compost plants are feasible because
compast price in Kampala is significantly higher in comparison to other African countries. The price of
compost is one the most sensitive parameters that drives viability of the business. Additionally in the
socioeconomic assessment when other aspects of heaithronment is considered composting plants

are feasible due to its potential for reduction in GHG emissions, positive health benefits and also savings
in foreign exchanges. However, it has to be noted that there needs a lot of behavioral change
communicaéion among the farmers so that they understand the utility and adopt to such practices of using
compost along with inorganic fertilizers.

In addition, the

Model 17¢ High value fertilizer production for profithis product is relatively unknown andelto the

nature of raw material used (faecal sludge), there is inherent risks of acceptability among farmers. The
economic viability of the business model closely follows that of the compost obtained from municipal
solid wastes. In similar lines as expéd in the previous model, there are opportunities of reduction of
GHG emissions, foreign exchange savings. In addition, the products are priced higher and can be fortified
with inorganic fertilizers which are close substitutes to fertilizers and utiliiegaecal sludge reduces

the risks from water pollution. However, the primary challenges of the business being the adaptability
among farmers which needs a lot of trainings and communications.

Model 19¢ Compost Production for Sanitation service dejivehis is a similar model to that of Model 4.
Both of these models are economically viable. The economic viability depends primarily on the number
of users. However, when we consider composing as an option over electricity generation, the price of
compog provides an extra leverage. Additional benefits as per health, societal and environmental is
considered is similar.
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Socieeconomic impact assessment of dry fuel manufacturing business
(Agroindustrial Waste to Briquettes) Kampala

Introduction

InUganda, a large portion of households, institutions and commercial entities rely on traditional biomass
as the primary source of energy for heating and cookingr®@0% of the national energy demand is met
from biomass sourcesvood being the most commosource (Ferguson, 2012)This catinued over
dependence on woofliel and other forms of biomass as the primary source of energy has adverse effects
on forest resources andre associated with high levels efivironmental pollution According to FAO
estimates, Uganda is losing 50,000 ha (0.8%) of its forestland per year through deforestation. The major
cause of this continuing dependence on firewood is lack of affordable and reliable alternative sources of
energy. Extensivand inefficientuse offuelwood ard other biomassesontributesto increased rates of
deforestation environmental pollution and adverse impacts on public hedltius there is a need for
more efficient utilization of biomass energy sources through efficient biomass processing technologies

The opportunity to utilize more efficiently agricultural residues, with a reduction in pollution levels, has in
recent years aroused the interest of developing countries in dry fuel manufacturing technolGgie®(

and Mirsha, 1996). Waste processteghnologies such as briquetting have the potential to counteract
many adverse health and environmental impaassociatedvith traditional biomass energy. To improve

the waste management, to reduce the rate of deforestation and to increase access to modern energy
technologies, recycling agricultural waste to manufacture briquettes is a simple and low cost technology.
Briquetes are densified biomass fuels used for heating in different systems. They are affordable source
of energy and can be used in cooking instead of the traditional charcoal and firewood. The main purpose
of briquetting a raw material is to reduce the voluraed thereby increase the energy density. This also
improvesthe handling characteristics of the materials for transporting, storing and usage (Grover and
Mishra, 1996).

The potential economic, environmental and social impacthefdry fuel manufacturingpusiness model
need to be assessed to ensure figstainabledevelopment In this study, we evaluated the soeio
economic impacts of dry fuel manufacturing businedth annual capacity of 2,000 tons of briquetties
Kampala. The socieconomic analysis isonducted based on the valuation of financial, environmental
and health benefits and costs associated with the business model.

Technological options for briguette business
Raw materials used for briquette production

Briquettes can be produced from variotesv materials such as agricultural residues, organic municipal
solid waste, sawdust from timber mills and other woody biomass. However, the quality of the briquette
which is measured by its energy content, depends on the raw materials used. The seddiotable
AyLdzi YIFGSNAFEaszs Ay FRRAGAZ2Y (2 | @FAtroAfAGEY Aa
moisture content (1815%), low ash content (4%) and uniform or granular flow characteristics of the raw
material (Tripathi et al., 1998)The main sources of input for briquette production in Uganda include
agricultural residues (such as maize cobs, rice husks, coffee husks, groundnut husks etc.), wood processing
waste (such as sawdust) and organic municipal solid waste. Uganda, whegribigture sector is an
important component to the growth of the economy generafarge quantities of agro waste as data
provided by the government indicated that annual agricultural wastes available is 1.2 million tonnes and
daily MSW generated in theitg of Kampala is estimated to be 1,500 tonnes (Uganda Investment
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Authority, 2010; Uganda Renewable Energy Policy, 20@B)e8 shows the characteristics of agriaudal
residue and the available amount in Uganda.

Table8: Agricultural residues available and their ash content in Uganda

Agricultural residue

Ash content (%)

Annual production

(,000 tonsl/year)

Bagasse 1.8 590

Rice husks 22.4 25-30

Rice straw 17 4555
Sunflower hulls 1.9 17

Cotton seed hulls 4.6 50

Tobacco dust 19.1 2-4

Maize cobs 1.2 234

Coffee husks 4.3 160

Ground nut shells 6.0 63

Source: Uganda Renewable Energy PAlig§MD, 20072Grover and Mishra, 1996
Technologydescription

The process of making briquettes depends on whether the briquettes are carbonized-carmmized
(Figurel). Carbonized briquettes are made from rawaterials that have been carbonized through partial
pyrolysis to produce char which is then compacted into a briquette. Carbonized briquettes are used as a
replacement to charcoal for domestic and institutional cooking and heating. The traditional charcoal
making techniques such as carbonization of raw materials using earth pit or steel kilns with conversion
efficiencies of less than 10% are the dominaméthods of carbonization in developing countries
(Ferguson, 2012). However some improved processes haea ldeveloped for small scale char
production, with improved efficiencies of up to 30% (Ferguson, 2012)F&ebAfrica, a carbonized
briquette making enterprise in Uganda, for example invented adost kiln made out of old oil drums to
carbonize its agcultural waste to produce charcoal powder. Noarbonized briquettes on the other

hand are made directly by solidifying/compacting the raw material. They are used by industrial and
commercial processes such as brick manufacturing, lime production nfigkirsy, tobacco curing, beer
brewing, coffee and tea drying which rely on charcoal and firewood for cooking and heating purposes.
They can also be used as a replacement fuel among rural populations where firewood is still dominant

(Ferguson, 2012).
R
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Figurel: Process diagranof briquetting
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Preprocessing

Depending on the characteristics of the raw material used and depending on the type of briquette to be
produced, the raw materials need to go through a-precessing stage before briquetting. This primarily
involves shreddig of raw materials, sieving, pulverizing and drying. Thigppoeessing step can be done
manually by crushing and chopping or by using mechanized milling machines and can potentially be labour
and energy intensive depending on the type of raw materiatluser example, residues such as rice husks
and sawdust require no drying, minimum chopping and crushing to break them down, and thus
considerably reduce the energy and labour required to prepare the raw materials (Chaney, 2010). Thus
careful consideratiorshould be taken when selecting appropriate raw materials for briquetting to
minimize cost of production.

Binding materials

Binding materials are needed in order to ensure that the final product remains in a compact form and has

the required strength to bable to withstand handling, transportation and storage. Examples of briquette

binders include starch (rice flour, cassava flour, sweet potato paste), natural resins, tar, molasses, algae

and gum Arabic (EEP, 2013). Starch is the most commonly used ifiicastWhen selecting a binder,

careful consideration should be taken to ensure that it is-tmxic for laborers working in briquette
YIE1AYy3dd CAINIKSNX¥2NB>Z GKS STFFSOG 2F GKS O0AYRSNI 2y
burning and the resiue after combustion need to be considered during selection of binding materials.

Briquetting/densification

Briquetting essentially involves two parts; the compaction under pressure of loose material to reduce its
volume and to agglomerate the materigo that the product remains in the compressed state
(http://www.fao.org/docrep/t0275e/t0275e04.htn). There are different methods of briquetting which

can be grouped into high pressure, medipnessure and low pressure compaction. For these methods, a
wide range of technologies have been developed. These can be grouped into low pressure presses, piston
presses, screw presses and roller presses (Manieid, 2012; FAO, 1990). Each of the teglogies are
described below.

- Low pressure or manual pressee simple lowcapital cost options which require low skill levels
and no electricity to operate and are used for producing both carbonized andartronized briquettes.
These are suitable in areas where there is no access to electricity. A numberwdirtenhnologies exist

in low income countries that have been developed as-tmst options especially in the rural context.
However, the briquettes produced through this process may not have the desired quality as they are
known to crush easily especiallshen mishandled or exposed to water.

- Piston presseare large machines whereby a heavy piston forces biomass material through a
tapered die, which compacts the biomass as a result of a reduction of the diameter, using high pressure.
Depending on the opetang method, piston extruders can produce between 200 and 750 kg of briquettes
per hour (Ferguson, 2012). Briquettes are extruded as a continuous cylinder. These machines are used to
produce nonrcarbonized briquettes.

- Screw presseextrude a briquette throgh a die and produce briquettes with a homogenous
structure which are often cylindrical. They can be operated continuously, which is the main advantage
compared to piston extruders. The main disadvantage is the wear of the screw, which needs relatively
high investment costs compared to the costs of the extruder itself. A screw press typically has the capacity
to producel50 kg of briquettes per hour (Ferguson, 2012).
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- Roller presseare mainly used to produce carbonized briquettes and are also widely agpiied

the production of charcoal briquettes. Roller presses involve two rollers continuously rotating in the
opposite direction, converging at point of compaction where the processed raw materials are transformed
in to the shape of the desired briquette EE2013). As this technology does not provide enough pressure
to compact the raw materials, water and binders such as cassava or wheat flour are added to hold the
material together. A roller press has the capacity to produce 1,500 kg of briquettes pewhiztris high
compared to other briquetting technologies (Ferguson, 2012).

Overall approach to socioeconomic impact assessment

The socieeconomic analysis of a project is concerned with its viability from a societal perspective and
answers the questionsfavhether it is economically rational to proceed with the project (De Souza et al.,
2011). In contrast to a financial analysis, sesionomic analysis provides a more comprehensive
investigation on the effects of a proposed project, takes a broader petisgeand determines the

LINE 2S00 Qa oxsaktNFhé dnalydis, thetzSorefiincludes benefits and costs that directly affect
the business entity running the project and the effects of the project on households, governments and
other businesses dside of the business. The analysis also includes the benefits and costs that cannot be
readily measured using observable market prices and costs (De Souza et al., 2011). In this study, the
financial viability of the business wassessed through a costrwit analysis and for the environmental
impacts, a life cycle emissions of agriculttredidue derived briquette fuel are evaluatetihe scale of

study considered is 10 plants of operational capacity of 2,000 tons per plant. This assumptions leads to
the fact that 10 plants take up about 75 tons of agrowaste per day for producing briquettes. Therefore,
the socioeconomic model linearly extrapolates the financial analysis of a single plant of capacity of 2,000
tons annually. This assumption was primarilyséxh on the fact that in Kampala, the largest existing
briquette plant has a production capacity of 2,000 tons annually.

The following sections will elaborate on the assumptions made, the scenarios modeled and the data
sources used for assessing the eowmental, social and financial impacts associated with dry fuel
manufacturing busines3he potential costs and benefits are evaluated at the plant level and extrapolated
at the city level.

Environmental impact assessment

A lifecycle emissions of agritutal residue derived briquette fuel were evaluated. The purpose of the
environmental assessment was to identify the environmental impact of utilizing agricultural residue for
the production of fuel briquettes and to compare the resulting environmentakiobpo that of the fuel

used under baseline scenario i.e. firewood. The functional unit used for quantifying the environmental
impacts is 1 kg of briquette used for cooking and heating. Environmental indicators selected in this study
are CQ, CH, NO forclimate change, S@QndNO; for acidification andeutrophication. Gaseous emissions
were expressed in G@q using conversion factors of 1, 21, 310 for,Gand NO respectively (IPCC,
2001). SQ and other particulate matter are associated with acutedachronic respiratory and heart
diseases and given their potentially direct effect on human health, gaseausr&egulated as criteria

air pollutants (Burtraw and Szambelan, 2009).

Total emissions under baseline represent emissions from burning ctiigral residue in open fields and

from combustion of fuelwood in stoves. Total emissions under the briquette business scenario represent
emissions from agricultural collection and transportation, emissions from briquetting, emissions from
transport and ombustion of briquettes in institutional stoves. These calculations of the total emissions
were based on a number of studies (Hu et al., 2014; Ruiz et al., Q8&8p et al., 201.3Sparrevik et al.,
2012;; Young and Khennas, 2003; IPCC/OECD methodology).
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Baseline and alternative scenarios

In conducting soci@conomic analysis of any project, it is important to determine the baseline scenario
which will be the benchmark to compare project alternatives. This study will assess the economic viability
of briquette business model and a comparison of the costs and benefits of the business model vs. a
business as usual scenario. Firewood is the most widely used energy source for institutional and
commercial use in Kampala and therefore was taken as the refessrstem.

System boundary

The system boundary applied in this study contains, 1) agricultural residue collection and transportation,
2) residue briquetting, 3) briquette fuel distribution and 4) briquette fuel combustion in stoves. The
environmental impactat each stage or process are taken into account. For the briquettes produced, we
assumed a replacement of fuelwood for use in institutions and commercial sectors for heating and
cooking. For the agricultural residue used as input in the briquetting psoces assumed that under
baseline, the residues are burnt in open field during land preparation for plantygs (Okello et al.,
2013). Thus, emissions associated with this practice were accounted for when assessing the
environmental impacts. Energy usadd the environmental impacts associated with the main agricultural
commodity were excluded from the scope of the study. Moreover, emissions associated with machine or
equipment use in the briquette business are excluded from the scope of the study.

Agrcultural residue under baseline

Under baseline scenario, agricultural residues are burnt in open field during land preparation for planting
crops. The GHG and other particle emission effects from agricultural residue burning are estimated based
on Sparrevik et al., 2012Téble9). The GHG and other emissions avoided as a result of using the
agricultural residues are measured in terms of the avoided kg ea@dbther pollutants (S@ NQ, CO)

based on agricultural residues used to produce 1 kg of briquettes.

Table9: Emission factors for open burning of agricultural residue under baseline

Emissions Emission factor
(kg emission /kg adry residue burned)
CH 0.0012
N2O 0.00007
SQ 0.002
NG 0.0031
CO 0.0347

Source: Sparrevik et al., 2012
Agricultural residue transportation and briquetting

The agricultural residues used in the briquette making are sourced from farmers whispraesl over a

large geographical area. It is assumed that during processing, input 10428 8ccurs. Assuming a 10%

input loss during processing, for a 2,000 ton brigquette production, 2,222 t@0@#.9) of input is
required. The COemissions produed at the collection stage and subsequent transportation to the
briquette plant are included in the assessment. In general, the level of emissions under the briquette
business scenario is expected to be low compared to the amount pé@{3sions avoidedybusing the
agricultural residues and thus avoiding open field burning (Ruiz et al., 2013). The GHG emissions are
measured in terms of the kg of €@mitted as a result of collection and transportation, in supplying 1 kg

of briquettes. It was assumed thabllection of agricultural residues is done within an average distance of
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40 km from the processing plant using a truck of 16dapacity (Okello et al., 2013). Usigrucks results

in CQemissions from use of fossil fuel. The@Missions per liter of diesel fuel ranges between 2.6 to 3
kg/liter of diesel fuel (Ruiz et al., 2013). In this study; €fiissions of 3 kg/liter of diesel fuel was used.
The C@emissions are calculated based on a mean distance of 40 km and dieseingbiosuof 0.45
liter/km (Tablel0).

At the plant, the agricultural residues are sieved, pulverized using a hammer mill and dried to a moisture
content of 13% using #ash drier. The agricultural residues are then blended to get a homogeneous
mixture of different materials and fed into a briquetting machine to be compacted. According to Hu et al.
(2014), energy use during pprocessing is 3 kwh/ton for drying, 18 kwidw for chopping and 13 kwh/ton

of briquette. The environmental impacts associated with the energy used during production of briquettes
should be taken into account. In this study it is assumed that the source of energy for preprocessing is
from hydropowergeneration stations (which is @@eutral) as Uganda relies on electricity generated from
hydropower generation. In contrast, other studies such as Hu et al. (2014) have accounted the
environmental impacts associated with electricity used for briquettisghe electricity is supplied by a

coal fired power plantin Kampala, there are frequent power cuts and business entities haveupack
generators which run on diesel fuel. Emissions relatedi¢sel used for generator during power cuts is

not accountedn this studydue to lack of sufficient information on the frequency of power cuts and use

of diesel fuels for generators.

Table10: CQ emissions from transportation of agroesidue to briquette plant

Item Unit Value Source
Average return trip distanceagrowaste to briquette plant km 40 Okello, 2014
Average return trip distance briguette plant to final user: km 20 Assumed
Capacity of truck agrwaste (per load) ton 16 Okello, 2014
Diesel consumption [t/km 0.45 Ruiz etal., 2013
CQ emission per liter of diesel kg CQllt 3 Ruizetal., 2013

Briquette transportation and combustion

The same truck with a capacity of 16 ton is assumed to be used to transport the briquettes to end users
within an average distance of 20 km. The briquettes are substitutéutlwood and can be used for
cooking without stove modifications. It is estimatttht the energy content in 1 Kg of briquette is 16.8

MJ and 13.8 MJ in 1 kg of fuelwood (IPCC/OECD methodology; Hu et al., 2014). This implies that 0.82 kg
of briquette can replace 1 kg of fuelwood. Other studies have assumed that 1fkghwbod can be
replaced by 0.7 kg of briquettes (Young and Khennas, 2003). Thus, the use of 1 Kg of briquette would
conserve 1.22 Kg of fuelwood. The combustion efficiency of and the resulting emissions from briguettes
greatly depend on the combustion equipment used (Rogl Corscadden, 2012). The institutional wood
stoves used in most East African countries have an efficiency of 45% when wood is used and 50% when
wood is replaced by briquettes (Young and Khennas, 2003). This nominal increase in efficiency of 5% is
due tothe fact that briquettes have uniform shape and can fit to stove allowing cooking in enclosed stove
and thus increasing efficiency (Young and Khennas, 2003). The emissiotiatad with combustion of
fuelwood under baseline and briquettes under the lugtfe business scenario are presentedliablel1.

Tablell: Emission factors from combustion of firewood and briquette

Emissions Fueilvood use Briquette use
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(Kg emission/kg of (Kg emission/kg of

fuelwood) briquette)
CQ emission 1.513 0.7604
CH emission 4.14E03 2.98E03
N.O emission 5.52E05 9.68E06
SQ emission - -
NCO 1.38E03 4.84E06
co 6.9E02 1.48E02

Source: IPCC/OE@i2thodology; Okello, 2014
Environmental impact results

This section presents the GHG and other criteria emissions under baseline and alternative stehario

city level The total emissions under baseline scenario are the total of emissions assodiatéueiwood

use and burning of agresidues in open field. These emissions are the emissions avoided as a result of
utilizing agricultural residue for the production of fuel briquettes thereby replacing fuelwood. The
emissions from the briguette businesare the total of emissions associated with agesidue
transportation, briquette transportation and combustion in stoves. Total emission savings is the total
avoided emissions net of the emissions from the briquette business.

Emissions under baselisesnario

The emissions avoided per kg of britpegproduced is shown iffablel2. These are emissions under the
baseline scenarid he highest contribution to GHG emission savings is from avoided burning of firewood.
Reduced use of firewood also implies that environmental degradation through deforestation is minimized.
The overall savings in GHG emissions from avoided use of fireavabagreresidue burning is 2.021 kg
CQeq/kg of briquette. Considering the other criteria emissions, the highest contribution to reduction of
acidification and eutrophication expressed respectively, in kg eBS@NG is from avoided burning of
agroresdues. Given the assumption made in this study, savings of 0.0022 kg 6f@X51 kg of Ngand
0.1225 kg of CO are avoided per kg of briquette.

Tablel2: Emission savings from avoided firewood use and agesidue burning per kg of briquette

Savings from GHG emissions Other criteria emissions

Cca SQ NO CO
Firewood conservation 1.969 0 0.0017 0.0840
Burning agreresidue 0.052 0.0022 0.0034 0.0386
Total savings 2.021 0.0022 0.0051 0.1226

Emissions under briguetseenario

Processing of agresidues to produce briquettes results in GHG and other criteria emissions. These
emissions are from transporting of agresidue to the plant, briquetting of agnesidue, transporting and
combustion of briquettes. The envinmental emissions from the production and combustion of 1 kg of
briquette fuel are shown inrable13. The highest contribution to GHG emissions and other criteria
emissions is from combustion of briquettes showing total GHG emission of 0.8312dq, @@4ED6 kg

of NQ and 1.48ED2 kg of CO per kg of briquettes.

Tablel3: Environmental emissions from the production and use of 1 kg of brigeett

Emissions from GHG emissions Other criteria emissions
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CQ SQ NG CO
Agroresidue transportation  0.0038 - - -

Briquette transportation 0.0017 - - -
Briquette combustion 0.8260 - 4.84E06 1.48E02
Total emissions 0.8314 - 4.84E06 1.48E02

Net emissions

The overall GHG emissions from the production and us®,00P tons(considering 10 plantsjf agro

residue briquette fuel is shown iRigure2. GHG erssions from firewood combustion and burning of agro
waste are negative representing GHG emission savings from use of briquette. The aavimgly from
avoided fielwood use. Under the briquette business scenario, the highest GHG impact is from briquet
combustion. Other processes such as transport and electricity use during production adtteridja not
contribute significantly to the total environmental impacts of the briquette business. Although, the
briquette business results in environmental iewgbs, the impacts are far less than the baseline scenario.
The GHG emission savings are more than the emissions from the briquette business thus resulting in net
GHG emission saving623.79tons CQeq per annum.

GHG emissions
(ton CO2 eq./year)

Agro-residue

Firewood Burning agro-  and briquette Briquette
combusion waste transportation = combustion
20,000 16,520
0,00¢
109
(1,042)

HG emissions {ton CO2-eq/year)

G

(50,000)
Figure2: GHGemissions and savings from briquettes plants at city level (ton CO2eqg/year)

Figure 3: Other emission savings from briquette plants at city level (ton/yestipws otler criteria
emissions, SHONQ and CO under baseline and briquette business scenario (2000 tons of briquettes). The
untreated or burning of agroesidue under the baseline scenario contributes the highesté®@ NQ
emissions which respectively caused#tiation and eutrophication. In the briquette scenario the agro
residue is processed to briquette resulting in a small eutrophication impact. The highest CO emissions is
from firewood use. The combustion of briquette also contributes to CO emissioriedsuimpact than

the baseline scenario thus resulting in net emission savings. The net emission savindg3 @@orichs of
briquette are respectively4itons of S@ 103tons of NQand 212 tons per annum.
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Figure3: Otheremission savings from briquette plants at city level (ton/year)

Value ofCarbon creditand other emissions

Carbon credits ardraded on either the regulatory CDM markebr on the wluntary carbon market

depending on their eligibilityThe CertifiedEmission Reduction (CER) is the credit generated under CDM

while the Voluntary Emission Reduction (VER) is generated under the voluntary carbon market. Since the

VER is suited for small scale projects and are typically sold in volumes that appeal $oselaking small

reductions to offset their footprints, in this study the VER unit is considered. The VEReqnivedent to

a reduction of 1 ton of C&quivalentemissions (Reuster 2010). Basadthe World Bank (2014), carbon

credit prices in the EUTE range about USBO50 em0  AY HAamn SKAES LINAOS& 6 SNE
In this study iis assumed that carbon credits are worth on average USD 7 per ton efjGi@alent Table

14). However value of the other emission savings that have acidification potentiabfiNiC5Q) were not

included in the analysis

Table14: Annual value of GHG emission reduction from briquette busin@s300 tons)

Item Amount
Total GHG emission savings (ton&) 4,041
Total GHG emissions from briquette business (ton CO2 eq) 1,662
Net emission savings (ton e&Q/year) 2,379
Price of VER (USD/ton £Q) 7

Total value of Carbon cred{{JSD/year) 16,653

The above table provides the economic value of GHG emission reductions at the plant level which can be
utilized to calculate the benefits for the city. Therefore, the net benefits for the city operating with 10
briquette plants amounts to USD 168(bannually.

1 The economic value of acidification potential in the context of Kampala was hard to obtain and hence could not be
included in the soci@coromic analysis. It is being assumed that the DALYs utilized for the potential air pollution
captures the economic value to certain extent in terms of potential health benefits accruing to the society.
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Social impacts
Additional income from agricultural residue waste

As a predominantly agricultural country, Uganda generates large quantities of agricultural residues. The
major agricultural residues include maize cobs, groundnut shells and coffee and rice husks. Data provided
by the government indicated that annual agtiwral wastes available is 1.2 million tonnes (Uganda
Renewable Energy PolicM EMD, 2007)While these agricultural residues are important sources of
energy, currently they are burned in open field wasting valuable energy resources and also leading to
seious environmental pollution. In areas where there are large agricultural residues, briquetting fuel
plants can be established using local agricultural residue as input to their system. This will benefit farmers
and local residents. Farmers will benefidrh sales of agricultural residues and thus earning additional
income. The cost of the agricultural residues for the briquette plant, based on existing plant in Kampala,
is 129 USD/ton of which-B4 USD/ton is paid directly to farmers indicating that a0B,@on briquette

plant has the potential to provide annual additional income of USD 63@6808 to farmers. Thus, on
averagg(USD 8.5)the briquette plans for the city as a wholeontributes to providing additional income

to the farmer of 9.44 USD/tonfdoriquette produced, resulting in total annual additional income of
188,889USD from @,000 tons of briquettes.

In addition to providing additional income to farmers, briquette plant contributes to creating of
employment for the local communityHowever,the briquette business is likely to also impact the
livelihood of charcoal or fuelwood traderBhe briquette business has 50 full time workers earningal to
annual salary of USD 39,600 where the total monthly salary of the employees at a represdmigtiette

plant is USD 33,000 annually. Thus for the city as a whole, there is an opportunity for 500 additional
employment which leads to circulation of USD 396,000 annually in the economy. Business opportunities
aligned with briquettes business is codkwes which are more efficient in controlling emissions and
releasing particulate matter. It has been assumed that about 50% households adapt to cook stoves. Such
business opportunities can induce an additional USD 641,026 annually within the economy.

Savings for endsers

Replacing fuelwood with briquette fuels for cooking has the potential to contribute to reducing the costs
incurred by end users for cooking fuel. In this study end users are institutional and commercial users.
Table8 shows the potetial savings for end users from using briquettes. The energy content in 1 Kg of
briquette is 16.8 MJ while the energy content in 1 kg of fuelwood is 13.8 MJ (IPCC/OECD methodology;
Hu et al., 2014). Thus, less briquette by weight is required for the samoeiret of heat as compared to
fuelwood. In addition to the calorific value of the energy sources, the replacement value of briquettes to
fuelwood depends on the efficiency of cook stoves used in institutions. Based on calorific value only, the
use of 1 Kgfobriquette would conserve 1.22 Kg of fuelwood. Assuming efficiency of stoves of 45% and
50% respectively when fuelwood and briquettes are used for cooking, the actual price per MJ of useful
energy is 0.039 USD in fuelwood equivalent and 0.034 USD iretteiqequivalent. At the current price

of fuelwood (0.24 USD/kQ), using briquettes priced at 0.282 USD/kg has the potential cost saving of 13%
as compared to fuelwood used in institutional stoves. Total annual cost savings for end users from
producing 20,000 tons of briquettes is estimated to be USB7,478 The following table {able 15)
provides the figures for a representative plant operating in the city.

Tablel5: Savings to end users from using briquettes

Item Fuelwood Briquette
Fuelwoodreplaced by briquettes (ton) (A) 2,435 2,000
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Heating value (MJ/kg) (B) 13.8 16.8

Price (USD/ton) (C) 0.24 0.282
Efficiency of stoves (%) (D) 45% 50%
Actual price per useful energy (USD/NB¥ C/(B*D) 0.039 0.034

Total energy value dfielwood replaced (1000 MJF=A*B*D) 15,121
Savings from briquette use (%)
(G= [E (Fuelwoodj(Briquette)]/E(Fuelwood) 13%

Total savings from shifting briquettes (USyear) (E*F*G) 76,664

Health impacts

Use of fuelwood and other biomass in stoves with-gificiency and inadequate venting leads to indoor

air pollution exposing people working in kitchens to a major public health ha3ahir(ding et al., 2002
Biomass smoke contains a large number of pollutants that pose substantial risks to human health. Harmful
pollutants include particulate matter, CO, Né&hd S@emissions. Exposure to biomass smoke increases
the risk of diseases sh as chronic bronchitis, chronic obstructive pulmonary diseases and lung cancer
(Lim et al., 2013; Norma, 2011; Schirndigl., 2002.

Briquettes are direct replacement to fuelwood used in institutions which have a combustion efficiency of
45%. The fet that complete combustion of biomass is not achieved in the institutional cook stoves results
in production of toxic gases such CO and other toxic emissions. The combustion of briquettes in existing
institutional stoves will also result in emissions afit gases. However, briquettes have advantages over
fuelwood as they have low moisture content compared to fuelwood and thus less smoke and toxic
emissions are produced during briquette combustion. This will lower gaseous emissions in the kitchen and
exposure of people working in kitchens to health hazards.
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exposure to emission pollutants during briquette manufacturing should also be taken in to consideration

For example, communication with existing briquette plant in Kampala have revealed that the dust from

most of the agricultural residue is hazardous when inhaled by the workers. Thus there is a need to provide
workers with protective geafsAt the same tine households substituting briquettes for firewood for

cooking need to also substitute cook stoves designed for briquettes to reduce indoor air pollution.
However, this requires awareness about utilizing cook stoves and hence it is assumed that wodla be 50
adaptation rate once this is introduced along with the briquettes and households are informed about the
reduction in particulate matter when burning briquettes in the specialized cook stoves.

According to GVEP (2012), a household of 5 members usoalbpme 3 Kgs. of briquette for cooking
purposes. Therefore it can be estimated that 128,205 households can be served when 20,000 tons of
briquette is being produced. As mentioned earlier that since the adaptation rate for cook stoves is 50%,
about 320,58 persons would be able to avert indoor air pollution. DALY for indoor air pollution was used
to estimate the health benefits derived from used of cook stoves. The benefits derived from the DALYs
amounts to USD 2,211,538 annually. However, these househmddd to invest on the cook stoves to
avoid health impacts. Based on the fact that the price of cook stoves in Uganda is USD 5, the net annual
benefit for the households is calculated to be about USD 1.5 million. The opportunities and benefits from
a cookbusiness is separately considered in the social impact of the study.

2The costs associated with the protective gears amesiered in the financial analysis and is estimated to be about
USD 2500 annually. As the component is being present in the financial analysis it is not used for calculating net health
benefits to avoid double accounting.
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Financial analysis

In this section, the financial analysis arfe typicalbriquette businessis presentedwhich is used for
calculating the benefit cost ratio for the city as a whotnsidering 10 briquette plantsThe financial

viability is analyzed based on Return on Investment (ROI), Net Present Value (NPV) and Internal Rate of
Return (IRR) valuation criteria. The costs of the briquette business primarily include capital intestmen
and operating costs which include input cost, labour cost, O & M costs, utilities, marketing and packaging
costs. The useful life of the briquette plant is assumed to be 15 years. Total investment cost is USD
292,742. The production capacity of the pgl&2,000 tons/year and 2,222 tons of agricultural residue

will be purchased at a price of 129 USD/ton as feedstock. The selling price of briquettes is 282 USD/ton. It
is assumed that in the first year, 75% of the total briquette production is sold eitensl year, 85% and

in the third year and the rest of the period, 95%.The total number of full time workers is 50 and total
monthly labor cost is 3,300 USD. Other costs include marketing and distribution (12 USD/ton), packaging
cost (4 USD/ton) and utilés (42 USD/ton). Operating and maintenance costs are assumed to be 5% for
machine and equipment and 2% for building. A discount rate of 12% is assumed. Selling price of briquette
and other input costs are subjected to an escalation of 3%. A straight étieoohof depreciation is used

for depreciable capital costs assuming a useful life of 15 years with a salvage value of 10% of total
depreciable cost. Current tax for similar businesses in Uganda is 24% comprising of 18% VAT and 6%
withholding tax Refer tofinancial analysis document for details

The financial analysis of a briquetberisiness is presented ifiable 16: Financial results obriquette
business (USDResults show that the business model resulted in a positive net profit. In the first year
where it is assumed that 75% of production is sold, net profit is USD 20,175 while for second year where
85% of production is assumed to be sold, it is USD 30,483aa the rest of the period mean net profit
increases as proportion of sales to production increases to 95%. The ROI in the first year is 7% and
increases to 10% in the second year andhare than25% for the rest of the period. The payback period

is faur years. Assuming a discount rate of 12% and useful life of 15 years, the business model resulted in
a mean NPV of USIB84,681and IRR of 25% indicating that the business model is financially viable.

Tablel6: Financial results obriquette business (USD)

Year

0 1 2 3 4 5 6 7 X
Capital cost 292,742
Revenue:
Briquette sales 564,000 580,920 598,347 616,298 634,787 653,830 673,445 X
Costs:
Input cost 215,000 250,977 280,503 288,918 297,586 306,514 315,709 X
Labor cost 39,600 40,788 42,012 43,272 44570 45907 47,284 X
Marketing 18,000 21,012 23,484 24,189 24,914 25662 26431 X
Packaging 6,000 7,004 7,828 8,063 8,305 8,554 8,810 X
Utilities 63,000 73,542 82,194 84,660 87,200 89,816 92,510 X
O&M cost 9,025 9,295 9,574 9,861 10,157 10,462 10,776 X
Annual writeoff 8,460 9,876 11,369 11,710 12,061 12,423 12,795 X
Depreciation 15,870 15,870 15,870 15,870 15,870 15,870 15,870 X
Total cost 374,954 428363 472833 486542 500662 515206 530186 X
Interest payment 21,500 25705 - - - - - X
Profit before tax 26,546 39,714 95597 98941 102385 105933 109587 X
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Income tax 6,371 9,631 22943 23746 24572 25424 26301

Net profit 20,175 30,183 72654 75195 77,813 80509 83286 X
Cash flow (292,742) 36,074 46,052 88523 91,065 93682 96379 99156 X
ROI 7% 10% 25% 26% 27% 28% 28% X
NPV 284,681

IRR 25%

The above mentioned financial analysis is being used for the estimating the financial viability at the city
level. The benefitost ratio calculated for the businesses across the city is calculated to be 2.09 which
makes it financially viable.

Socieeconanic results

The consolidated socieconomic results at the scale of operation for Kampala as a whole is presented in
Tablel?. The analysis looked at the potential iaqp of dry fuelmanufacturingat three levels where the
levels range from including the direct benefits and costs that affect the business entity to including indirect
benefits and costs to other sectors. The annual social and environmental benefits stsdfroon the
business were discounted at a rate of 12% to obtain the present value of social and environmental
impacts.

The briquette business results in cost benefit ratio (CBR) of 2.09, NPV of USD 2,846,811 and ROI of 30%
when only direct benefits fronthe briquette production are taken into account. The NPV increases by
34% when environmental benefits are taken into account and to more than 400% when the environmental
and social impacts are taken into account. The ROI taking all externalities intaasc8@d% showing a

more than 100% increase compared to when only direct benefits are considered. The major contribution

to the economic feasibility of the business is from the social benefits. The total value of the social benefits

of the business is USIB million with major benefits coming from the savings in energy costs to end users
accounting for 57% of the total value of social benefits. Thus from a-scoimomic perspective, the dry

fuel manufacturing business model is highly attractive.

Tablel7: Net socieeconomic results of dry fuel manufacturing business

Financial and Social,
Financial environmental environmental

Socieeconomic result (USD/year) value value and financiavalue
Financial result:

NPV 2,846,811 2,846,811 2,846,811
Environmental benefit:

Value of net GHG emission saving 1,134,001 1,134001
Social benefit:

Savings in energy costs for end user: 522,7190
Additional income to farmers 128,6497
Value of employment 269,7102
Sell of cook stoves 641,026
Benefit:Cost ratio (BCR) 2.09 2.48 5.62

NPV 2,846,811 3,980,813 16,044,166
ROI (average) 30% 35% 87%
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Sensitivity analysis

Sensitivity analysis was performed to determine which variables have important effect on the socio
economic impacts of the business model. The most influencing factor in theesmm@mic performance

of the business model is the price of fuelwood whidituienced the savings in energy costs for end users.

The price of fuelwood is assumed to be 0.24 USD/kgg08 change in the price of fuelwood results in

NPV values ranging from USD 0.572 to 2.164 million USD. ROI and BCR showed respectively variations
ranging from 49% to 128% and 3.09 to 8.53 due te?@%variation in price of fuelwood. Thust20%

variation in price of fuelwood results #8% change in NP¥46% in ROl ant#47% in BCR values. The

other variable which has effect on the so@oonomic performance is the discount factor. The discount

rate assumed in this study is 12%t+25% variation in the discount factor resulted in NPV values ranging

from USD 1.12 milliorot1.695 million and BCR ranging from 4.95 to 6.94 while the ROI remains the same.

A 25% increase in discount factor results in 18% and 15% decrease in NPV and BCR respectively while a
25% decrease in discount factor results in 24% and 19% increase innNMBCR respectively. Other

factors such as the price of carbon credit and the price and price paid to farmers fereagioes do not

have a significant impact on the so@oonomic performance of the business modéie following table
(Table18) shows the variables that are assumed to be stochastic in nature for deriving the probability
distribution of the NPV of the net benefits derived from the integrated (findneiavironmental and

social) model.

Tablel8: Variables used for the stochastic assessment of the model

Variable Unit Distribution specified | Source
Price of USD/Kg | Triangular:(0.25, Based on existingusiness
briquette 0.282, 0.35)
Discountrate | % Triangular (10%, 12%)] Assumed
15%)
Carbon Credit | USD/t Triangular Distribution| Assumed
price CQeq. (5,7,10)
Economic value| USD Triangular Distribution| The lower range corresponds to estimates for
of a DALY (245, 300, 500) cancer and higher range to gross national per
capital income.

To perform a stochastic analysis for different variables were assigned with different probability
distribution and the NPV was calculated through iterations. The following filigerre4) presentsthe
probability distribution of the NPV, along with the probability of achieving a NPV above the calculated
mean value. The probability associated with the N€athing below the mean is 52% and the lower and
higher limits of 90% confidence interval for the distribution is USD 16.34 and 22.59 million respectively.
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Figure4: Probability distribution of the NPV of net benefits bfiquette businesses in Kampala

Conclusion

This study assessed the seeiconomic impact of a dry fuel manufacturing business model in Kampala,
UgandaThe socieeconomic analysis is conducted based on the valuation of financial, environmental and
socialbenefits and costs associated with the business motleé following conclusions can be drawn
from the study:

- The environmental impacts associated with the business model were estimated based on
emissions avoided from fuelwood combustion and open burnirggoitultural residues net of emissions
from the briquette business which included agricultural residue transportation, briquetting,
transportation and combustion of briquettes. The major contribution to GHG emission savings is from
avoided use of fuelwoodhich accounted for 97% of the avoided emissions. For other criteria emissions,
major savings are from avoided burning of agricultural residue in the open field. The combustion of
briquettes in stoves contributes the highest GHG and other criteria emissigsing efficient cook stoves

for combustion of the briquettes and improving the combustion efficiency of the briquettes could reduce
the life cycle emissions of the briquette fuels. Compared to the baseline scenario, the briquette business
results in né GHG and other criteria emission savings.

- The dry fuel manufacturing business model, in addition to combating deforestation and climate
change, generates additional income for farmers, creates jobs for local residents, and enables end users
to save on energy costs as well as improving the coaangonment.

- Looking at the overall soceconomic impacts, the business model is both financially and
economically feasible. There is a significant increase in the economic feasibility of the business due to
social and environmental benefits associateihvthe business. The business model has a potential to
result in social NPV of USD 16 million and ROI of 87%.
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- The major contribution to the economic feasibility of the business is from the social benefits with
major benefits coming from the savings ineegy costs to end users. Thus from a semionomic
perspective, the dry fuel manufacturing business model is highly attractive
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Socieeconomic impact assessment Omsite Energy Generation by
Sanitation Service ProvidenKampala

Introduction

To addess the sanitation and liquid and solid waste management challenges, during the past decade a
number of business oriented solutions to sanitation have been implemented in various developing
countries. In Kenya, thathi Water Service Board (AWSBave deeloped and implemented projects

that are aimed at improving access to safe water and sanitation for the informal settlements by building
toilet facilities with biogas systems. Such facilities are also referred tooaseBtres(AFD and AWSB,
2010).Thesebio-centers provide, not only toilet services but also cooking services to different users by
using the biogas generated from bitigestersfed with faecal sludge from the toilet facilitiesA number

of biogas systems have also been constructadstitutions such as schools, hospitals, prisons and other
institutions in Rwanda, Nepal and Philippines. The institutional biogas systems, in addition to improving
waste management, are jpnarily applied to save ofuelwood energy used for cookind.his lusiness

model can be implemented in institutions with large number of residents (schools, prisons, hospitals) or
as a separate business enterprise i.e. toilet complex with biogas system. In this report, we focus on the
later. The objective of this study ® assess thepotential sociceconomicimpacts ofonsite energy
generation system serving a targabpulationof 3,190 people in central zone of Kampala, Ugandae
socioeconomic analysis is conducted based on the valuation of financial, environrsotiand health
benefits and costs associated with the business model.

Description of technology

The business model has sanitation faciliaesla bio-digester. The technology applied by the business to

convert human waste into biogas is anaerob@ & a i A2y ® . A231 & A& al 3IlF & YAEC(
methane and 40% carbon dioxide that is formed when organic materials are broken down by
YAONROA2Ft23AO0IE | OGAGAGE Ay GUKS 1 0aSyO0OS 2F |ANE o
or heating.The bicdigester is fed with the faecal sludge (FS) from the sanitation fac#itiggppedwith

flush toilets(Figure 1)

Various types of organic waste can be used to produce bidgddel9 presents biogas yields of different
types of organic waste (mainly dung). The hydraulic retention time (HRT) ranges from 15 to 25 days
depending on the climatic conditiondverage HRT is 20 days at an ambient averagweratureof 25

°C.The biodigester unjtin addition to biogasproduces a digested slurry that can be used as liquid
fertilizer. Figureb shows the schematic diagram of the onsite energy generation of the business model.

3 Athi Water Service Board dse of the eight Water Boards under the Ministry of Environment, Water and Natural
Resources created to bring about efficiency, economy and sustainability in the provision of water and sewerage
services in Kenya.
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Figure5: Shematic of onsite energy generation business model

Tablel9: Gas yield potential of dung

Input Biogas yield (#tkg)
Human waste 0.020.028

Cattle dung 0.0230.04
Pigmanure 0.04-0.059

Poultry manure 0.0650.116

Source Updated Guidebook on Biogas Development site@imton and Reed, 2010

There are different types of biogas systems in use in developing countries. The two basic designs are fixed
dome type andfloating drum which are commonly found in Asian countries such as China, India and
Vietnam. A fixed dome digester consists of an underground brick masonry compartment (fermentation
chamber) with a dome on top for gas storage. The digester and the gag hoddmtegrated parts of the

brick masonry structure and the gas pipe is fitted on the crown of the masonry dome (Singh and Sooch,
2004).The floating drum modetonsists of a cylindrical shaped digester and floatinghgdder or drum

(Singh and Sooch0@4). This drum can move up and down depending on the amount of gas in the
digester. If biogas is produced, the drum is pushed up and when the gas is used up, the drum sinks
providing useful visual indicator of how much gas is available (Buxton and R&éjl, 2

Overall approach to socioeconomic analysis

In this study, the economic analysis of onsite energy generation in enterprises providing sanitation
serviceds conducted based on the valuation of seemnomic, environmental and health benefits and
costs associated with the business models assumed that public toilet complexes will be concentrated

in areas where there is high population density such as the central division of the city of Kampala. The
central division is the core economic zone wittp@apulation density of 23891 persons/ha. Total
population in the central division is 127,600 and 2.5% of the population (i.e. 3,190) is assumed to be
targeted to be catered by public toilets. Assuming that-A000 users are served per day per publitetoi

the number of public toilets required to serve the target population of 3,1905spdiblic toilets. The
public toilet in addition to dilets, is equipped with a biogas digester and has a meeting room which
can be rented outOur analysis ibasedon a 54 m3 biogas production unit sited at four different
locations.

The economic analysis of a project is concerned with its viability from a societal perspective and answers
the questions of whether it is economically rational to proceed with the prdjeetSouza et al., 2011). In
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contrast to a financial analysis, economic analysis provides a more comprehensive investigation on the
STFFSOGa 2F | LINRBLRASR LINR2SOGx dGF1Sa | oNRIFRSNJ LS
society (Raucher l., 2006). The analysis, therefore, includes benefits and costs that directly affect the
business entity running the project and the effects of the project on households, governments and
businesses outside of the agency.

Environmental impact assessment

The environmental impact assessment of a public toilet complex with a biogas plant capacity of 54 m3 per
plant is carried out to identify the impact on the environment of using human excreta to produce biogas
for institutional heating or cooking and also tompare these impacts with those created through the
existing mode of disposal of human excreta. The public toilet with a biogas plant has the potential to
mitigate the GHG and other emissions through the i) avoided emissions from open defecatiotadingep
fuelwood for cooking in commercial entities. Environmental impacts considered in this study include GHG
and other criteria emissiong &ble20).

Table20: Environmental impact categories

Environmental impact categories Assessment criteria unit
Climate change Carbon dioxide GO Kg C@equivalent
Methane CH
N20 emission
Sulfur dioxide (S£p Kg S©@
Nitrogen Oxides (N® Kg NQ
Other Carbon moneoxide Kg CO

Climate change impacts (GHG) emissions are expressed in a common unit ofdqui€alentusing
conversion factors of 1, 21, 310 for £OHand NO respectively (IPCC, 200Ihe GHG emissions balance

is estimated based on emiesis under baseline scenario i.e. emissions from open defecation and the use
of firewood for cooking by institutions. The climate change mitigation benefits of the conversion of human
excreta into usable energy which traps and uses the methane releasécgdine decomposition of
human excreta is based on a number of studisafig and Wan@014 Winrockinternational India 2008
Pathak et at., 2008

Baseline scenario

The situation under baseline scenaigdhat a large number of people in densely populated commercial
centers find it difficult to access a decent place of convenience and therefore resort to the practice of
open defecation in the nearby bush in and around city centers. Open defecation has envitahareh
health implications.

The main source of fuel for cooking for commercial and institutional proposes such as schools and prisons
and chop bars is fuelwoodhe GHG and other particle emission effects fitin use of fuelwoodare
estimated based otfPCC default factor§he GHG and other emission®i@ed as a result of using human
excreta to produce biogas and the resultant avoided use of fuelwood for cooking by institutiens ar
measured in terms of the avoided kg of &0d other pollutant{SQ, NOx, CO).
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System boundary

The system boundary for this study starts with the use of public toilet facility and ends with the biogas
combustion in commercial and institutional kitchens. The environmental impact at each stage is
accounted for by calculatirthe GHG and other criteria emissions. The energy used and the environmental
impacts associated with use of equipment in the construction of the toilet facility and biogas parta
included inthis study.

Source of energy for end users under baseline

Under baseline it is assumed that institutioderive energy for theicooking activitiegrom fuelwood
The environmental emissions associated with the use of fuelwood as fuel during cooking are shown in
Table21.

Table21: Emission factors from combustion of firewood

Emissions Kg emission/kg diielwood

CQ emission 1.513
CH emission 4.14E03
N.O emission 5.52E05
SO2 emission 0.7E02
NOxemission 1.38E03
COemission 6.9E02

Source: IPCC/OECD methodology; Okello, 2014
Human excretander baseline

The practice of open defecation which some city dwellers resort to in the quest for a place of convenience
results in human excreta beirgft in the open environment indiscriminately and the decomposition of
which emits methane into the atmosphere. The GHG and other emission effects from open defecation
were estimated based on the findings of the study conducted by Winrock Internationa) 268 {able

22).

Table22: Methane emission from human excreta

Source unit value
Open defecation Kg/person/day  0.00108
Pit latrine Kg/person/day  0.00046

SourceWinrock International India, 2008
Biogas production

The main feedstock for the biogas production process is human waste from the public toilet facility. Biogas
production is assumed to be 0.04 m3/person/day (Bond &achpleton, 2011)Assuming 800 users per

day per public toilet and assuming operational efficiency of 80%, a total of 7,562bingas per public

toilet is produced annually. Thus four public toilet complexes with 800 users produces 30,114 m3 of biogas
per annum. The biogas is channeled directly to commercial users for cooking and heating. The GHG
emissions from the biogas plant include emissions from methane leakage, emissions from biogas
production and combustion (Table 5). Based on IPCC, 2001, lezk@hd from the biogas plant ranges

from 5 to 15%. In this study a methane leakage of 10% is assumed. Following Zhang and Wang, (2014)
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this study assumes GHG emissions of a 4.522kd CG-eq per MJ and 1.17 kg &€q per m3 of biogas
during production and combustion of biogas respectivelis values are shown Trable23.

Table23: GHG emissions from the biogas plant

Unit Value Source
Methane leakage (%) % 10 Pathak et al., 2009
Density of methane Kg/m? 0.71 Pathak et al., 2009
Emissions from 1 MJ of biogas Kg C@eg/MJ  4.52E03  Zhang and Wang, 2014
Biogas combustion Kg C@eg/m? 1.17 Zhang and Wang, 2014

Environmental impaaesults

This section presents the GHG and other criteria emissions under baseline and alternative scenario. The
emissionainder baselinare the emissionavoided as a result of employing biogas as the energy source

for cooking in institutions thereby regting the use of fuelwood he emissions from thieusiness are the

total of emissions associateditiv emission during biogas production and combustion procdsdal
emission savings is the total avoided emissions net of the emissions frobmwotees plant

Emissions under baseline scenario

Under the baseline scenario, the total emissions are those attributed to emission from open defecation,
emissions from the use of fuelwood by institutions. A sum of all these emission levels gives total avoided
emissionsdue to biogas use. The business model also results in environmental emissions which are
generated from the processing of the feedstock into biogas. Total GHG emissions savings is the difference
between total avoided emissions and total emissions fromiiogas production process.

Table24 shows the emissions avoided as a result of biogas production using human excreta as feedstock.
GHG emissions avoided per unibafgas produced is 3.93 kg £€9uivalent/m3. Avoided emissions from
firewood usage gives the most significant sources of saving in GHG emissions accounting for 83% of the
total savings. Savings in other emissions are majorly from avoided use of fuelwood.

Table24: Emission savings per m3 of biogas generated by onsite energy model

Savings from GHG emissions Other criteria emissions

CQ SQ NG CO
Open defecation 0.71
Use of fuelwood 3.22 0.0139 0.0027 0.137
Total savings 3.93 0.0139 0.027 0.137

Emissions undaBiogasmodel

The main composition of biogas is methane@Hd Carbordioxide (C@) and the leakage of these gases
from the digester and valves provides a potent emissions source for these GHGs duriniggas
production process itself. GHG emissions are triggered from the use or combustion of biogas during
cooking Table25below shows GHG emissions from the biogas business model-egQialent. The GHG
emissions per m3 of biogas is 1.347 kg €@ith the highest contribution to GHG emissions originating
from combustion of biogas (1.17 kg £%9).

38



Table25: GHG emissions per m3 of biogas generated (kg €Q°)

Emissions from GHG emissions
CQ

Methane leakage 0.053

Biogas production 0.124

Biogas combustion 1170

Total emissions 1.347

Net emissions

The biogas plants produce a total of 30,113 ahbiogas per annum. This amount of biogas substitutes
59,878 kg of fuelwood, the GHG emission of which is 96,826 kgdBigure 6) Moreover, the toilet
complex will serveéhe population which previously resorted to open defecation, the methane emissions
of which is 21,343 kg G@g. Thus total emission saving from avoided fuelwood use and open defecation
is 118 ton C®eq. However, the biogas plant leaks methane of 1,604&eq and results in GHG
emissions of 38,968 kg of €€y during production and combustion of biogas which contribute to global
warming. The net GHG emissions savings is 77.60 terdqlyar.

60.00

40.00 35.23

20.00
3.73 1.60
- [ | —

Open Firewood Biogas Methane Bogas
(20.00)  defecation combustion production  leackage  combustion
(21.34)

(40.00)
(60.00)

(80.00)

GHG emissions (ton G€qglyear)

(100.00)
(96.83)

(120.00)

Figure6: GHG emissions and siags from 4 public toilet complexes with biogas plant

Value ofCarbon creditand other emissions

In this study it is assumed that carbon credits will be traded in Voluntary Emission Reduction (VER) units

as VER is suited for small scale projects ande@lckin volumes that are targeted to clients seeking small
reductions to offset their footprints. The VER uniedgiivalent to a reduction of 1 ton of G@quivalent
emissions(Reuster 2010Based on the World Bank (2014), carbon credit prices in tHelEBU#ange about

USDR Gemd Ay Hamn gKAES LINAOS& ¢S NIsassyned thaycarboo € mo O
credits are worth on average USD 7 per ton of &fdivalent Table26). The total annual value of carbon
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credit is USD 543dowever value of the other emission savings that have acidification potéha)
were not included in the analysis.

Table26: Annual value of GH@mission reduction from ESCO model (120 KW)

Item Amount
Total GHG emission savings (ton&p 118.17
Total GHG emissions from biogas business (ton CO2 eq) 40.57
Net emission savings (ton e&Q/year) 77.60
Price of VER (USD/ton £Q) 7

Total valueof Carbon credifUSD/year) 543

Social impacts
Savings in energy cost for easers

Using biogas instead of fuelwood has the potential to result in savings for end Tiabts26 shows the
potential savings for end users from ustriggas The energy content inrh3 of biogass 27.44MJ while

the energy content in 1 kg of fuelwood is 13.8 MJ (IPCC/OECD methodalogtyald 2014)In order to
estimate the total value of fuelwood savings, the total amount of fuelwood replaced by biogas is
calculated using the heating value per unit of fuelwood and biogas. The net annual biogas production from
the toilet facility after accounting for methane leakage is 30,114 m3 which has a potential to replace
59,878 kg of fuelwood.He biogas assumed toe piped to adjaceninstitutions (e.g. cafes, restaurants).

Each biogas plant is assumed to serve one institutional kitchen whiehdooking stoves with a large size

(45 kg) gas cylinder. The biogas is sold to institutions at the prevailing price of 2.13 USD/m3 of LPG. The
LPG equivalent of biogas is assumed to be 0.43 kg (Singh and Sooch, 2004). Thus the price of biogas is 0.92
UD/m3. Assuming efficiency of stoves of 45% a0@% respectively when fuelwood ahibgasare used

for cooking, the actual price per MJ of useful energy is 0.039 USD in fuelwood equivalent &id$®003

in biogasequivalent. At the current price of fuelwdo(0.24 USD/kg), usifgogashas the potential cost

saving ofl4% as compared to fuelwood used in institutional stoves. Total annual cost savings for end
users from utilizing30,114 m3of biogasis estimated to be USD,959 However, shifting to biogas ba

cost implications for the end users as there is a need for a one time investment in biogas cooking stoves.
The total incremental cost of shifting to biogas is estimated based on the cost of institutional stoves with
large size gas cylinder in Uganda. Tdtal incremental cost for end users is estimated to be USD 7,461
(Table27). The switch to biogas from firewood use also save time spent preparing food. Saviagkiimy

time using biogas compared to biomass fuels average about 1.82 hours per day in Uganda (Habermehl,
2008). This makes available a significant of extra time to be used for miheuctive activities.

Table27: Incremental csts and benefits from shifting to biogas for end users

Fuelwood Biogas

Cost savings from shifting to biogas:

Fuelwood replaced by biogas (Kg) (A) 59,878

Heating value (MJ/unit}B) 13.8 27.44
Unit price (USD/unit) (C) 0.24 0.92
Efficiency obtoves (%}D) 45% 100%
Actual price per useful energy (USD/NB¥C/(B*D) 0.039 0.033
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Savings from shifting to biogas (%) 14%
Total energy value of wood replaced (MJ)

Cost savings from shifting to biogas (USD/year) 1,959

Incremental cost ashifting to biogagfor 4 institutions)

Investment in institutional cooking stoves 6,933
Investment in 45 kg cylinders 528
Total one time investment on cooking stoves 7,461

Health expenditure savings

Using biomass instead of fuelwood or other biomasses has the potential to improve indoor air quality and
thus contributes to preventing a number of health conditioBgposure to indoor air pollution from the
combustion of fuelwood is a major causere$pratory diseasesnostly among young children and their
mothers (Bruce et al., 2006; Smith et al., 2004arious studies have pointed to the health impacts
associated with exposure to indoor air pollution due to use of solid fuels (Renwick et al., R0Gidjng

these health related expenditures by using clean cooking fuels such as biogas presents savings to end
users. Also found in the literature is a number of studies that have consistently demonstrated that the risk
of contracting diarrhea is reducedgsificantly by 32945% through sanitation interventions such as the
adequate disposal of human excrdi@airncross et al., 2010; Renwick et al., 2007; Fewtrell et al., 2005).
Improvement in water and sanitation facilities has the major advantage of eosigs related to health

care mainly due to the reduced number of treatments of diarrhea (Hutton and Haller, 2004).

Time savings from access to toilet service

Having access to toilet services results in saving in time spent in accessing a plamecafence away

from home or public place or work such as associated with open defecation (Renwick et al., 2007). Based
on a study by Renwick et al. (2007) and Hutton and Haller (2004), it is estimated that 75% will quit open
defecation and 30 minutes Wwibe saved per person per day due to the provision of public place of
convenience compared to the baseline situation of open defecation. In order to value the time gained, an
hourly rate of 0.22 USD which is equivalent to unskilled rural labor wage ratganda can be used to
estimate the economic value of time gained (Renwick et al., 2007). Based on these assumptions, the public
toilet complexes with a potential to serve a total of 3,190 persons per day have the potential to result in
time savings of 47625 hours per year which is valued at USD 103,516.

Financial analysis

The financial viability of the business is analyzed based on the Return on Investment (ROI), Net Present
Value (NPV) and Internal Rate of Return (IRR) valuation critdréafinanciaresults presented in this

section are for 4 plants which will serve a target population of 3,190. Each plant has a capacity of serving
800 people per day and has a biogas plant capacity of 54 m3. Total investment cost per plant is USD 56,000
and includesthte toilet facility, biogas digester, a space for rental, labour and materials for construction.
Biogas digesters have a useful life of 20 years (Singh and Sooch, 2004). However, the toilet stances are
assumed to have a useful life of 7 years after whidythave to be replaced. The toilet facility is assumed

to have 8 toilet stances, each costing about USD 417 (NEDN2EL1). Investment on toilet facility is

done on the 7 and %year to replace toilet stances (Renwick et al., 2007; IRC, 199%).reqired per

facility is 100 m2. Each plant is run by a community based organizations (CB@ppigns and training

on how to run the facility including training on biogas technology is provided to the members of the
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community at the beginning of the projegear. Total cost for training is USD 10,p@0 plant(based on
Umande trust TOSHA 1 kentre business case in Kenya). Land is to be granted by the municipality while
the investment cost including training is to be funded by developmental agenciespamdtional costs

are to be covered by the community which run the facility.

Revenuestreams for theoilet facilitiesinclude fees from toilet use, revenue from biogas use and revenue
from rental spaceAdditional revenue could be generated from sellifig slurry from the digester,
however, in this analysis this is not considergdilet fee per use in Uganda ranges from USD 0.09 to USD
0.15 with an average of 0.10 USD/use. Daily biogas production depends ofedalbiudge fed to the
digester which Bo depends on the number of toilet users. To determine revenue from biogas, the LPG
equivalent of biogas produced is calculated and the prevailing price for LPG in Uganda is used. LPG
equivalent of biogas is 0.43 kg (Singh and Sooch, 2004) and curreptic® G 2.13 USD/kg in Uganda.
Moreover, a 20% biogas loss due to leakage or other factors is ass{iRaéer to financial analysis
document for details).

Table 28 presents the financial results of 4 public toilet complexes with an onsite energy generation
serving a total of 3,190 people. Results show that the target onsite energy generation businesses have the
potential to operate under profit and result in a NPMUSD 185,249 and IRR of 25%.

Table28: Financial results of onsite energy generation business model (USD)

Year

0 1 2 3 4 5 6 7 X
Capital cost 223,300 13,302
Total revenue 112,681 113,238 113,812 114,403 115,012 115,639 116,285 X
Operational costs:
Campaign/training 40,000 X
Operationalcosts 52,547 54,124 55,747 57,420 59,142 60,917 62,744 X
Operating profit 60,133 59,114 58,064 56,983 55,869 54,722 53541 X
Cash flow (263,300) 71,298 70,279 69,229 68,148 67,034 65,887 51,404 X
ROI 27% 26% 26% 26% 25% 25% 24% X
NPV 185,249
IRR 25%

Socieeconomic results

The potential socigeconomic impact of the onsite energy generation model serving 3,190 end users is
presented in Table xxx. The seeiconomic impact includes not only cost and benefits that directly affect
the business entity but also cost and benefitattimpact parties outside the entities i.e. externalities. The
consolidated soci@conomic results are presentedTiable29. The analysis looked at the potential impact

of onsite energy generation model at three levels where the levels range from including the direct benefits
and costs that affect the business entity to including indirect benefits and costs to other sedters. T
annual social and environmental benefits and costs from the business were discounted at a rate of 12%
to obtain the present value of social and environmental impacts. The business model is financially and
economically feasible showing positive NPV a@@RBf greater than 1. Moving from the financial results

to including the environmental impacts, the incremental benefit from the GHG emission savings (benefit
from carbon credit) is minor showing an increase in NPV of only 2% (USD 189,307). In cortidBY/ th

of the target onsite energy generation businesses after including the social impacts is USD 302,248 and
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the ROI is 29% indicating that the NPV and the ROI increase by 63% and 34% respectively when the social
benefits associated with savings for ensets and value of employment are accounted for. The social
benefits associated with time savings for end users was not accounted for in determining the NPV and
ROI. The public toilet complexes with a potential to serve a total of 3,190 persons per dathéave
potential to result in time savings of 470,525 hours per year which is valued at USD 103,516, assuming a
0.22 USD/hour wage rate for unskilled labour in Uganda.

Table29: Socieeconomic results of onsite energy generation nedd

Financial and Social,

Financial  environmental environmental
Socieeconomic result (USD/year) value value and financialalue
Financial result:
NPV 185,249 185,249 185,249
Environmental benefit:
Value of net GHG emission saving 4,057 4,057
Social benefit:
Savings in energy costs for end users 7,174
Value of employment 105,767
Benefit:Cost ratio (BCR) 1.79 2.13 2.63
NPV 185,249 189,307 302,248
ROI (average) 22% 22% 29%

Sensitivity analysis

The importance of variables in influencing the NPV, BCR and ROI were analyzed through a sensitivity
analysis. The price fuelwood, price of LPG and discount factor were varib¥%ywhile keeping other

variables constant to assess the resulting effectr@noverall economic feasibility of the business model.

A+25% variation in discount factor resulted ir40% variation in NPV. Prices of fuelwood and LPG were
varied to assess the resulting effect on social impacts of the business and consequenty awertll

economic feasibility of the business. A 25% increase in price of fuelwood resulted in 9% increase in NPV
and 4% increase in BCR while a 25% increase in price of LPG resulted in an 8% decrease in NPV and 4%
decrease iBBCRThus an increase in thmice of fuelwood is associated with higher savings for end users

and positive net social impacthe following tableTable30) indicates the stochastic variableadasfor the

simulation of the NPV.

Table30: Variables selected for the stochastic analysis of the saonomic model

Variable Unit Distribution specified Source

Number of | # Triangular:(600, 800, Assumed

users 1000)

User fees | USD/user Triangular Distribution: | Assumed
(0.09, 0,10, 0,14)

Biogas m?person/day | Triangular:(0.35, 0,4, Bond and Templeton, 2011

production 0.5)

Discount % Triangular (10%, 12%, | Assumed

rate 15%)

Carbon USD/t C@eq. | TriangularDistribution Assumed

Credit price (5,7,10)
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Economic | USD Triangular Distribution | The lower range corresponds to estimates fg

value of a (245, 300, 500) cancer and higher range to gross national pg
DALY

capital income.

To perform a stochastic analysis differeairiables were assigned with different probability distribution

and the NPV was calculated through iterations. The following figftigure 7)resents the probability
distribution of the NPV, along with the probability of achieving a NPV above the calculated mean value.
The probability associated with the NPV reaching below the mean is 49% and the lower and higher limits
of 90% confidence inteal for the distribution is USD 1.79 and 1.96 million respectively.

Values x 10...
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Figure7: Probability Distribution of the NPV of the net benefits accruing from the biogas plants

Conclusion

This study assessélde socieeconomic impact of onsite energy generatibasiness model in Kampala,
UgandaThe socieeconomic analysis is conducted based on the valuation of financial, environmental and
socialbenefits and costs associated with the business model.

The enwonmental impacts associated with the business model were estimated based on
emissions avoided from fuelwood combustion and open defecation net of emissions from the
business model. Emissions from the business model accounted in this study include r@missio
associated with methane leakage, biogas production and combustion. The major contribution to
GHG emission savings and other criteria emission is from avoided use of fuelwood which
accounted for 81% of the avoided GHG emissions. The combustion of in@gages contributes

the highest GHG. Compared to the baseline scenario, the business model results in net GHG and
other criteria emission savings.

Although there is a need for additional investment in cooking stoves for end users when shifting
to biogas,the estimated value of net savings in energy costs is higher than the one time
investment in cooking stoves.

The business model has a positive social impact to end users thorough the delivery of improved
sanitation services which result in cost savirggehd users from avoided expenditures on health
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expenditures, saving in time spent accessing a place of convenience and savings in time spent
cooking.

Looking at the overall soceconomic impacts, the business model is both financially and
economically éasible. There is a significant increase in the economic feasibility of the business
due to social and environmental benefits associated with the business. The business model has a
potential to result in social NPV of USD 0.329 million and ROI of 31%.

45



Socieeconomic impact assessmentkrfergyService Companies at Scale
- AgroWaste to Energy (Electricitylisiness model iKampala

Introduction

The access to modern form of energy is a challenge to most countrigBahara Africa, where the
majority of people still depend mraw biomas source for their energy needs. This prevaibitgation
stifles developmental efforts and encourages the prevalence of poveiggénerally accepted fact that

the access to reliable and affordable energy is imperative for the economic and social development of
country. The economic prosperity and quality of life of a country are closely linked to the level of its per
capita energyconsumption(Singh and Sooch, 2004). The provision of reliable, secure and affordable
energy services is a key factor in providing basic human needs that improve the quality of life and that
ensure sustainable development (Amigun et al., 20X@nsequenly, initiatives to improvethe
availabilityof and reliable access to energy for the poorest communities around the gkdbbeercentral

to developmental effortsin such instancethe use of small scale sustainable energy sources such as
biomass gasifation is oftenpreferredover the extension of existing national grid infrastructure, which in
most developing countries is already struggling to cope with existing demand (Hazelton et al., 2013)

The majority of the population in Uganda are rural dwellgrith 84% of the population living in rural
communities, however, connection to the nat@miectrification grid is centeredraund the major cities
leavingonly 1% of the nationaélectrificationgrid available to rural dwellef@uchholz and Volk, 20).2

Most Ugandans rely on traditional biomass for energy and about 90% of the total energy needs of
Ugandans are supplied by fuelwo(®ingh, 2004)It iswell accepted that this fuelwood consumption is

not sustainable and is also an inefficient source ridrgy with its associated adverse socladalthand
environmental consequences.

Low levels of development emanating from inadequate access to enetbgrisfore a major issue in

Uganda where the majority of people depend on biomass use for their esergges. In order to reduce

0KS 2@0SN) RSLISYRSYOS 2y GKS | f NBIFIR& 20SNBEUNBGIOKSR
sources are being encouraged including the use of local biomass resources in energy generation which
forms the focus of the @y it NBE Q& NB Y S 4| 10i§ & gertersly Naddview JBat smallesgale,
decentralized, woodased bio power systems could be more efficient in meeting the energy needs of

rural households as weds enable the achievement of their development objeetwvhere rural Uganda

is no exception. Thikerefore makes such systems a potentially viable alternativeadf electricity and

energy solution to rural Ugandans.

This study sets out to conduct a socioeconomic impact assessment of a small scale sneice
company in Uganda that uses the process of biomass gasification to process residue from agricultural
production (mainly corncobs) to generate electricity, which is then sold to surrounding communities
through a mini grid.The socieeconomic anal§is is conducted based on the valuation of financial,
environmental and health benefits and costs associated with the business model.

Technology description

Biomass gasification enable the conversion of biomass wastelinglagricultural residues infaroducer

gas, which can then be burned in simple or combingde gas turbines to produce energy or electricity
(IRENA, 2022Two types of biomass conversion technologies can be identified generally i.e. Gasification
and Combustion
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Gasification is undeaken using gasifisrwhich can be either fixed bed twidized bed. The resulting gas

is a mixture of carbon monoxide, water, £0har, tar and hydrogeand can be used in combustion
engines to produce energffRENA, 20)2In most cases the particular form of the gasifier adopted
depends on the capacity of the installation, the quality of the available feedstock, the quality of gas
required and environmental pollution standards (Tennigkeit et al., 2006)

Fluidized bed gdsars

For small to mediums sized capacity installations, the fluidized bed gasifiers are not deemed suitable due
to large amount of waste water that is discharged and the eissed environmental challengesupled

with its complicated operation and maintance systemsThese gasifiersan however accommodate
different range of feedstock.

Fixed bed gasifiers

These gasifierare characterized by high electric efficiency even on a small scale and have the potential
of using the waste heat from the systeifinere are two main types dixed bed gasifierghe Up-draught
and the Dowrdraught gasifiers
- Updraught gasifiergpresent the simplest technical solution and show high efficiencies but they
produce high amounts of tar and hence are not well suited for production of electricity.
- Downdraught gasifierhave a lower gasification efficiency but produce gas with a lowdatent
which is suitable for engines. Aslawnsidethey have more strict requirements on the feedstock
resulting h more demanding logistics. Thyasifier has been widely used for rural electrification
in India and Thailand using agricultural residasseedstock.

Technology and processes

The electricity generation system consists of a gasifier, filters and a gas engine connected to a generator.
The gasifier is a dowdraft type, where the feedstock is loaded from the top into the hopper through to

the combustion chamber. Airdsawnthrough the top, and partial combustion occurs under a restricted
supply of oxygen to give producer gas, whiomprisef hydrogen, carbon monoxide and methane. The
residual char drops to the bottom of the chambertas subsequently removed. The gas that is generated

is water cooled and cleaned through a series of filters made of char and finally a cloth filter to eliminate
particulate matter. The gas is then burned in an engine that is connected to a generatbr gemerates
electricity.

Tar and ash are removetliring shut downs and at regular schedules friva cooling and cleaning usit

of the gasifier system abey adversely affect the performance of the engine phaducer gas modef
operation an appropriaterovisionis made forinitiating combustionwhich can completely eliminate
dependence on diesel especially in remote locations, where transportation of diesel itself may be a
difficult task (Nouni et al., 2007y he dectricity gererated isthen distributed tovarious households and
other commercial consumetirough a locly establishedyrid (Figure §.
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Figure8: Process diagram of gasification

Biomass feedstock in Uganda

The main energy source in Ugandaimntass contributing over 90% of the energy requirementthef
countrymeanwhile, Ugandhas a gross energy potential from biomass residues equivalent to 70% of the
gross biomass energy requiremefdEMD, 2008)Agricultural production is a predominant economic
activity in Uganda, generating large amounts of crop residues every JahleB1). The most common
method of disposal of these crop and other biomass residuesltivated fieldss by burning duringand
preparation for the next planting seasonResidues from agricultural processing facilities also
challenging to disposeff due tocosts incurred in their disposdven though these residues can be used

in the production of energy presenting a more environmentally friendly way of their sidpbeir use as

an energy source is very limitedilgandaOkello et al., 2013).

Table31: Crop residues in Uganda

Crop produced Annual production (Kg Type of residue  Quantity of residue (Kg

Maize 2363 Stalk 4726
Maize Cobs 638
Millet 264 Straw 369
Sorghum 373 Stalk 523
Rice 189 Straw 85
Beans 929 Trash 1300
Groundnuts 245 Trash and shells 514
Banana 4297 Stalk and peels 8594
Cassava 2894 Stems and peels 1158
Sweet potato 1818 Vines and peels 727
Pigeon peas 11 Stems 15
Soybean 23 Trash 62
Sesame 98 Trash 196
Sugar 197 Bagase 49
Sugar Tops 63
Coffee 212 Husks 212
Cotton 23 Stalks 49

Source:Okello et al., (2013)
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Overall approach toogioeconomic analysis

In this study the economic analysis of agi@ste to electricity ESC®usiness model is conducted based

on the valuation of soci@conomic, environmental and health benefits and costs associated with the
business modelOur analysis ibasedon an 8 MW generation capacity plaifhe economic angsis of

a project is concerned with its viability from a societal perspective and answers the questions of whether
it is economically rational to proceed with the project (De Souza et al., 2011). In contrast to a financial
analysis, economic analysis pe$ a more comprehensive investigation on the effects of a proposed
LINEP2SOGZ GF{1Sa&a I ONBIFRSNI LISNELISOGA DS RaycReraR&.0 SNXYAY
2006). The analysis, therefore, includes benefits and costs that directly tfécbtisiness entity running

the project and the effects of the project on householdigsinesses and industries, agovernments. The
analysis also includes the benefits and costs that cannot be readily measured using observable market
prices and costs @Souza et al., 2011).

Environmental impact assessment

The environmental impact assessment of an 8 MW capacity biomass gasification plant is carried out to
identify the impact on the environment of using agricultural residues in biomass gasification based

electricity generation systems to produce electricity and also compare these impacts with those created

through the existing mode of disposal of these agricultural residues. The impacts considered under this
study include climate change and acidificatanshown in the following tablerable32).

Table32: Environmental impact categories

Environmental impact categories Assessment criteria unit

Climate change Carbon dioxide GO Kg C@equivalent
Methane CH
Nitrous Oxide BD

Acidification Sulphur dioxide SO Kg S@
Nitrogen Oxide NO Kg NQ

Climate change impacts (GHG) emissions are expressed in a common unitegfu@@ent. For each
emission, the characterization factor with global warming potential (GWP) employed is given as: Carbon
dioxide 1 C@equivalent, methane (CH21 C@equivalent and Nitrous Oxide {8) 310 C@equivalent

(IPCC, 2001 The emissions with acidification pot&i are given the following characterization factors:
Sulphur dioxide (S1 S@-equivalent and Nitrous Oxides (NO.7 S@equivalent (Kimming et al., 2011).

The GHG emissions balance is estimated based on the baseline scenario i.e. the open burning of
agricultural residue on farms and the use of fossil fuel based electricity generator Hyonseholds or
commercial and institutional users for their electricity needs. The climate change mitigation benefits of
the agricultural residue gasification systds assessed based on the findings of a number of life cycle
assessment studies (Shafie et al., 2(Rdiz et al., 20LZanchi et a].2013)

Baseline scenario

The situation under baseline scenaisdhat agricultural residues mainly corncobs are bumthe open

field after processing of the harvest by removihg seed from the cobs. Households derive energy for
their lighting needs from kerosenBectricity supply for commercial centers and other public centers are
derived from fossil fuel (diesekegerators).The GHG and other particle emission effects from agricultural
residue burning are estimated based on Shadteal. 2014. Emissions from fossil fuels (diesel and
kerosene) are calculated based $parrevik et al., 2012. TI@HG and other emissions avoided as a result
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of using the agricultural residues and the generation and use of electricity are measured in terms of the
avoided kg of C£and other pollutant{SQ and NQ).

System boundary

The system boundary for this studiarts with agricultural residue collection and transportation and ends
with the electricity generation process. The total agvaste generation in Kampala and the perban

areas are estimated to be 1000 tons per day (Sabiiti, 2011). The financiaistwked into the viability

of an 8MW electricity generating plant which consumed 250 tons of agrowaste per day. Given this
condition, it has been assumed that 4 such plants need to operate in Kampala and thebperiareas.

The environmental impact atach stage is accounted for by calculating the GHG and other criteria
emissions. However, there are two constraints of the socioeconomic model. First, although the emissions
from agrowaste was calculated in the baseline condition, the economic value dveote acidification

was partly assessed by the health benefits achieved by generation of the electricity from the agrowaste.
The primary reason for the partial assessment was due to paucity of data on economic value of
acidification averted in the contexif Kampala. Secondly, energy used and the environmental impacts
associated with the main agricultural crop production and equipment employed in the gasification process
were not included within the scope dhis study.

Source of energy for end users untlaseline

Under baseline it was assumed that househaldsive energy for their lighting needs from kerosene.
Hectricity supply for commercial centers and other public centers are derived from fossil fuel (diesel
generators)ln Uganda, about 84% of théeetricity comes from hydropower and the rest from coal based
power plants. The environmental emissions associated with the use of kerosene lamps by households,
diesel generators and coal based thermal power plants are showalile33.

Table33: GHG emissions associated with kerosene use and diesel generators under baseline

Source of emissions Unit Value
Kerosene:

CQ emissions Kg CaQlit 2.520
CH emissions Kg CHlit 0.00035
N.O emissions Kg NO/lit 0.000021
Diesel generators:

GHG emissions Kg C@eq/kwh 1.227
(CQ & CH)

Coal based electricity

GHG emissions Kg C@eq/kwh 0.9

(CQ & CH)

Source: Zanchi et al., 201®/orld Resource Institutiettp://www.ghgprotocol.org/calculatiortools/all-tools
http://www.epa.gov/ttnchiel/conference/ei20/sessions5/mmittal. pdf;
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC21207/EUR%2019754%20EN. pdf

Agricultural residue under baseline

Agricultural residues are burnt in open field after processing of the harvest by removing the seed from
the cobs. The GHG and othemission effects from open burning were estimated based on Shafie et al.,
2014 and Sparrevik et al., 20IPaple34).

Table34: Emission faatrs for open burning of agricultural residue under baseline
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Emissions Emission factor
(kg emission /kg of dry residue burned)

CQ 1.522
CH 0.0012
N2O 0.00007
SQ 0.002°
NGO 0.0031°
CO 0.0347°

Source?Shafie et al., 2014%&parrevik etl., 2012
Agricultural residue transportation and gasification

The agricultural residue to be used in the biomass gasification process is corncobs sourced from maize
farmers spread across the communities. For an 8MW capacity plant a total of 250 tormmafsbiis
required per day. The GHG emissions are calculated in terms@fqD®alent of all emissions as a result

of agro residue collection and transportation to the gasifier per kwh of electricity generated. Emissions
associated with transportation cigroresidue are calculated assuming a maximum distanc@0dm
radiusfrom the gasifier to the various collection points using a truck of 25 tons load capacity. The effective
load carried on each trip is 15 ton (Ruiz et al., 2013). The use of trudtsri@sG@emissions from use of
fossil fuels (Ruiz et al. 2013). Following Ruiz et al., (2013) this study assureesss@ns of 3 kg/liter of
diesel used on the average distance of 30 km and mean diesel consumption of 0.45 litaralitel5

shows the parameters and assumptions made in the residue transportation model for a plant capacity of
8 MW. The total GHG emissions from transportation of the agaete utilzing the parameters mentioned
above was calculated to be 175.5 tons ok@@Q. for each plant annually. Similarly, the GHG emissions
from the gasifier was estimated to be 18,614.45 tons of & for each plant annually. Therefore, the
total emissions frmn each of the plant from transportation and gasification is around 18790 tons of CO
ed. annually.

Table35: CQ emissions from gasification plant (transportation of agiwaste and gasification)

Transportation parameter unit value reference
Average distance of travel by agn@ste to Ruiz et al., (2013)
gasifier km 30

Capacity of truck for transporting agmwaste  Kg 25,000 Ruiz etal., (2013)
Max biomass weight in truck based on truck Ruiz et al., (2013)
volume kg 15,000

Diesel consumption rate of truck liters/km 0.45 Ruiz et al., (2013)
Number of trips per annum # 4333 Calculated

CO2 emissions per liter of diesel Kg CQ@lt 3 Ruiz et al., 2013
CO2 emission$sasification Kg Ceeg/kwh  0.612 Zanchi et al.,2013

Environmental impact results

This section presents the GHG and other criteria emissions under baseline and alternative scenario. The
emissionsunder baselineare the emissions avoided as a result of utilizing agricultural residue for
electricity generationthereby replacingkerosene used by households and diesel generators by non
household usersThe emissions from thieusiness are the total of emissions associatéth agroresidue
transportation and emission during gasification proce$stal emission saws is the total avoided
emissions net of the emissions from tgasification plant.

51



Emissions under baseline scenario

This section presents the GHG and other emissions under baseline and under the ESCO social enterprise
model. Under the baseline scenario the total emissions are those attributed to emission from open
burning of agro residue, emissions from the use of keneslamps for lighting by households and
emissions from the use of diesel generators. A sum of all these emission levels gives total avoided
emissions due to electricity use from the ESCO model. The business model also results in environmental
emissions Wich are generated from the transportation of feedstock and the gasification process itself.
Total GHG emissions savings is the difference between total avoided emissions and total emissions from
the gasification process.

Table36 shows the emissions avoided as a result of electricity from the gasification ofegjdue. Net

GHG emissions avoided per unit of electricity generated is 3.6 kgdqi@alent/KWh. Avoield emissions

from diesel generators are the most significant sources of saving in GHG emissions accounting for 78% of
the total savings followed by open agresidue burning 16%. Savings from kerosene use and thermal
power used by the industries accountéam 3% each of the total savings in GHG emissions. Considering
other emissions, all emission savings originate from avoided burning ofasjrue in the open field and

coal based thermal power plants.

Table36: Emission savingper kwh of electricity generated by ESCO model

Savings from GHG emissions Other criteria emissions

CQ SQ NG CO
Open burning of agroesidue 0.675 0.0009 0.0014 0.0154
Diesel generators 3.316 - - -
Kerosene use 0.115 - - -
Thermal power 0.136 0.007 0.004 -
Total savings 4.241 0.0079 0.005%4 0.0347

Emissions under ESCO model

The gasification of agricultural residue to generate electricity is not without emission of GHGs. These
emissions are from transportation of agresidue to the gasification plant and emissions from the gasifier.
Table37 shows GHG emissions from the business model meG@valent. The highest contribution to

GHG emissions is from the gasification process. The GHG emissions per unit of electricity generated is
0.642 lg CQ-equivalent for all the four plants together annually.

Table37: GHG emissions per kwh of electricity generated under ESCO model (kgdZikdzh)

Emissions from GHG emissions
Cca

Agroresidue transportation  0.006

Gasification process 0.6536

Total emissions 0.642
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Net emissions

The process of gasification produces the lower GHG emissions in termscefgGi@alent per KWh of
electricity compared to the emissions under the baseline. Considering the scoggstecth boundary for

this study, the net GHG emissions savings is 3.6 ke@@alent/KWh. This indicates that the total
emissions savings far outweigh the emissions generated. The overall net GHG emissions from an 8 MW
capacity biomass gasification plaatshown in Figur8. GHG emissions associated with burning of agro
waste, use of diesel generator and kerosene lamps for lighting for households are negative representing
GHG emission savings from use of electricity generated from gasification efvagt@ The highest
savings in GHG emissions are mainly from avoided burning chagte while the highest emissions from

the business model is from the gasifier. The GHG emissions from the gasification are far less than the
emissions avoided under the bais® and thus resulting in net GHG emission savings of 1,139 tggCO

per annum.

GHG emissions
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Figure9: GHG emissions and savings fran8 MW capacity gasification (ton C@g/year)

Value ofCarbon creditaind other emissions

In this studyit is assumed that carbon credits will be traded in Carbon Emission Reduction (CER) units as
CER is suited for large scale projects and are sold in volumes that are targeted to clients seeking small
reductions to offset their footprints. The CER unggsiivalent to a reduction of 1 ton of G@quivalent
emissions (Reuster 2010). Basadthe World Bank (2014), carbon credit prices in 2013 is about USD 0.51

0 € )(TalleBs).

Table38: Annual value of GHG emission reduction from ESCO model (120 KW)

Item Amount
Total GHG emission savings (tore€&f) 496,851.491
Total GHG emissions from business (ton CO2 eq) 75,159.743
Net emission savingson CQeq/year) 421,691.747
Price of VER (USD/ton ££Q) 0.51
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Total value of Carbon credit (USD/year) 215,063
The total annual value of carbon credit is USD 215 B68:ever value of the other emission savings that
have acidification potential (NGand SO2) were not included in the analysis.

Social impacts
Savings for endsers

Using electricity from the gasifier in place of other sources of lighting such as candles and kerosene lamps
can contribute expenditure savings for end users. In this study three categories of end users were
considered i.e. households, commercial usersiaddstries. The gasifier has a capacity of 8 MW which is
equivalent to a total of 117,145,600 KWh electricity generated at the 4 plants. Assuming energy efficiency
of 88% and 12% captive power, the net available electricity is assumed to be consumedbyskhold,
commercial and the industrial sector based on the present demand for electricity. The present demand in
Uganda is respectively 24.4%, 11.16% and 64.6% for the household, commercial and the industries
respectively. According to (Buchholz and $ilva, 2010), the annual consumption of electricity by any
household is about 360 kWh, which implies that if 24% of the generated electricity is transmitted, it would
serve 78,878 more households which are not electrified presently. Similarly, 2,615 coimme
establishment, 409 medium scale industries and 91 large scale industries can be provided with electricity.
To calculate the number of commercial establishments which can be electrified it has been assumed that
each establishment consumes 5000 kWielefctricity annually. However, to calculate the industries, the
data from UMEME has been considered which provides an idea about the average electricity consumption
among the medium and large scale industries in 2013 (i.e. 46,000 kWh and 62,600 kWhifonraed

large scale industries respectively).

Table39: General information on alternative energy use

Unit Value Reference
Household average weekly consumptio
Candles #lweek 6 GlZ (2011)
Kerosene liter/week 1.3 GlZ(2011)
Unit price of candles USD/candle 0.100 GIz (2011)
Weekly expenditure on kerosene USD/weekHH 1.04 GlZ (2011)
Unit cost of electricitydiesel generators USD/KWh 0.25 Buchholz and Voltz (2007)
http://www.globalpetrolprices.c
Unit price of diesel UsD/liter 1.21 om/Uganda/diesel_price/

http://siteresources.worldbank.
org/INTPROSPECTS/Resource
349341111002388669/829392
Unit price of coal USD/ton 70 1420582283771/Pnk_0415.pdf
https://www.bou.or.ug/bou/coll
ateral/exchange_rates.html

currency convesion USH/USD 2654 (Accessed, 299-2014)

The above tableTiable39) provides the price information and the assumptions made in the estimation of
expenditure saving for the avoided use of kerosene and candles by households and the expenditure
savings by comnreial centers by switching from diesel generators to electricity from the gasifier. It also
elaborates the equivalent amount of coal saved which might be used to generate electricity for the
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https://www.bou.or.ug/bou/collateral/exchange_rates.html%20(Accessed,%2029-09-2014)
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industries presently and can be replaced by electricity fromagebe. Replacing kerosene lamps, diesel
generators and coal based electricity with electricity (derived from agrowaste) for lighting and other
purposes has the potential to reduce the expenditures incurred by households, commercial and industrial
end users Table40 shows the potential savings for end users from using electricity generated from
gasification of agra@esidues. The use of electricity from the gasifierligiting instead of using kerosene
lamps and candles will generate total expenditure savings of USD 476,033 per annum i.e. households save
0.017 USD/KWh of electricity used which accounts to about 6.04 USD/household/year. Likewise the net
savings calculad for the commercial enterprises and industries taken together is 0.17 USD/kWh. This
includes the net expenditure saved from use of diesel for the generators by the commercial
establishments and expenses on diesel used for the gasifier along with tmgsawi coal for industrial
electricity. It is observed that although electricity from the gasifier comes at a cost, the expenditure
savings that will be attained offsets the costs.

Table40: Savings in energy costs for end usé@m using electricity from ESCO (USD/year)

Item Value
Savings in energy costs for households:

Kerosene expenditure avoided 4,250,086
Candle expenditure avoided 2,473,087
Total savings for households 6,723,173
Expenditure on electricity by households 6,247,141
Net expenditure savings by households 476,033
Net savings per unit of electricity used(USD/kwh) 0.017
Savings in energy costs for Neouseholds:

Diesel expenditure avoided 3,286,362
Expenditure on electricity due to operation of gasifier 878,592
Coal Expenditure avoided 445,153
Net savings in energy expenditure 2,834,924
Net savings per unit of electricity (USD/kwh) 0.17

Net savings (household and nemousehold) 3,310,956

Additional income to farmers and job creation

The gasification plant contributes to improving the local economy through job creation and providing of
additional income to farmers. Corncobs are considered as agricultural waste and are currently burned in
open field. However in order to have a sustaileesupply of feedstock for the gasification plant, it requires

the setting up of linkages and if possible purchase deals with both small and large scale farmers. This
provides extra revenue stream to local farmers who will sell corncobs for extra incdraevalue of
additional income to farmers from the gasification plant is USD 3,900,000 per annum. The gasification
plant on average contributes to providing additional income to the farmer of 0.033 USD/kwh of electricity
generated. The gasification plantrdabutes to job creation for the local community. The single plant of

8 MW employs about 11 workers earning a total annual salary of USD 22,000 and hence the total
employment generated is 44 with an annual income generation of USD 88,000. In additimvitting
additional income and job creation, the plant is likely to have indirect impacts to local economy as new
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businesses might thrive due to availability of electricity generated by the gasification plant. However,
other indirect impacts to the localcenomy are not accounted for in this study.

Health impacts

The most commonly documented health impacts of kerosene are poisoning, fires and explosions.
HoweverKerosene when lighted emits substantial amounts of fine particulate (PM), Carbon monoxide
(CO) Nitric Oxides (N and Sulphur dioxides (9Qhat are linked to the causenpairinglung function

and increasén infectious illness (including tuberculosis), asthma, and cangles(Lam et al., 2012; World

Bank, 2008). Thus the replacement of kerosene lamps and candles with electric light will improve indoor
air quality and the health conditions of its user. A liter of kerosene when burnt emits1Picrograms

per hour, whichisad @S G(KS 22NIXR | SFfGK hNBFYATIGA2yQa Hn K:
cubic meter. This increases the risk of respiratory sickness from exposure to these pollutants. The health
benefit from the replacement of kerosene lamps and that derived freduction in open burning of agro

waste is quantified using DALYs for indoor air pollution and outdoor air pollution. The DALY for outdoor
air pollution per 1000 capita is 0.1 whereas for indoor air pollution is 23 as estimated by WHO for Uganda.
The econort value of each value in case of Uganda ranges between USD 244 (derived from a study which
considers cancer as the fatal disease) to USD 500 (Gross National per capita Income for Ugtaida).
health expenditure savings from averting sicknesses and titgria estimated to be USD 2,771,080 per
year.

Financial Analysis

This section presents the financial feasibility analysis and results of business model generating 8 MW
from agrowaste.The financial viability is analyzed basedReturn on Investment (R¥) Net Present

Value (NPV) and Internal Rate of Ret(®R)aluation criteria.The capital cost for the gasifier plant per
installed capacity is 2,087 US$ per kW installed (Buchholz and VolkIE&@, 2010Buchholz and Da

Silva, 2010). Total investmecostfor each of the plant i€/SD6,530,735 The project life of the pht is
assumed to be 15 years. The financial assessment of the 4 plants operating in the city shows positive net
profit, however there is a negative NPV from the business alongamitiRR of 11% which is below the
discount rate. The rate of investment (ROI) is 8% implying that revenues are not high enough to recover
all costs of the busineg3able4l). This is also observed that the bengfiist ratio is less than 1 (0.909)
indicating that financially the model is not viable.
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Table41: Financial results of ESCO model (USD)

Years

0 1 2 3 4 5 6 7 8 9 10 11
Total investment cost: 26,122,940
Total revenues 12,292,020 12,292,020 12,292,020 12,292,020 12,292,020 13,521,222 13,521,222 13,521,222 13,521,222 13,521,222 Xo
Total production and other costs 6,571,840 6,761,430 6,956,707 7,157,843 7,365,013 7,578,398 7,798,185 8,024,565 8,257,736 8,497,903 X o
Depreciation 1,741,200 1,741,200 1,741,200 1,741,200 1,741,200 1,741,200 1,741,200 1,741,200 1,741,200 1,741,200 Xo
Interest Payments 2,873,523 2,169,523 1,289,523 321,523 - - - - - - -
Profit before tax 1,105,457 1,619,867 2,304,589 3,071,453 3,185,807 4,201,624 3,981,837 3,755,457 3,522,286 3,282,119 Xo
Income tax 331,637 485,960 691,377 921,436 955,742 1,260,487 1,194,551 1,126,637 1,056,686 984,636 X o
Net profit 773,820 1,133,907 1,613,213 2,150,017 2,230,065 2,941,137 2,787,286 2,628,820 2,465,600 2,297,483 X o
Cash flow (26,122,940) 2,515,020 2,875,107 3,354,413 3,891,217 3,971,265 4,682,337 4,528,486 4,370,020 4,206,800 4,038,683 X ®
Discountrate 12%
Discounted cash flow 2,245,553 2,292,018 2,387,605 2,472,939 2,253,402 2,372,218 2,048,457 1,764,978 1,517,014 1,300,348 X ®
NPV (919,859)
IRR 11%
ROI (Financial) 3% 4% 6% 8% 9% 11% 11% 10% 9% 9% X o

ROI (Financial average)

8%
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Socioeconomic results

The socioeconomianalysis of ESCO business model is performed by putting monetary value on all
guantifiable cost and benefits in order to calculate the NPV, benefit cost ratio (BCR) and ROI for the
business model. The consolidated see@mnomic results are presented Trable42. The analysis looked

at the potential impact of ESCO model at three levels where the levels range from including the direct
benefits and costs that affect tHausiness entity to including indirect benefits and costs to other sectors.
The annual social and environmental benefits and costs from the business were discounted at a rate of
12% to obtain the present value of social and environmental impacts.

The ESC@odel, when only the direct benefits are accounted for results in negative NPV and BCR of less
than 1 implying that the business model is not financially feasible. The business model performs better
when the financial and environmental costs and benefitstaken into account. However, the net positive
incremental benefits from the environmental impacts are not high enough to make the business model
feasible as the NPV is still negative and the BCR is less than 1. The business model becomes economically
feasible when all externalities are included in the analysis. The NPV when all externalities are considered
is USD 108,883,864 and the BCR is 5.11. Thus, major contribution to the economic feasibility of the
business is from the social benefits. The totdle of the social benefits of the business is USD 108 million
with major benefits coming from the additional income to farmers and jobs created for the local
community which accounted for 86% of the total value of social benefits. Thus the ESCO busieiss m

is economically feasible but not financially feasible.

Table42: Net socieeconomic results of ESCO model

Financial and Social,
Financial environment environmental and

Socieeconomic result (USD/year) value alvalue financialvalue
Financial result:

NPV (919,589) (919,589) (919,589)
Environmental benefit:

Value of net GHG emission saving 1,381,466 1,381,466
Social benefit:

Savings in energy costs for end users 21,268,086
Additional income to farmerand employment 51,427,029
Health Benefits 35,727,142
Benefit:Cost ratio (BCR) 0.91 0.96 5.11

NPV (919,589) 461,607 108,883,864
ROI (average) 8% 12% 48%

Sensitivity analysis

Sensitivity analysis was performed to identify variables which hangortant effects on the socio
economic impacts of the business model. The discount factor, carbon credit price, capital cost of the
gasifier and economic value of a DALY were varied to assess the resulting effect on the overall
socioeconomic feasibility fothe business model. The following tabl&able 43) elaborates the
assumptions made on the stochastic variables

Table43: Variables selectedbr the stochastic model
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Variable Unit Distribution specified Source
Capital cost of the USD/KW Triangular:(2010, Buchholz and Volk, 2007; IFAD,
gasifier 2087,2890 for the smaller | 2010
plant
Discount rate % Triangular (10%, 12%, 15% Assumed
CarbonCredit price USD/t C@eq. | Uniform distribution Assumed
Economic value of a | USD Triangular Distributiorf245, | The lower range corresponds to
DALY 300, 500) estimates for cancer and higher
range to gross national per capité
income.
NP
113.12 126.20
N
5 E
4 v
S Minimum ~ 94,828,534.64
X 31 Maximum 135,634,088.94
0:.1 Mean 113,118,677.86
& StdDev  7,345,757.69
= 21 Values 10000
1 .
0
o LN o LN o LN o N o n o
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Figurel0: Probability Distribution of NPV

The above Figure (Figur®)lshows the probability distribution obtained for the NPV based on the
stochastic variables described above. The probability distribution obtained shows that the rR&aafN

the net societal benefits (benefits over and above costs) for such business operating at a scale which takes
up all the agrowaste of the city is USD 113.12 million. The 90% confidence interval indicates values
between USD 94,828 and USD 135.6 millidre above figure also shows that the probability that the net
benefits will fall below the mean NPV is 53.4% which projects a higher variability of the NPV.

Conclusion

This study assessed the seeionomic impact oknergy service company (ESQD$iness model in
Kampala, UgandaThe socieeconomic analysis is conducted based on the valuation of financial,
environmental and health benefits and costs associated with the business moldel.following
conclusions can be drawn from the study:

- From the scioeconomic perspectivéindings from the study indicate that the use of agricultural
residue as a feedstock in a small scale biomass gasification to electricity business model is viable
in Uganda and has the potential of impacting positively the heeltijronmental and social life
of the rural dwellers. Thbusiness model resulted inBCR 05.11 and ROI of 48Wdicaingthat
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(although not all environmentaind socialimpacts have been factored in the analysis) the
business provides positive enviroemtal and social impacts that offsets it costs.

- Net GHG emissions saved p®Yhof electricity generated is 3.6 kg €&Q. The highest savings in
GHG emissions would be mainly from substituting diesel generators for the commercial
establishments while thaighest emissions from the business model is from the gasifier.

Major contribution to the economic feasibility of the business is from the social benefits. The total

value of the social benefits of the business is USD 108 million with major beswefitag from the

additional income to farmers and jobs created for the local community which accounted for 47% of
the total value of social benefits. This was followed by savings in health expenditures (32%) and the
savings on energy costs by the end ugéeo).
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Socieeconomic impact assessment obst savings and recovery of
treated wastewater for irrigation, compost and enengi{ampala

Introduction

The developing countries are facing a steep challengeastawater management and policy makers are
constantly exploring cost effective measures toitigate the impacts Wastewater treatment
interventions can generate significant benefits for public health, and the economic sectors such as
fisheries, tourism and property markets. In developing countwéhl growing population and need for
industrialization to cater to the economic growth the need for such interventions become more
demanding.This isparticularly truefor individuals living below the poverty linegho need provisions of

safe water supplysanitation and wastewater services. Several studies indicate that benefdst ratios

for basic water and sanitation services are as high as 7 to 1 for developing countries. Thus benefits derived
from such interventions are substantial in the long ranthe economy.

The situation in Uganda not different from any developing country. Policy makers are engaging relevant
stakeholdersto explore effective and efficient options for wastewater managemeénd | Yy Rl Q& dzND |
population currently stands at 208&d is growing, due to rural urban migration. This trend has led to an
increase in the production of wastewater from households and the growing manufacturing industry.
Wastewater in Uganda is mainly generated from domestic and municipal waste. It istestiimat about

7.62 million ni of wastewater is generated in Uganda every year, the major portion (50%) of which is
generated in Kampala. In addition to this on average only about 2% of the people in 22 towns have access

to sewerage systems. The dominanastewater treatment facility existing is restricted to primary
treatment and is discharged into wetlands.

One of the emerging key interventions towards wastewater management is diversion of the treated
wastewater towards perurban agriculture and usinghe sludge retrieved as compost/manure for
agriculture. In Uganda despite a remarkable economic growth being registered in the recent years, one
key set back remains the persistent food shortages and critical nutritional deficiencies often experienced
in many parts of the country. This situation is partly attributed to occasional poor harvests attributed to
erratic rain seasons, which have a very significant impact on the largeffethsubsistence farming being
practiced by over 80% of the populationNWATER, 2006). Given the context of Kampala this report
investigates the socieconomic impacts of treating waste water for reuse in terms of treated wastewater
for irrigation, conversion of biogas to electricity, and use of sludge as soil conditioreebuEiness model
addresses cost recovery through three different mechanisifiswater sales and (ii) compost or manure
sales to farming and additionally a cost saving mechanism (iii) using the treatment process to capture the
biogas generated by anaerizhdigestion and converting to electricity that is subsequently used to power
the plant. These business interventions are pertinent for Uganda given the context of lower sanitation
facilities and also related scarcity of water for agriculture in the-pdyan areas.

The potetial economic, environmental, anadesial impacts of treatment plant needs to be assessed to
ensure its sustainable developmeni this study,it is assumed that the Wastewater Treatment Plant
(WWTP) already exists and additional isiveents are being made to install recovery of electricity and
sludge and diverting the water to the pariban agricultural farm lands. The®ciceconomic impacts of
treating wastewaterfor cost recovery is evaluatedith daily flow of 40000 m3. The socieeconomic
analysis is conducted based the valuation of economic, social andalth benefits and costs associated
with the business model.
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Technology description

In this assessmernthree different technologies are being considerédverall, wastewater is transported

to the treatment plant by gravity through a conveyor pipelifibe wastewater then undergoes through
secondary treatment in an activated sludge procé&dadge from the primary settling tanks and aerated
tanks are coverd in dissolved air flotation units. These two sludges are then pumped into anaerobic
disgesters. Biogas is produced, but converted to electricty to be used on site. Also, compost is produced
from the sludge. Biogas produced can be used for cooking,nglti powering the plant. The treated
wastewater and sludge are used for farming. Canal is constructed to distribute the water to the farmers.
It is assumed that farmers are in the vicinty of the treatment plant. For treated sludge for farming, it is
assuned that facluative ponds or the treatment plant already exisits and we only care about the additional
costs of dewatering and obtaining the biosolidsaerobic digestion is commonly used in treatment plant

for treating the sludge and to produce biogasstabilizes the organic matter in the sludge, reduces
pathogens and odors, and reduces the total sludge quantity (EPA, ZD@&)composition of biogas
depends on the quality of the treatment plant, temperature and the flow of the wastewater or sludge.
Typcally, methane CH, constitutes about 60% while 40% belongs to carbon dioxide)(Fasi et al.
2007). Alsothe efficiency of the process will be influenced by the temperature; as higher temperatures
are more suitable for bacterial growth and the retiem time, which is the time the process is allowed to
take place. The hydraulic retention time (HRT) ranges from 15 to 25 days depending on the climatic
conditions.Average HRT is 20 days at an ambient avai@meeratureof 25 °CNletcalfand Eddy, 2003;
Degrémont, 2005)Various types of organic waste can be used to produce biogas. There are different
types of biogas systems in use in developing countfiese.technology employed is based on a biological
activated sludge process with sludge anaerobiceslign, and includes equipment such as biogas
combined heat and power engines (CHP), gas flare, standby diesel generators, biogas boilers, heat
exchangers, and aeration turbo blowers for biological tanks aeration and mkmgever, only the
facilities that use anaerobic digestion as part of their biosolids treatment process will be considered as
the cost of building an anaerobic digester is unknown. These facilities alneadyan anaerobic digester
onsite and are producing biogas. Capital costs andpthtential electricity generation capacity will be
estimated usinglata from existing wastewater case studies and existing literature.

Technology and processes

The electricity generation system consists whaaerobic heated sludgtigester biogas holdig tankand

a gas engine connected to a generatdbhe compost/manure system consists of mechanical sludge
thickening tanks, sludge storage tanks, mechanical sludge dewatering and drying beds. The treated water
is diverted through canals or nearby waterbeslifor aiding irrigation outside the urban areas.

Overall approach taogioeconomic analysis

As explained above the main focus of the study was to carry out a socioeconomic analysis of cost recovery
from a wastewater treatment plant in Kampala. The mdiwa behind the socioeconomic analysis was

to evaluate the net societal benefits (including the environmental and health costs and benefits) over and
above the net economic benefits (which have been evaluated in the financial analyssgconomic
analyss of a project is concerned with its viability from a societal perspective and answers the questions
of whether it is economically rational to proceed with the project (De Souza et al., 2011). In contrast to a
financial analysis, economic analysis prosidemore comprehensive investigation on the effects of a
LINPLI2ZASR LINRP2SOG= GlFr1Sa I ONRBIFRSNI LISNRLISOGAGS
(Raucher et al2006). The analysis, therefore, includes benefits and costs that directly affect the business
entity running the project and the effects of the project on househohlissinesses and industries, and
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governments. The analysis also includes the benefitscasts that cannot be readily measured using
observable market prices and costs (De Souza et al., 2011).

The estimated quantity of treated wastewater in Kampala in 2013 was approximately 643%) rof

which 14,000 rfiday is being treated at Bulobi (12)00 n¥/day), Nalaya (1,000 ffday), and Ntinda

(1,000 ni/day). Thus 50,000 ffday flows to the nearby waterbodies, streams and even to Lake Victoria
polluting these water sources. For the financial analysis, a treatment plant of capacity 4G}0§ i

being considered, the socioeconomics analysis similarly considers the same capacity of the wastewater
treated. Therefore, the environmental, health and social costs and benefits considered for the society is
restricted to the wastewater treated and not ftine entire 50,000 rfiday generated.

Environmental impact assessment
Reduced pollution of the surface and groundwater sources

The environmental impact assessment of the cost recovery from wastewater treatment was carried out
for the baseline scenario wherthe entire wastewater flows to the water courses. The primary
environmental impact of the wastewater is the surface water pollution of the nearby water courses as
well as chances of groundwater getting contaminated. In the present study the costs ofesudiser
pollution and ground water contamination is estimated indirectly using the shadow prices for undesirable
outputs of wastewater treatment. The following tab{€able44) shows the environmental value of the
damage avoided (surface and groundwater contamination) based on the figures provided by Hernandez
Shancho et.al. 2010.

Table44: Shadow prices of the undesirable outputs with refereroeadischarges

Destination Reference {KIFR2g LINAOSA TF2NJ dzyRSaa
price of
51 0 SNJ N P SS BOD COD
River 0.7 16.353 30.944 0.005 0.033 0.098
Sea 0.1 4.612 7.533 0.001 0.005 0.010
Wetlands 0.9 65.209 103.424 0.010 0.117 0.122
Reuse 1.5 26.182 79.268 0.010 0.058 0.140

Source:HernandezShancho et.al. 2010

The table illustrates the reference price of water treated from different sources and also the prices of the
undesirable outputs which have a potential environmental damage when wastewater is drained off to
different destinations. To calculate the enviroantal costs averted due to wastewater treatment, the
average shadow prices of the pollutants for river and wetland had been utilized since the baseline scenario
considers the nearby water courses as the primary destination of the untreated wastewathe gdrme

time the table indicates the values to be mentioned at 2010 euros, hence for the final valuation these
values had been inflation adjusted to the present value.

The situation under baseline scenario is that about 14,000frwvater is béng treated while the rest of

the untreated water is drained off towards the nearby waterbodies, streams. The wastewater effluent
values provided by National Water and Sewerage Corporation (NWSC, 2013) was being utilized to
calculate the amount of undesideoutputs from the untreated wastewater (40,00G/aay). The following

table provides the calculations for the estimations of the pollutants in the wastewater based on the
operational days of the WWTP (297 days).

Table45: Estimatbn of the environmental impact due to discharge of wastewater in Kampala
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Parameter Average Discharge Amount of pollutant Economic value Economic value
discharge standard reduction required to (USD/kgy (USDlyear)
(mg/L) (mg/L) meet standard
(Kglyear)

BODeffluent 102 50 616,770 0.1094 67,552
COD effluent 223 100 1,461,240 0.1604 234,354
NH; effluent 19 10 106,920 59.45 6,357,324
SS 100 100 - 0.0109 -
PQeffluent 7 10 - 97.95 -

Total economic value for averting pollution (USD/year) 6,659,230
™ Thevalues expressed in the previous tables are averaged for river and wetlands, and actualizedifimgkhe USD values for 2015. H
these calculations the conversion factor of 1 euro at 2010 is considered to be 1.35 USD (yearly average) and tfiecuiffatian of USEL
from 2010 to 2015 is taken to be 8.3%

The results shows that discharge of 40,00bhwastewater per day have environmental costs amounting
to USD 22.14 million per yefifable45). The treatment of the wastewater in the alternate scenario for
generating of electricity, irrigation water and compost leads to net environmental benefits associated
with the removal of the different pollutants as estated above.

Reduced GHG emissions

The alternate situation of the socioeconomic model which considers the generation of electricity from
treatment of wastewater is in contrast with the baseline situation where although wastewater treatment
exists, there is10 energy generation. One of the revenue stream from business model is from electricity
generated which is fed to the grid as well as savings in terms of Wastewater Plant utilizing some of the
electricity generated. The following tabf€able46) shows the amount of electricity generated, utilized in

the plant and the availability for the grid. According to Gude (2015), about 2.24 kWh of electricity is
produced per meer cube of wastewater treated while 0.7 kWh (Gude, 2015; Stillwell et. al., 2010) is
consumed for treating the wastewater. Based on these assumptions and that the number of operational
days as 297, it is estimated that about 3.85 MW of electricity caiedbéo the grid.

Table46: Electricity produced from wastewater treatment

Electricity produced per 2.24
Wastewater treatedm?) 40,000
Operating days 297
Electricity produced (kWh) 26611200
Electricity consumed (KWh/#h 0.7
Electricity consumed kWh 8316000
Electricity available for grid (kWh) 18295200

In the socieeconomic model, it is being assumed that the ers#rs are of three categories (i)
households, (ii) commercial establishments and (iii) industrieedium and small scale. In the baseline
situation, these endisers depend on different engy sources. For example, the househoti#sive
energy for their lighting needs from keroser#ectricity supply for commercial centers and other public
centers are derived from fossil fuel (diesel generatomshile the industries depend primarily on
hydropower and to certain extent on coal based power plaftss is assumed for the industries since in
Uganda, about 84% of the electricity comes from hydropower and the rest from coal based power plants.
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The environmental emissions associated with the udeecosene lamps by households, diesel generators
and coal based thermal power plants are showiiatle47.

Table47: GHG emissions associatedth kerosene use and dgel generators

Source of emissions Unit Value
Kerosene:

CQ emissions Kg Calit 2.520
CH emissions Kg CHlit 0.00035
N.O emissions Kg NO/Iit 0.000021
Diesel generators:

GHG emissions Kg C@eq/kwh 1.227
(CQ & CH)

Coal based electricity

GHG emissions Kg C@eq/kwh 0.9

(CQ & CH)

Source: Zanchi et al., 201®/orld Resource Institutettp://www.ghgprotocol.org/calculatiortools/all-tools
http://www.epa.gov/ttnchiel/conference/ei20/session5/mmittal. pdf;
http://publications.jrc.ec.europa.eu/repository/bitstream/JRC21207/EUR%2019754%20EN. pdf

Emissions under baseline scenario

To determine the amount of emissions made in the baseline scenai®jmperative to estimate the
number of beneficiaries (households, commercial establishments and industries) served with new
electricity connections utilizing the 3.85 MW electricity generated. These beneficiaries in the alternate
scenario are the endsers in the baseline scenario. In the present situation the demand for electricity
across different users in Uganda is respectively 24.4%, 11.16% and 64.6% for the household, commercial
and the industries respectivet{ps://energypedia.info/wiki/Uganda_Energy SituatlorAccording to
(Buchholz and Da Silva, 2010), the annual consumption of electricity by any household is about 360 kWh,
which implies that if 24% of the generated elecitsy is transmitted, it would serve 12,319 more
households which are not electrified presently. Similarly, 136 commercial establishment, 64 medium scale
industries and 14 large scale industries can be provided with electricity. To calculate the number of
commercial establishments which can be electrified it has been assumed that each establishment
consumes 5000 kWh of electricity annually. However, to calculate the industries, the data from UMEME
has been considered which provides an idea about the aveedggricity consumption among the
medium and large scale industries in 2013 (i.e. 46,000 kWh and 62,600 kWh for medium and large scale
industries respectively).

Table48: Total monetary value of Carbon Emissions Reductions (CERS)

GHG emissions from diesel generators by non HH: kg COzq 60,658,307
GHG emissions from kerosene for lighting by HHs kg COzq 2,098,007
GHG emissions from coal thermal power by industi kg COzq 2,482,920
GHG emissions kg COZq 65,239,234
Net emissions savings alternative scenario kg COZq 65,239,234
Price of Credit USD/ton CO2q 0.51
Total annual value of Carbon credit USDl/year 33,272

The above tabléTable48) presents the emissions in the baseline scenario. Under the baseline scenario
the total emissions are those attributed to emission from open burning of agro residue, emissions from
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the use ofkerosene lamps for lighting by households and emissions from the use of diesel generators. A

sum of all these emission levels gives total avoided emissions due to electricity use from the wastewater
treatment model. This is entirely averted in the altetmacenarioln this study it is assumed that carbon

credits will be traded in Carbon Emission Reduction (CER) units as CER is suited for large scale projects and
are sold in volumes that are targeted to clients seeking small reductions to offset thigrifas. The CER

unit isequivalent to a reduction of 1 ton of G&quivalentemissions (Reuster 2010). Basadthe World

byl ovnmnoE OFNb2y ONBRAG MNAOSa AY HAamMo A& | 02dz

The subsequent tabld &ble49) shows the emissions avoided as a result of electricity from the gasification

of agroresidue. Net GHG emissions avoided per unit of electricity generated is 3.56 kg CO
equivalent/KWh. Avoied emissions from diesel generators are the most significant sources of saving in
GHG emissions accounting for 92% of the total savings followed by open savings from kerosene use and
thermal power used by the industries accounted for 4% each of the tat@hgs in GHG emissions.

Table49: Emission savings péWh of electricity generated from the wastewater treatment plant

Savings from GHG emissions Other criteria emissions

Ca SQ NG CO
Diesel generators 3.316 - - -
Kerosene use 0.115 - - -
Thermal power 0.136 0.007 0.004 -
Total savings 4.241 0.0079 0.00%4 0.0347

The total annual value of carbon credit is USD 33,Ri62vever, the major limitation of the estimation is

that value of the other emission savirtsit have acidification potential (NOx and SO2) were not included

in the analysis. lthough the emissions fronthermal power plantswas calculated in the baseline
condition, the economic value averted from acidification was partly assessed by the heakfithe
achieved by generation of the electricity from the agrowaste. The primary reason for the partial
assessment was due to paucity of data on economic value of acidification averted in the context of
Kampala However, it needs to be mentioned that inthaction of such business model with established
WWTP leads to an annual saving of 26,009 &M300 N®, and 451,000 carbon monoxide annually.

Social impacts
Savings for endsers

Using electricity generated from the combined cogeneration of heat aekep in place of other sources

of lighting such as candles, kerosene lamps, diesel generators and coal based thermal power can
contribute expenditure savings for end users. In this study three categories of end users were considered
i.e. households, commeial users and industries. The generator used for the power generation has a
capacity of 4.4 MW which is equivalent to a total of 18,295,200 KWh electricity. Assuming energy
efficiency of 88% and 12% captive power, the net available electricity is assarheadonsumed by the
household, commercial and the industrial sector based on the present demand for electricity. The present
demand in Uganda is respectively 24.4%, 11.16% and 64.6% for the household, commercial and the
industries respectively. According (Buchholz and Da Silva, 2010), the annual consumption of electricity
by any household is about 360 kWh, which implies that if 24% of the generated electricity is transmitted,
it would serve 12,319 more households which are not electrified presenthilaBy, 136 commercial
establishment, 64 medium scale industries and 14 large scale industries can be provided with electricity.
To calculate the number of commercial establishments which can be electrified it has been assumed that
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each establishment conses 5000 kWh of electricity annually. However, to calculate the industries, the
data from UMEME has been considered which provides an idea about the average electricity consumption
among the medium and large scale industries in 2013 (i.e. 46,000 kWh2g@Da&Wh for medium and

large scale industries respectively).

Table50: General information on alternative energy use

Unit Value Reference
Household average weekly consumptio
Candles #lweek 6 GlZ (2011)
Kerosene liter/week 13 GlZ (2011)
Unit price of candles USD/candle 0.100 Glz (2011)
Weekly expenditure on kerosene USD/weekHH 1.04 GlZ (2011)

Unit cost of electricitydiesel generators USD/KWh 0.25 Buchholz and Voltz (2007)
http://www.globalpetrolprices.c
Unit price of diesel USDl/liter 1.21 om/Uganda/diesel_pricg/

http://siteresources.worldbank.
org/INTPROSPECTS/Resource
349341111002388669/829392
Unit price of coal USD/ton 70 1420582283771/Pnk_0415.pdf
https://www.bou.or.ug/bou/coll
ateral/exchange_rates.html

currency convesion USH/USD 2654 (Accessed, 299-2014)

The above tableTiable50) provides the price information and the assumptions made in the estimation of
expenditure saving for the avoided use of kerosene and candles by households and the expenditure
savings by commercial centers by switching from diesel generators to electrizitythe generator. It

also elaborates the equivalent amount of coal saved which might be used to generate electricity for the
industries presently and can be replaced by electricity from agrowaste. Replacing kerosene lamps, diesel
generators and coal bed electricity with electricity (derived from agrowaste) for lighting and other
purposes has the potential to reduce the expenditures incurred by households, commercial and industrial
end users.Table51 shows the potential savings for end users from using electricity generated from
gasification of agr@esidues. The use of electricity from the generator for lighting instead of using
kerosene lamps and candles will geaie total expenditure savings of USD 74,334 per annum i.e.
households save 0.21 USD/KWh of electricity used which accounts to about 75.52 USD/household/year.
Likewise the net savings calculated for the commercial enterprises and industries taken tdgetelr
USD/kWh. This includes the net expenditure saved from use of diesel for the generators by the
commercial establishments and expenses on diesel used for the generator along with the savings on coal
for industrial electricity. It is observed that lattugh electricity from the generator comes at a cost, the
expenditure savings that will be attained offsets the costs.

Table51: Savings in energy costs for end users from using electrggtyeratedfrom wastewater
treatment (USDyear)

Item Value
Savings in energy costs for households:
Kerosene expenditure avoided 663,757
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https://www.bou.or.ug/bou/collateral/exchange_rates.html%20(Accessed,%2029-09-2014)

Candle expenditure avoided 386,234

Total savings for households 1,049,991
Expenditure on electricity by households 119,738
Net expenditure savings biiouseholds 930,252
Net savings per unit of electricity used(USD/kwh) 0.21
Savings in energy costs for Neouseholds:

Diesel expenditure avoided 510,436
Coal Expenditure avoided 69,522
Expenditure on electricity due to operation of generator 106,184
Net savings in energy expenditure 473,774
Net savings per unit of electricity (USD/kwh) 0.11

Net savings (household and nemousehold) 1,404,026

Additional income through job creation

The cegeneration plant contributes to improving the local econothyough job creation and hence
providing additional income to workers. The financial analysis shows that the plant employs about 11
workers earning a total annual salary of USD 22,000 which is the additional income generated per year.
In addition to proviéhg additional income and job creation, the plant is likely to have indirect impacts to
local economy as new businesses might thrive due to availability of electricity generated by the
gasification plant. However, other indirect impacts to the local ecopame not accounted for in this
study.

Increase in income in agricultural households

With increase in area under cultivation, it is expected that income of the households engaged in
agriculture would riseUganda Strategy Support ProgréddSSP, 2009) indicates that the net earnings per
hectare cultivating maize ranges from USID53per season. In the present study a value of USD 10 per
hectare is being assumed and the ranges are betiiged for the sensitivity analysis. This impliesth

the total agricultural net income due to availability of water and assuming cultivation of maize is USD
33,371.4 per season and around USD 66,742.8 annually.

Health impacts

The primary health impacts in the current situation due to partial wastewatstinent and discharge in

the nearby waterbodies idiarrhealdiseases make up over four per cent of the global disease burden
(UNEP, 2010). It is also assumed for the present study that the entire population of Kampala central
division affected by the di discharge of wastewater. Water Sanitation Programme (WSP, 2012)
estimated that Uganda losses about USD 5.5 per capita due to poor sanitation of which about 1 USD is
lost due to inconvenience in finding proper infrastructure for sanitation. In contras©W2009) provides

an estimate of 33 DALY's per 1000 population in terms of burden of diseases from environmental pollution
(particularly water, health and hygiene) for Uganda. Using this estimate theapéa loss due tdiarrheal
diseases is USD 9.5.elpresent study considers both of these values as ranges. The lower value is used
for the deterministic model while the higher range is used for the sensitivity analysis in the stochastic
model. Thus the estimated savings from treating wastewater and awpiiarrheal diseases is USD
358,293 per annum in the deterministic model.
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Financial Analysis

The financial analysis is based three different additional costs for an existing wastewater treatment
plant. In this context, there is an NPV and I&Rd) wastewater reuse for irrigation, (b) biogas converted

to electricity for onsite consumption, and (c) sludge production as soil conditioner. Fihalsgmbined

NPV and IRR for these three valaes beingestimated.lt is assumed that the plant Wbbtain a combined

heat and power technology (CHP). The total cost of this technology is estimated to be $4882&1

up is shown imable52). It is assumed thawastewater is treated and supplied to farmers. For simplicity,

it is further assumed that the distance between farmers and the plant is 15km. It is important to stress
that the total costs used in this analysis is subject to the location of the farfbesunit cost of canal
construction is estimated as $2.5 pef.nthe total treated water from the plant for reuse is assumed to

be 40,000nV/day. In this assessment, total construction cost of the canal is derived as $15,000,000. This
cost includes materia| lining and installation costs. It is assumed that the wastewater plant is operating
already and our concern in this assessment is to estimate the additional cost of manure production or
removal from the plant for farmers or other premium customers. Thws only considered investment

cost of primary and secondary sludge treatment without the costs of facultative ponds or any exiting
treatment technology. It is estimated that the additional cost of the sludge removal will be $170,000. This
cost includes @nstruction, materials, and installation costs. The cost of sludge removal for farmers or
other premium customers are not includddlis important to stress that all these assessments are based
on an existing wastewater treatment plant in a Kampala.dise assumed that this plant has an operating
capacity of 40,000/day.

Table52: Capital cost of reuse components in Wastewater treatment plant

Cost of combined heat and power 493,931
Cost oftreated water supply(canal) 15,000,000
Cost of sludge removal/production 170,000

Typically, wastewater treatment plant consumes betweenZkB/h per ni of energy (Gude, 2015). It is
assumed that about 0.7kWh per®mf electricity will be consumed for ik additional technology. The
corresponding cost of electricity generation is 0.04$ per kWh (ERG (2011)). The operation and
maintenance cost for the additional items is 5% of the capital costs and an escalation of 3% (based on
current inflation rate in Ugada). This is applied annually to inflate the price of labor, electricity and the
operation and maintenance costs used to estimate the net income over the life span of the investment. It
is assumed that the project has a life span of 15 years. Als@dsisned that farmers are in the vicinity

of the treatment plant. The construction of the canal will require additional 3 people. The associated labor
cost is $7 per day. Now, the water must be treated to avoid any health implications for the farmers. This
will cost about 0.01$ per m3 (FAO, 1997). Finally, it will cost $0.23 per m3 to pump the water to the canals.
This cost also includes the electricity cost of pumping. The operation and maintenance cost for the
additional items is 5% with an escalation &3t is assumed that project has a life span of 15 years. Itis
assumed that there will be 2 people to ensure the -tieyday operation of the sludge production. The
corresponding cost is $7 per day. The largest cost is the additional labor necessanpte the sludge

to the appropriate area for the farmers. The associated labor cost is $6 per day. There is also a minor costs
associated with sampling and monitoring. This cost also includes the electricity cost of pumping. The
operation and maintenance sbfor the additional items is 3% with an escalation of 3%. Typically, with
60% methane, it is possible to obtain 35m3 per day of biogas from wastewater. The electricity generation
associated with this biogas is 2.24kWh per m3. Alternatively, one MGDr(B@i&Y) yields 26kW of
electricity. Assume the capacity of the facility is 40,000m3 per day; it is possible to obtain 274kW of
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electricity. The price of electricity valued at the plant site is from 0.011 to 0.083$% per kWh. A value of
0.03% per kWh is useit this analysis. It is assumed that the total quantity of wastewater treated and
reuse is about 40,000m3 per day. This quantity of water will be transported through the canals to the
farmers. Based on extensive literature review, it costs $0.05 péw supply water to the farmers ((Khouri
(1992); AbeMadi (2004)). Typically, about-20% of the wastewater flow is retained as sludge. In this
assessment, we use 2% to obtain the sludge produced from this plant. This value is then converted to
282.52 tons peday. The corresponding price is betweenM¥bper ton. But $0.5 per ton is used in this
analysis. It is assumed that the plant will operate for 297 days per year.

The financial estimates and an assumption of 12% discount rate the NPV of additional ienweftm
recovery of energy, nutrient and treated wastewater irrigation is calculated to be USD (172,779), USD
94,750 and USD 521,203 and the IRR is 4%, 20% and 38% respdd¢ivelgmbined model shows a
positive NPV of $9,668 with an IRR of 12%. Thidtreuggests that additional costs could be beneficial to
the plant(Table53).
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Table53: Financial results oElectricity generation model along with irrigation and sludge/SD)

Year 1 Year 2 Year 3 Year 4 Year 5 Year 6 Year 7 Year 8 Year 9 Year 10 Yearll Yearl2 Yearl3 Yearl4 Yearl5
Revenue
Treated
water 594,000 594,000 594,000 594,000 594,000 594,000 594,000 594,000 594,000 594,000 594,000 594,000 594,000 594,000 594,000
Avaded
electricity
savings 391,194 402,929 415,017 427,468 440,292 453,501 467,106 481,119 495552 510,419 525,732 541,504 557,749 574,481 591,716
Reenue
from
sludge 1,027,147 1,040,142 1,053,526 1,067,312 1,081,511 1,096,136 1,111,200 1,126,717 1,142,698 1,159,159 1,176,114 1,193,577 1,211,564 1,230,091 1,249,174
Total
revenue 838,070 845,392 852,934 860,702 868,703 876,944 885,433 894,176 903,181 912,456 922,010 931,850 941,986 952,426 963,178
Exmense
Treated
water for
irrigation 397,637 408,816 420,331 432,191 444,406 456,988 469,948 483,297 497,045 511,207 525,793 540,817 556,291 572,230 588,647
Electricity
recovery 386,327 396,929 407,849 419,096 430,681 442,614 454,904 467,564 480,603 494,033 507,866 522,114 536,790 551,906 567,475
Sludge
recovery 19,878 20,219 20,571 20,933 21,306 21,690 22,086 22,494 22,913 23,346 23,791 24,250 24,722 25,209 25,710
Total
Expense 803,842 825,964 848,750 872,220 896,394 921,292 946,938 973,354 1,000,561 1,028,585 1,057,450 1,087,181 1,117,803 1,149,345 1,181,832
Net profit 223,306 214,178 204,776 195,092 185,118 174,844 164,262 153,363 142,137 130,574 118,664 106,396 93,761 80,747 67,342
NPV 9,669
IRR 12%
ROI 14%
BCR 0.98
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Socioeconomic results

The socioeconomi@nalysis of the business model is performed by putting monetary value on all
guantifiable cost and benefits in order to calculate the NPV, benefit cost ratio (BCR) and ROI for the
business model. The consolidated see@mnomic results are presented Trable54. The analysis looked

at the potential impact of model at three levets(i) financial, (i) financial and environmental and (iii)
financial, environmental andocial where the levels range from including the direct benefits and costs
that affect the business entity to including indirect benefits and costs to other sectors. The annual social
and environmental benefits and costs from the business were discouwattadate of 12% to obtain the
present value of social and environmental impacts.

The business model, when only the direct benefits are accounted for results in positive NPV and BCR of
less than 1 implying that the business model is financially feasiever with risks of lower returns on
investments. The business model performs better when the financial and environmental costs and
benefits are taken into account. The net positive incremental benefits from the environmental impacts
are very high enougho make the business model feasible as the NPV is positive and the BCR is
substantially high 37.92. This implies that per dollar invested gives a return of USD 38. The business model
becomes economically more feasible when all externalities are includée @nalysis. The NPV when all
externalities are considered is USD 56,923,752 and the BCR is 49.38. Thus, major contribution to the
economic feasibility of the business is from the environmental benefits. The total value of the social
benefits (NPV overgeriod of 15 years) of the business is USD 14 million with major benefits coming from
the additional income from jobs created for the local community, health benefits and savings in expenses
for alternate forms of energy. It has been estimated that besefiom proper sanitation and water
facilities ranges from USD 34 (UNEP, 2010). The seeiconomic model estimated that with treatment

of water and recovery of electricity, water and sludge for compost increases the benefits accrued by USD
15 per annum.

Table54: Net socieeconomic results oElectricity generatiormodel from wastewater treatment

Financial and Social,
Financial environmental environmental and

Socieeconomic result (USD/year) value value financialvalue
Financiakesult:

NPV 9,669 9,669 9,669
Environmental benefit:

Value of net GHG emission saving 42,989,611 42,989,611
Social benefit:

Savings in energy costs for end users 9,081,831
Additional incomeadue to generation of new

employment 605,772
Health Benefits 4,619,421
Benefit:Cost ratio (BCR) 0.98 37.92 49.88

NPV 9,669 461,607 56,923,752
ROI (average) 14% 588% 740%

Sensitivity analysis

Sensitivity analysis was performed to identify variables which have important effects osothe
economic impacts of the business model. The discount factor, carbon credit price, and economic value of
a percapita losses due tdiarrheal diseases were varied to assess the resulting effect on the overall
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socioeconomic feasibility of the businessodel. The following table T@ble 55) elaborates the
assumptions made on the stochastic variables

Table55: Selected variables for the stockic analysis of the socioeconomic model

Variable Unit Distribution specified | Source
Discount rate % Triangular (10%, 12%, | Assumed
15%)
Carbon Credit price USD/t C@ Uniform distribution Assumed
eq. (0.5%1.5)

Economic value of per usD Uniform Distribution The lower range corresponds to

capita loss due tdiseases (4.49¢9.5) estimates for cancer and higher
range to gross national per
capital income.

Figurell: Probability Distribution ofNPV(net benefits) derived from electricity generation and water
for irrigation derived from wastewater treatment

The above Figure (Figurel)lshows the probability distribution obtained for the NPV based on the
stochastic variables described above. The probability distribution obtained shows that the mean NPV of
the net societal benefits (benefits over and above costs) for such businessiogexba scale which takes

up all the agrowaste of the city is USD 58.94 million. The 90% confidence interval indicates values between
USD 46 and USD 73 million. The above figure also shows that the probability that the net benefits will fall
below the mea NPV is 50.7% which projects a higher variability of the NPV. The probability distribution
estimated also showed that the probability of achieving the NPV estimated through the deterministic
model is around 30%.
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