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PAUWES Director’s word
It is my pleasure to present the 3rd cohort of Pan African Uni-
versity Institute of Water and Energy Sciences (PAUWES) who 
have weathered through an excellent academic and disciplinary 
training in the field of Energy and Water (Engineering and Policy 
tracks). 
The 79 graduates coming from countries across Africa have 
worked zealously over the past two years to gain mastery in the 
field of Water and Energy Sciences. After successfully completing 
their coursework requirements, they conducted practice-orient-
ed research for their master thesis based on case studies relevant 
to continent-wide issues. Their exposure to first class tuition, ac-
ademic exercise and internship across various private and public 
sectors have culminated into making them innovative, motivat-
ed and entrepreneurial. It is of no  wonder  that  our  students  
keep  conceiving  and  implementing ideas and projects such as 
the Entrepreneurship and Innovation Club and PAUWES Climate 
Change and Gender Club which aims at tackling  the  most  burn-
ing  issues  of  energy  and  water  security through the creation 
of climate change awareness across Africa; in addition  to  taking  
active  roles  in  managing  a  student  social networking platform 
- the Community of Practice (CoP).
We, as an institute, pride our self in fostering the academic set-
ting required to ensure the success of our students. I must ac-
knowledge also that our success so far could not have been pos-
sible without the unflinching support of the Algerian Ministry of 
Higher Education and Scientific Research, the German Ministry 
of Economic Cooperation and Development (BMZ), the German 
Ministry of Education and Research (BMBF), the German Techni-
cal Development Agency (GIZ), the  German  Development  Bank  
(KfW)  and  the  German  Academic Exchange Service (DAAD) 
as well as the German Higher Education Consortium, and all re-
search partners of PAUWES in Africa such as, WASCAL, 2IE, and 
the University of Niamey in addition to our host institute—the  
University  of  Tlemcen.  I  also  would  like  to  thank  the PAU  
Rectorate,  PAUWES  staff  and  lecturers  for  their  support  and 
commitment.
One of the main goals of this institution is to promote the di-
versity and innovative spirit found within Africa. It is within this 
mind-set that PAUWES has attracted a larger amount of students 
from more African nations than ever before. We are proud to an-
nounce that we will be welcoming 62students from more than 
20countries this coming fall as the incoming Class of 2019. It is 
with great confidence that we send off the Class of 2018 into 
their bright futures and look optimistically towards educating the 
next generation of African leaders in the field of energy and water 
engineering and policymaking to meet the goals of Agenda 2063.

Prof. Abdellatif Zerga  
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Pan African University (PAU)
Research and Education for a Peaceful, 
Prosperous and Integrated Africa

The Pan African University (PAU) is an initiative of the Af-
rican Heads of State and national governments of the Af-
rican Union. It is a premier continental university network 
whose mission is to provide a comprehensive postgraduate 
education geared towards the development of a prosper-
ous, integrated and peaceful Africa. PAU is part of an Afri-
can Union Commission (AUC) initiative to revitalize higher 
education and research in Africa. The PAU strives to foster 
academic excellence and to enhance the quality of educa-
tion all the while promoting the attractiveness and global 
competitiveness of African higher education and research. 
Five thematic institutes have been established in Algeria, 
Kenya, Nigeria, Cameroon, and South Africa. The institutes 
provide Master and PhD programmes and engage in col-
laborative and development-oriented research. The PAU 
aims to provide the opportunity for advanced graduate 
training and postgraduate research to motivated African 
students. Other objectives also include promoting mobility 
of students and teachers, as well as harmonizing programs 
and degrees within the African continent. 
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Pan African University 
Institute of Water and Energy Sciences 
(including climate change) - PAUWES

The Pan African University Institute of Water and En-
ergy Sciences (including climate change) (PAUWES) is 
one of the five hub of the Pan African University and is 
hosted at the University of Tlemcen in Algeria .PAUWES 
holds a unique position in understanding the Pan-Afri-
can dimension of scientific problems and is especially 
suited to find solutions to the challenges faced in differ-
ent African countries with regards to water, energy and 
climate change .

PAUWES is committed to educating and shaping the 
next generation of African leaders who will address 
the issues critical to Africa’s sustainable development, 
such as water, clean energy, and the challenges asso-
ciated with climate change. PAUWES offers our gradu-
ate students with a diversity of academic perspectives 
by attracting faculty from across Africa and around the 
world, as well as providing our students with the tools 
and training needed to ensure their future success. 

PAUWES offers four degree programmes
Master of Science (M.Sc.) in Energy:

 » Engineering Track
 » Policy Track

Master of Science (M.Sc.) in Water:
 » Engineering Track
 » Policy Track
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Book of Posters
Graduates Class of 2018

This book of graduates is dedicated to the PAUWES graduates class of 2018. 

It is a short summary of the works done by the graduates students of 2018 as reseach contribution on differ-
ent issues and challlenges on the continent non only on the thematic of water and energy, but also on issue 
addressing water-energy nexus and climat change related issues. These works have been conducted with 
policy and engineering apporaches according to students’ profiles.

The different master thesis projects were conducted with and include case studies in fifteen African countries 
from the five different regions of continent.

This book is organized around the four courses offered by the institute: Enery Engineering, Energy Policy, 
Water Egineering and Water Policy.
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▪ In the present world, every country is giving important place on
energy security and sustainable development.

▪ The rapid industrialization and growth of Tanzania human
population have resulted in the unprecedented increase in the
demand for energy and in particular electricity.

▪ Promoting electricity generation based on non-conventional
renewable energy is inevitable.

▪ Energy security under varying weather conditions and the
corresponding system cost are the two major issues in designing
hybrid power generation systems.

▪ The design of hybrid Renewable energy system is an important
issue in small industries to increse productivity.

Design and Analysis of an Off-grid Hybrid 
Renewable Energy System to Supply Electricity in Small Industries:

A Case Of Tanzania
Kaare MANYAMAa, Prof Alexander POGREBNOIb

aPan African University Institute of Water and Energy Sciences-Tlemcen, b (NM-AIST) –Arusha-Tanzania
manyamakaare@yahoo.com

Abstract
Hybrid power system with various combinations based on renewable sources could be applied simultaneously to cater energy in the form employed in an
off-gird supporting with battery storage and diesel generator as backup systems. In this study wind turbine, photovoltaic, battery bank and converter
system have been simulated and optimized for the Bellaview Fresh Fruit Processing Industry Ltd in Rombo, Kilimanjaro region in Tanzania. Electric load
demand of 1600 kWh/day, peak load of 184 kW was involved during optimization of the power system.

Scenarios considered

▪ PV-Wind turbine-battery bank scenario A
▪ Solar PV-wind turbine-generator-battery 

bank scenario B
▪ Wind-battery bank scenario C
▪ Wind turbine- generator-battery bank 

scenario D

▪ The selected hybrid system set-up [PV-wind turbine-battery bank
(scenario A)]which is cost efficient system composed of 8 unit wind
turbines with 100 kW each rating power, 189 kW photovoltaic panel,
487 unit batteries, and 142 kW converter.

▪ To meet the energy requirement of the National, hybridizing
renewable energy technologies can cater for sustainable solutions.

1. Energy Access Situation Report, 2016 Tanzania Mainland. 
https://power.larc.nasa.gov/

2. Michael Taylor. Renewable energy technologies: Cost analysis series, 
wind power. Renewable Energy, 2012.

3. HOMER, the Micro-Power Optimization Model; ver.2.68Beta, NREL; 
2009

Design of an off-grid hybrid renewable energy system that can 
generate and provide cost effective electricity to the targeted 

industry

METHODOLOGY

OBJECTIVES

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES

BACKGROUND/CONTEXT 

PROBLEM STATEMENT/RESEARCH QUESTION

Despite of the abundant renewable energy resources in
Tanzania, many Industries still live and operate under low
adequite supply of electricity either from the utility grid or
independent renewable energy generated electricity.

Load Profile 
Determination

Meterological Data for Solar and Wind Acquisition

Modelling Hybrid System Configuration

Determination for Cost and Components Parameters
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➢Energy plays a very keen and relevant role in socio-economic and
sustainable development of every country.
➢Deployment of renewable energy will help to meet Sustainable

Development Goals such as clean & affordable energy, no poverty, zero
hunger, quality education, good health & well-being, clean water &
sanitation, mitigating climate change (IRENA, 2015).
➢As at the end of the year 2016, electrification access rate was 89.8%

(Urban areas) and 66.6% (Rural areas) in Ghana (World Bank, 2018).
➢Hybrid power systems are cost-effective and more reliable than single

source power system (Adaramola et al., 2014).

Design of Solar PV-Biogas Hybrid Power System
for Rural Electrification in Ghana

Flavio Odoi-Yorke, Dr. Francis Kemausoura

aKwame Nkrumah University of Science and Technology, Kumasi, Ghana 
Contact details: flavioodoi@hotmail.com

➢High emissions of Greenhouse gases from the combustion of fossil fuels
– need to switch to cleaner power systems.
➢Most rural areas in Ghana have no access to electricity due to the lack of

grid power system – need to develop off-grid or standalone power
systems.
➢Depletion of fossil fuels – need to develop alternative and renewable

energy systems and increase the penetration of renewable power
systems in the energy mix.
➢Population growth – The future energy demand will increase due to

population growth thus increase the energy production and
diversification of the energy systems.

➢The system will produce 105,479 kWh/yr of electricity and 95,633 kWh will
be consumed by Mankramso community AC loads with an electricity excess
of 4,676 kWh/yr.
➢Moreover, the system has a NPC of $219,442 with a LCOE of $ 0.188/kWh.

This LCOE is only 10.6% higher than current residential tariffs (US$
0.17/kWh) in Ghana.
➢Project lifetime: 25 years; ROI: 12.4%; IRR: 16.5%; Payback time: 5 years
➢Furthermore, results from sensitivity analysis shows that, increasing the PV

panel capital cost and decreasing the biogas generator capital cost will
decrease the LCOE of the system, thus, making it cost-effective.

1.Adaramola, M. S., Agelin-Chaab, M., & Paul, S. S. (2014). Analysis of hybrid 
energy systems for application in southern Ghana. Energy Conversion and 
Management, 88(2014), 284–295. 
https://doi.org/10.1016/j.enconman.2014.08.029

To design and optimize an off-grid solar PV-biogas hybrid power system for 
rural electrification in Mankramso community in Ghana

OBJECTIVES

METHODOLOGY

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES

BACKGROUND/CONTEXT 

PROBLEM STATEMENT/RESEARCH QUESTION

Input data
• Electric load demand
• Renewable resources (solar and 

biomass)
• Components including cost parameters
• Economic parameters 
• System contraints

HOMER 
Software

Output 
• Optimal system sizing
• Net present cost (NPC)
• Levilized cost of energy (LCOE)
• Capital cost
• Capacity shortage
• Excess energy generation
• Renewable energy fraction
• Fuel consumption

s
Stimulation

Optimization

Sensitivity analysis

Hybrid Optimization Model for Electric Renewable (HOMER) software was 
used to perform technical, economic and greenhouse gas (GHG) emission 
analysis of the solar PV-biogas hybrid power System

Fig. 3.1: Principal task of HOMER Software

Fig. 3.2: Schematic layout of the Solar PV-
biogas hybrid power system

Fig. 3.3: Schematic layout of HOMER 
software
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Operating 
cost

(1000)
US$

Initial
capital
(1000) 
US$

1 18.6 45.0 62.0 15.7 0.188 220 9.6 103
2 - 45.0 64 15.5 0.205 241 12.8 85
3 257 - 936 108 0.716 838 25.8 523

-20000

0

20000

40000

60000

80000

100000

120000

Capital Replacement O&M Fuel Salvage

N
PC

 (U
S$

)

Cost Type
PV Panels Battery Biogas generator Other Converter

Optimization Results of Most Optimal and Feasible Power System Configuration for Mankramso community
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Effect of Nominal discount rate & PV capital cost on system 
NPC & LCOE
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Abstract
In this study, a solar PV-biogas hybrid power system for electrification is designed for Mankramso community located in the Offinso-North district in

Ghana. The findings show that the system configuration which comprises of 18.6 kW of PV panels, 45 kW of biogas generator, 62 kWh of battery storage
and 15.7 kW of converter is the most optimal hybrid power system configuration to meet the daily electric load. This optimal hybrid power system has a
total net present cost (NPC) of US$ 219,442 and a levilized cost of energy (LCOE) of US$ 0.188/kWh that is only 10.6% higher than current LCOE (US$
0.17/kWh) for residential tariffs in Ghana. We recommend that rural electrification projects of such nature are combined with innovative energy efficiency
practices to increase access to reliable and affordable electricity in rural communities.

Energy Engineering



Design of Home Electricity Supply System using Solar PV 
and its Integration to the National Grid: 

A Case Study of Masaka Village 
Ernest NSHIMIYIMANA, Pr. Abdellah Khellafa

a Centre de Développement des Energies Renouvelables – CDER,, Algiers, Algeria 
erkey2020@gmail.com

Abstract
Due to a rapid increase in household biomass energy consumption which has been occurring recently in Rwanda particularly in urban and semi-urban
households due to the energy crisis in Rwanda, solar energy is promoted and widely adopted at the domestic level. This work presents a study that
examined the possibility of supplying electricity to Masaka village households by using a grid-connected solar PV system. Information gathered have
demonstrated that Masaka village receives a monthly average solar insolation of 4.8 kWh/m2/day for the most time of the year. The selected middle-class
family has the average peak power of 5.93 kWp while the total daily energy consumption is 8.3 kWh. RETScreen Expert was used to size and simulate the PV
system suitable for the selected house. Considering the daily energy consumption for the household and different loses, a 3 kW PV system was sized where
the surplus electricity during off-peak demand could be exported to the grid and be imported when there is a low production for the system. The cost-
benefit analysis results reveal that solar energy is viable in this selected village with an initial investment of $ 11,489 and a payback period of 8.1years.

According to MININFRA 2016, Rwanda faces the problem of insufficient
energy to meet the needs of the country. Rwanda has the highest
electricity prices compared to that of neighboring countries in the
region.
With grid-connected consumers paying roughly Rwf182
($0.22)/kWh)(Livingstone, 2015): due to high cost of imported oil and to
poor transmission system( 20% of energy is lost).

A 8.36 kWh electricity is needed for the middle-class households: design
of the system with 10 panels of 300Watt capacity each.
The study has revealed that Masaka receives a monthly average solar

insolation of 4.88kWh/m2/day for most time of year.
In addition, the cost-benefit analysis was performed to determine if the

investment would be financially worthwhile. The results reveal that solar
energy is viable in this selected village with an initial investment of $
11,489 and a payback period of 8.1years.

1. Livingstone, R. of Z. (2015). Consideration of funding proposals –
Addendum Funding Proposal Summary for FP005.

2. MININFRA. (2016). Rural Electrification Strategy.
3. City of Kigali. (2013). Kigali City Master Plan Report Project Title: detailed 

physical plan for gasabo and kicukiro, kigali Client: City of Kigali Submission 
Date.

4. Development Bank of Rwanda. (2017). Rwanda Renewable Energy Fund 
Project, Environmental and Social Management Framework - ESMF.

5. Solar Plaza. (2017). Facts and Figures, Solar Energy 2017 Eastern Africa.

Design and techno-economic analysis of an electrification system for a
remote area. This project address the issues challenging the viable and
sustainable provision of electricity to Rwanda

OBJECTIVES

METHODOLOGY

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES

BACKGROUND/CONTEXT 

PROBLEM STATEMENT/RESEARCH QUESTION

The gap between energy demand to meet the needs of the Rwanda
energy sectors and the generation capacity and the energy generation
capacity is huge: about 70% of the population have no access to
electricity and more than 80% have no access to clean modern energy;
despite the facts that the country has abundant solar energy potential to
support its energy. Only 31% of the population has an access to the
national grid with most of them from urban areas. Rwanda conventional
energy resources are limited, the best solution is then to develop its
renewable energy resources.

❖Overview of Proposed 
Solar PV System

❖ Solar insolation Data 
(NASA&RMA)for the study area 
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❖ Climate data for the Case study ❖GHG Emission analysis 

❖ Cumulative cash flow

For 25-years lifetime for
the system will reduce the
amount of GHG emission
by 57.5 tones.

The max. power
consumption demand,
for the picked household
is roughly equivalent to
5.93kWp.
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Feasibility Study of Hybrid Renewable Energy Systems
Mini-Grids for Rural Communities in Mali: 

Case Study Sokolo
Safiatou MARIKO, Francis KEMASSOURa

a Kwame Nkrumah University of Science and Technology KNSUT, Ghana
Contact details: safimariko22@gmail.com

Abstract
Access to energy and electricity remains a challenge in Sub Saharan Africa, particularly in remote rural Mali. In this study various options of hybrid
(renewable) energy system were designed for rural electrification perspective. This study assesses the feasibilities of hybrid renewable power systems for
the Sokolo community in Mali. The Hybrid Optimization Model for Electric Renewable (HOMER) software was used to run the technical and economic
analyses for various scenarios and compared to the system used by AMADER(Malian agency for domestic energy and rural electrification). In addition
sensitivity analysis is performed to consider uncertainty in variables: biomass price, PV equipment (modules, batteries, converter, and inverters) and biogas
generator price multiplier on the NPC and the LCOE of the selected system.

In rural communities, electricity access is a challenge, and grid
extension is expensive. Rural areas produce enough biomass and
agricultural residues so that their electricity demands can be met by
biomass power plants. Apart from providing the rural communities
energy self-sufficiency, these plants can also generate enough
employment opportunity . Rural employment and wasteland
development is possible through this sustainable and renewable
source of energy .

The design of micro solar-biogas battery hybrid power system, require
inputs such as hourly load profile, available biomass (tonne/day), cost of
biomass, monthly solar radiation, value for a PV system, the initial costs
of each component, cost of diesel fuel, annual real interest rate. (local RE
sources were considered) Wind and hydropower were not integrated
because of the low potential of wind resource in the region and use of
water for irrigation.

▪ Optimal system for the to supply Sokolo’s load was found to be Scenario
B:100 kW PV array, 150 kW biogas genset 144 battery 30kW of converter

▪ The LCOE US$ 0.279/kWh, NPC US$ 804,174 CO2 emission 490 kg/yr, PT
of 8 years and RE fraction 100%.

▪ The study concludes that agricultural residue can be incorporated in
electricity generation and lead to affordable and environmentally friendly
and cost competitive supply of electricity and increase electricity access
and generate economic activities specially in rural remote areas and can
be a better way of disposal for theses agricultural wastes.

1. Chauhan, A., & Saini, R. P. (2015). Renewable energy based off-grid rural 
electrification in Uttarakhand state of India: Technology options, modelling  
method, barriers and recommendations. Renewable and Sustainable 
Energy  Reviews,  51,  662–681. https://doi.org/10.1016/j.rser 
.2015.06.043

Find a suitable cost-effective, clean and environmentally friendly (HRES)
based biomass (locally produced rice straw) for the people of Sokolo

OBJECTIVES

METHODOLOGY

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES

BACKGROUND/CONTEXT 

PROBLEM STATEMENT/RESEARCH QUESTION

The supply of clean, reliable and affordable sustainable and
environmental friendly energy is a condition for economic, social and
industrial development of a nation and the population well-being,
RE sources play major role in achieving electricity access in both
grid-based and decentralized technologies essential for remote rural
areas power generation .

Design components and 
parameters

Populate the model

Results verification

LCOE

STUDY AREA

Located in the southern Mali with
22,310 inhabitants in 2017, 2,219 Km²
for surface area Sokolo is a major rice
growing community in Office du Niger .
Office du Niger represents 40% of
the total Malian production and close
to high voltage transmission line, to
allow transport of excess energy.

Cost summary of scenario A
NPC $ 3,508,888
LOCE $/kWh 1.21

System cost summary C
NPC $ 930,883

LOCE $/kWh 0.323

Cost summary system B
NPC $ 804,174
LCOE $/kWh 0.279

Scenario D cost summary
NPC $ 888,239.10
LOCE $/kWh 0.238

Emission analysis of a HRES
(conventional and renewable )

Effects of solar PV and biogas generator 
cost on LCOE cost of energy
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According to the REEEP, the Algerian Sahara has an average solar
energy of 6.57 kWh/m2/day. [1]. In order to increase the exploitation
of the solar energy potential in Algeria while mitigating the climate
changes effect and reducing the toxic pollutants, the installation of
hybrid systems represents an excellent option especially in remote
areas where the national grid is not available. PV systems and
electrolysers can be combined with hydrogen storage and a diesel
generator. Unlike batteries, which are considered as flexible and fast
response back up storage but very costly, the diesel genset can
generate electricity for limitless time to support the PV generator.
Hence, combining all of the PV generator, the diesel generator and the
hydrogen storage will assure a continuous supply of high quality power
generation and an effective storage of energy in form of gas.

Modelling and Optimization of a Stand-Alone 
PV-Diesel Hybrid System with Hydrogen Storage: 

Case of Algeria
Adel MOKRANE, Prof. A. ZERGAa, Mr. I.A. JUMAREa

a,Pan African University Institute of Water and Energy Sciences PAUWES, Tlemcen, Algeria 
E-mail: adeljc8@gmail.com

Abstract
The aim of this study is to find the optimum system configuration of a hybrid power system that can supply electricity to a rural community in
south of Algeria. A rural village from the region of Adrar containing 15 households is selected with a daily electricity demand of 145.44 kWh and a
day-time peak of 39.80 kW. HOMER Pro. (Hybrid Optimization Model for Electrical Renewables) computer modeling software was used to model
the power system. The hybrid system configuration has been found to be 21.7kW-PV, three 10kW-diesel genset, 20.0kW-electrolyzer and 380kg-
hydrogen tank. The total Net Present Cost NPC of this hybrid power system was found to equal $823.744 and electricity can be supplied at an
approximate cost of energy LCOE of 0.60 $/kWh.

Algeria relies on fossil fuels to satisfy the national demand of electricity
where they account 99% of the electricity generation with the
remainder generated by hydropower [2]. This may lead to the
depletion of such resources, thus facing a serious national energy
shortage crisis.
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Modelling and designing a PV/diesel hybrid power system associated
with hydrogen storage to fulfill the electricity demand of fifteen (15)
households in Adrar in affordable, reliable and sustainable way with
cost-effective solution.

Begin

Define Input Data

Eco.  Constraints
Data

Load Profile  
(Households)

Resources
Data

Sizing     
Components 

Run HOMER Simulation

Meet 
Load 

Requirement

Re-sizing Components

Evaluate Costs & Energy Production (Total, Renewable, Excess)

Select and Analyze The Economically Optimum Size

Conduct One Or More Sensitivity Analyses
Results & Discussion

HOMER categorized 
optimization results

❖ The NPC of the HPS was 
found to be $823,744 and 
the LCOE was 0.602$/kWh.
Energy produced by the 
different energy sources 
and their shares 

Production kWh/yr %
PV 37,354 51.24
Genset 1 31,342 43.0
Genset 2 3,437 4.72
Genset 3 759 1.04
Capacity shortage - 0.188

❖ Solar PV has the highest share however most of it is used 
to produce hydrogen by the electrolyzer.

(a) LCOE (b) NPC at different 
minimum renewable fraction

❖ The increase in both LCOE and 
the NPC is due to the increase in 
the solar PV system capacity.
(a) LCOE (b) NPC at different 
annual average solar radiation

▪ At present, hybrid power systems with hydrogen storage are not 
cost-competitive against both stand-alone conventional fueled 
system and grid utility power source. However, such storage 
system type offers the possibility to store safer, cleaner and more 
efficient energy.

▪ From the lifetime cost analysis, the estimated levelized cost of 
electricity LCOE has been found to be 0.602 $/kWh.

▪ It has been also that this cost increases either with the increase
in the minimum renewable fraction of the decrease in the annual 
average solar radiations.

1. Energy & Mines Book 2007. www.mem-algeria.org (accessed in 
March 2018).

2. Michal Nachmany, Sam Frankhauser, Jana Davidoka, “A Review of       
Climate Change Legislation in 99 Countries”, Climate Change       
Legislation in Algeria.

3. National Oceanic and Atmospheric Administration, “Adrar Climate
Normals, 1961-1991”. Retrieved October 21st, 2016.
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The global energy mix is dominated by fossil fuels, representing over 80%

of the total energy supplied in the world today. In the next few years, the

world will reach its peak oil production. In addition, the world is faced with

issues of environmental pollution and serious global warming. Bio-fuels

provide the most promising alternative to the fossil-derived fuels. Croton

oil is available in abundance in most regions of Eastern and Southern

Africa.

Optimization of the Compression Ratio of a Diesel Engine
Running on Croton Biodiesel

Shadrack Kimanzi Musyoka, Dr. Robert Kiplimoa

aJomo Kenyatta University of Agriculture and Technology, Nairobi, Kenya 
musyoka.kimanzi@gmail.com

Abstract
Over the past few decades, there has been growing concerns over the sustainability of petroleum derived fuels. A number of previous studies have
identified croton seed biodiesel as a very promising fuel that can substitute diesel fuel in an internal combustion without any major modifications on the
engine. The aim of this study was to analyze the performance, combustion and emission characteristics of a variable compression ratio CI engine running
on croton bio-diesel. From the results of the study, croton biodiesel can be used in a diesel engine without any major modifications.

The world's energy supply will reach its midpoint of depletion and

maximum production around the year 2020. Burning of fossil fuels for

electricity production, transport and heating contributes the highest

percentage of green house gas emissions. The world is getting more

concerned about the depletion of oil reserves, the environmental issues as

well as the ozone layer depletion caused by combustion of fossil fuels.

❖A higher CR (CR 18) is desirable in a croton biodiesel – diesel fuelled

engine

❖Blend B20 produces excellent engine characterisitcs. Higher amounts of 

the biodiesel reduce engine efficiency.

❖Blending diesel with croton biodiesel reduces CO emissions

❖Croton biodiesel can be used in a diesel engine without any

modifications on the engine.

1. R. Senthil, R. Silambarasan, and N. Ravichandiran, “Influence of injection 
timing and compression ratio on performance, emission and combustion 
characteristics of annona methyl ester operated diesel engine," 
Alexandria Engineering Journal, vol. 54, no. 3, pp. 295-302, 2015.

2. S. Nagaraja, K. Sooryaprakash, and R. Sudhakaran, “Investigate the eect
of compression ratio over the performance and emission characteristics 
of variable compression ratio engine fueled with preheated palm oil-
diesel blends," Procedia earth and planetary science, vol. 11, pp. 393-
401, 2015.

To investigate the effects of varying compression ratios on the 

performance, combustion characteristics and emissions of a compression 

ignition engine running on croton biodiesel-diesel blends.
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Croton Oil 
Extraction

Biodiesel Preparation 
(Transesterification)

Blends 
Preparation

Testing (Engine 
Tests)

Results 
Analysis

CR 18 has the best performance characteristics

B20 has the best performance characteristics

❖ B20 produces the 
optimum NHR curve

❖ The blend also has the 
best MGT and MFB 
characteristics
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The methodology used in this thesis is a system dynamics approach of
modelling the physical component of the resource and the technological
progression.

Sub Sahara Africa Energy Scenario, the challenges, the Opportunities and 
the need for a transition 

Sustainable Energy Transitions for Ghana
Nelson Manjong, Dénes Csalaa

aLancaster University, Lancaster, United Kingdom
Contact details: nelsonmanjong@gmail.com

Abstract
The project uses the Energy Return on Energy Invested (ERoEI) to measure the sustainability of fossil and scale unlimited renewable resources (Wind and

solar) in Ghana. Considering the dynamic evolution and stochastic behaviour of ERoEI, causal and feedback loops (systems dynamics) are used to model
the interactions between the different intervening variables of the two sub systems under investigation: the fossil and the renewable sub system. A
timeseries of dynamic evolution of ERoEI is developed for a period of 90 years starting from 2010 to 2100 to characterize and display the sustainability of
energy resources available in Ghana.

.

• The significance of this study is to aid energy planning institutes on the
priorities of energy infrastructures development owing to the dynamics
of the energy return on investments.

• In the case of Ghana with government’s plan to expand thermal plants,
our results show though this a workable solution for the moment, it
won’t be a suitable and sustainable as the energy return on investments
for natural gas and oil are expected to fall rapidly after 2020 and
consequently the fossil resources’ depletion is expected to occur by
2040.

• Solar potential in Ghana is very high and solar technology will be the
main energy resource for the country for a sustainable transition
process.

• Wind too has a considerable potential but with a low resource quality,
however, wind technology remains crucial to Ghana.

• We therefore recommend the government of Ghana to quickly
implement policies that will accelerate the development of scale
unlimited renewables and increase high integration and penetration of
renewables.

1. Csala, D. (2016). A data-driven dynamic net-energy analysis of global and 
national sustainable energy transition paths By Dénes Csala.
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How does ERoEI define a Sustainable transition ?

How can a timeseries of ERoEI  be developed using System Dynamics to 
capture the stochastic and dynamic evolution of the Ghanaian Energy System?

Technology 
Progression

Resource 
Quality or 
Resource 
depletion

Dynamic 
ERoEI

𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝑬𝒌𝒌 = 𝜺𝜺𝒌𝒌𝑭𝑭(𝒑𝒑𝒌𝒌) =𝜺𝜺𝒌𝒌 𝑮𝑮(𝒑𝒑𝒌𝒌)𝑯𝑯(𝒑𝒑𝒌𝒌)

𝑮𝑮 𝒑𝒑𝒌𝒌 = 𝟏𝟏 − 𝜸𝜸𝒆𝒆−𝝃𝝃𝒑𝒑
)𝑯𝑯(𝒑𝒑𝒌𝒌 = 𝝓𝝓𝒆𝒆𝝍𝝍𝒑𝒑

FOSSIL SUB SYSTEM RENEWABLE SUB SYSTEM
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• Almost 71.8% of the population in Cameroon in 2014 relies on
biomass mostly wood and charcoal for heating and cooking. Hydro
is the main resource used for electricity generation.

• Recurring power shortage in the country is now a handicap for
business owners and students.

• Main waste streams identified in Cameroon are animal dung,
wastewater from slaughter houses, agro-industrial wastes, food
waste, municipal solid waste and industrial wastes, all sources of
pollution.

• Thus, sustainable distributed electricity generation seems to be an
opportunity to increase the rate of rural electrification while solving
waste management issue in Cameroonian context.

Technical Feasibility Study of Biogas Production 
for Electricity Generation: Case of a Community of Manwi District 

in Ngaoundere - Cameroon
Waffo Bénédicte MEGNE, Fouzi Tabeta

a DeutschesBiomasseForschung Zentrum, Leipzig -Germany
Contact details : megnew.bed@gmail.com

Abstract
This study aimed to assess the electrical potential from pig manure produced in a piggery in Manwi district in Ngaoundere (Cameroon). The study
consisted firstly to obtain the amount of manure available through census of existing animals. Evaluation of the potential biogas to be produced from
manure and electricity consumption in the community around the pig farm followed. Comparison between the electricity potential of biogas and the
electricity consumption of the community shows that only 13 % of the electricity need is covered by biogas from pig manure.

• Until now, several case studies in the region are focused on biogas
production through anaerobic digestion or co-digestion for cooking
with animal manure and/ or agriculture waste as primary resource.

• Electricity generation potential from anaerobic digestion is still
unexplored.

1. Scarlat N, Motola V, Dallemand JF, Monforti-Ferrario F, Mofor L.
Evaluation of energy potential of Municipal Solid Waste from African
urban areas. Renew Sustain Energy Rev 2015; 50: 1269–86.
doi:10.1016/j.rser.2015.05.067.

2. Jerome Ndam. Improving Access To Modern Energy Services in Rural
Areas of Developing Countries. Towards a Comprehensive Access
Strategy. PhD thesis in energy and nuclear science technology, 2016

This study aims generally :
to assess livestock potential and its potential valorization ways.
Specifically,:
1. Assessment of animal manure potential
2. Assessment of available energy from animal waste;
3. Assessment of energy needs;
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➢ The annual biogas production covers only 14.72% of the electrical
consumption of that community (without taking into account energy
need for water supply), 103.1 % of electrical consumption of the
sample household.
➢ Impact of quality, quantity of food and season on pig manure
characteristics should give exact quantity of manure produced yearly.
➢ Future studies in order to obtain accurate measured ground data of
crop and forest biomass resources out of animal dung especially for
electricity generation, cooking and lighting applications.

1. Feedstocks assessment 
2. Waste characterization and estimation of biogas potential of the 

feedstock
3. Energy consumption assessment of the rural community (monthly 

electricity consumption taken from electricity bill of one household 
and multiplied by the number of households)

4. Volume of biogas necessary to meet the energy demand

(1)

5.   Determination of biogas proportion used from the total biogas   
potential 

Estimated biogas to be used =                                    (2)

6.   Computation of the electrical energy production of methane from 
bioreactor 

1- Annual electricity consumption of the community (AECC)

AECC =  Annual electricity consumption of one household (1077 

kWh) * number of households (7)                       (3)

AECC = 7539 kWh

2- Amount of biogas needed for  electricity need in the community

(m3):

3- Rate of electricity needs covered by biogas per 
household

(RECBH) =  

4- Rate of electricity needs covered by biogas per community
(RECBC)

RECBC =
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➢ Feed-in tariff (FIT) is an energy supply policy that attract
investments in renewable energy by offering long-term guaranteed
purchase agreements to green power producers to sell their
electricity into the grid.

➢ Feed-In Tariff (FIT) policy, the most versatile and widely 
implemented scheme globally accounting for a greater share of 
renewable power propagation than any other renewable energy 
policy support scheme.

➢ According to the Renewables Global Status Report (GSR 2017), 110 
states or countries have FIT policies in place [1].

➢ FIT account for nearly “75% of worldwide solar photovoltaic (PV) 
and 45% of global wind energy deployment [2]. 

➢ In Europe alone, FIT policy accounted for 93% of all wind onshore 
capacity and entirely 100% of solar photovoltaics
installed by the end of 2010 [3].

a) Why the FIT policy in Malawi has actually not increased renewable 
electricity generation capacity? 

b) Why the FIT policy in Malawi has actually not attracted 
Independent Power Producers (IPPs)? 

a) Examining feed-in tariff policy design and remuneration model in 
Malawi.

➢ Investigating the feed-in tariff policy implementation and the 
challenges encountered in Malawi.

➢ Examining the funding for feed-in tariff policy in Malawi.
➢Modelling tariff prices using RETScreen Expert.

Abstract
The purpose of the thesis was to analyse the poor performance of Malawi FIT and redesign the policy to attract investors. Since its inception in 2012, the
FIT has neither increased renewable electricity generation capacity nor attracted any Independent Power Producers to connected to the grid or generating
and selling power to a particular community as distributed generation. The study also involved modelling FIT rates for Kamuzu International Airport (KIA)
solar farm under six scenarios and policy options using RETScreen Expert. To turn the KIA project to profitability, the FIT has to be $ 0.34 kWh and investors
will earn a 10 % internal rate of return on equity.

Regulatory policy instruments to promote renewable electricity 
generation have taken on increasing importance in many countries 
and states. The widely deployed and successful policy instrument 
for encouraging generation of electricity from renewables in the 
world are feed-in tariffs. 

Based on the study; 
i) The Malawi FIT policy must be gazetted.
ii) Stakeholders should be involved during design and review of the 
policy. 
iii) A stable funding mechanism should be established.  

1. Alizamir S, Véricourt F, Sun P, (2016) Efficient Feed-In-Tariff Policies for
Renewable Energy Technologies. Operations Research 64(1):52-66.

2. Ragwitz M et al, (2012). Recent developments of feed-in systems in the
EU – A research paper for the International Feed-In Cooperation.
Ministry for the Environment, Nature Conservation and Nuclear Safety
(BMU).
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Analysing Feed-in Tariff Policy to Accelerate Renewable 
Energy Deployment and Electricity Access in Malawi

The research onion

Technology 
Eligibility 

• Hydropower               . Solar                              . Wind
• Biomass                     . Biogas                            . Geothermal 

Tariff 
Differentiati

on 

• Technology type        . Project size                    . Specific location 

Tariff 
Calculation 
Methodolog

y

• Actual levelized cost of RE generation 

Remunerati
on Model 

• Fixed price model with full or partial inflation adjustment 

Tariff 
Structure 

• Fixed price over a set period of time 

Contract 
Duration 

• Long-term (20 years) 

Tariff 
Adjustment 
Approach

• Inflation adjustment 

Tariff 
Adjustment 
Magnitude 

• Experience curves 

Tariff 
Adjustment 

Timing 

• Periodic administrative review 

Price 
Establishme

nt 

• Conservative basis 

Interconnect
ion 

Obligations 

• Priority grid access                                   . Purchase obligation
• Shallow approach interconnection costs   . Forecast obligation 
• Non-utility purchase agreement 

Policy 
Funding

• Fuel levy                                                    . Ratepayer 
• Electricity levy                                           . EFD tax collection 

Redesigned Malawi FIT policy 

RETScreen results (Financial Modelling)

Isaac Chitedzea, Hassan Oudrat-Ullahb

(b)York University, Canada 
Contact details: isaacchitedze@gmail.com
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• Energy is a fundamental ingredient for economic development as
well as for the improvement of social welfare.

• Reports shows that use of energy has been resulting to social
problems as well as emissions of harmful pollutants to the
environment such as carbon dioxide resulting to disastrous effects
such as climate change (IAEA, 2005)

• The judicious use of energy resources and technology in order to
reduce their negative impact is strongly related to two concepts
namely energy efficiency and energy management (Rosenberg and
Winkler, 2011)

• The manufacturing industry accounts for about 75% of the world’s
yearly coal consumption, 20% of global oil consumption, and 44%
of the world’s natural gas consumption. Furthermore, the
manufacturing industry also uses 42% of all electricity produced
(IEA, 2004).

Assessing Implementation of Energy Efficiency 
Practices and Industrial Energy Management: 

A Case Study of Kenyan Industries
Jacinta OKWAKO, Hassan Qudrat Ullahb, Simiyu Justusc

(b)York University, Canada; (c)University of Nairobi, Kenya
Contact details: jacintaokwako@yahoo.com

Abstract
The manufacturing industry is facing tougher competition which increases the demand to implement cost-effective energy efficiency measures. However,
studies have indicated that obvious cost-efficient measures are not always undertaken. In a country like Kenya where sometimes generated electricity is
never enough due to issues like drought which occurs almost on yearly basis and the electricity tariff is very expensive (USD cents 15/KWH), the best
solution in this case is for the industries to invest in the adoption of energy efficiency measure in order to reduce the cost of energy use.

The demand for energy is increasing at an alarming rate as a result of
increased industrialization globally. This has led to some energy
related challenges witnessed such as increase in energy prices, rapid
depletion of energy resources, climate change due to emissions of
CO2 and other pollutants to the environments among others. In order
to respond to the increasing concerns related to these challenges,
several industries around the globe have already adopted energy
efficient and management initiatives in order to reduce their energy
intensities. By adopting these initiatives, these industries have
contributed in enhancing environmental protection as well as
increased their economic competitiveness.

▪ There is existence of energy saving opportunities hence 
indicating existence of energy efficiency gaps in manufacturing 
industries.

▪ Out of the 31 industries surveyed, 27 of them had carried out an 
energy audit as per the Energy Management Regulation of 2012

▪ Further research is needed on the in depth analysis of  the 
industries’ energy management systems.

▪ More research is needed to determine how the relevant sectors
such as KPLC, ERC and financial institution works to improves on
the energy efficiency and management in order to assist Kenya
as a nation achieve sustainable energy consumption

1. International Atomic Energy Agency (IAEA), (2005). Energy Indicators of 
Sustainable Development: Guidelines and Methodologies, page1.

2. Shirene A Rosenberg and Harald Winkler (2012). Policy review and 
analysis: Energy efficiency strategy for the Republic of South Africa.

3. IEA (International Energy Agency). Key World Energy Statistics, IEA, 
Paris :2004

To assess the implementation of energy efficiency practices and
industrial energy management adopted by Kenyan industries in the
manufacturing sector.

OBJECTIVES

METHODOLOGY

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES

BACKGROUND/CONTEXT 

PROBLEM STATEMENT/RESEARCH QUESTION

58%
42%

Response rate

Questionnaires
responded to

Questionnaires
unresponded to

6%

42%36%

10%
6%

Less than 1,000,000 kWh

Between 1,000,000-
5,000,000 kWh

Between 5,000,000-
10,000,000 kWh

Between 10,000,000-
15,000,000 kWh

Above 15,000,000 kWh

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Monitor trends in
energy use

Use monitoring and
targeting schemes

Energy
performance

adviced to staff

Consumption
compared with

benchmarks

Undertook energy
audit

Yes No

0

5

10

15

20

25

Strongly
agree

Agree Neutral Disagree Strongly
disagree

Don’t know

24

6 1

Fig 1. response rate Fig 2. Amount of electricity consumed

Fig 3. energy management 
information

Fig 4. energy efficient opportunities

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

COLLEAGUES WITHIN THE COMPANY

WRITTEN SOURCES OF INFORMATION SUCH AS 
JOURNALS

CONFERENCES AND SEMINARS

COLLEAGUES WITHIN THE SECTOR

ENERGY REGULATION COMMISSION (ERC)

INFORMATION FROM KENYA POWER AND 
LIGHTING COMPANY (KPLC)

SECTOR ORGANISATION SUCH AS KAM

INFORMATION FROM MANUFACTURERS

ENERGY AUDITS REPORTS

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Good housekeeping System optimization Adoption of energy
management system

Staff capacity
building and training

Fig 5. sources of energy 
efficiency information

Fig 6. Adopted energy efficient 
measures

This study was carried out as a case study on Kenyan manufacturing 
industries situated in Nairobi, Mombasa, Thika and Kisumu. 

The data was collected using a questionnaire due to its explorative nature 
of the study and the multi sites investigated. 

The target population of the study consisted of 50 companies from 
different sectors which are listed in the KAM directory

The research made use of non-probabilistic technique (Etikan and Bala, 
2017).

The questionnaires which were returned after being completely filled were edited, 
coded then entries made into Statistical Package for Social Sciences (SPSS 

version 25.1).
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Assessment of the impacts of After Sales Services 
on Performance of Household Energy Systems in Rwanda: 

A Case of Ngoma District
Jean Paul Sibomana, Dr. Wojciech M Budzianowskib
bWroclaw University of Science and Technology, Poland

Contact details : spaul002@gmail.com
Abstract

This study sought to assess the impacts of after sales services on households’ energy systems in Rwanda. Specifically, the study focused on the
performance of households’ energy systems that have got after sales services and the energy systems that have never had such services. The findings
revealed that after sales services are very important in mitigating possible break down of the households’ energy systems. The results further showed that
many households bought solar home energy systems since provider offered after sales services more frequently than provider of biogas energy systems.
The study concluded that household energy systems break down is mainly caused by lack of adequate after sales services from the providers.
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Renewable Energy Technology has increased in Rwanda. As of 2017,
10,588 domestic and 86 institutional biogas digester plants have been
constructed across the country [1].
According to Rwanda energy group electrification report. 258,670
households have been connected by means of solar systems which has
increased off-grid access to 10.7% [2].

Rwanda biogas program study showed, 65% households satisfied with
working of their biogas plants, 25% disappointed, 10% not in operation
[3].
The abandonment of the household energy systems is mainly caused
by insufficient and inadequate technical maintenance basically due to
the lack of regular follow up services / after sales services of the
systems.

➢ To assess the impacts of after sales services on performance of
household energy systems in Rwanda.

➢ To determine peoples’ perceptions towards after services on
household energy systems in Rwanda.

METHODOLOGY

No
40%

Yes
60%

Operational 
biogas plant

27%

Non-operational 
Biogas plant

18%

Solar Home 
Systems

55%

To what extent has your energy systems achieved its 
intended purpose

V.High
extent

High 
extent

Moderate 
extent

Low 
extent

V.Low
extent Total

Have been receiving 
after sales services 
for the home energy 
systems

No 0 12 17 12 3 44

Yes 16 11 13 20 6 66
Total 16 23 30 32 9 110

1. Ministry of Infrastructure, Republic of Rwanda. 2018. “Energy Sector 
Strategic Plan.” (November 2017).

2. Ministry of Infrastructure, Republic of Rwanda. 2017. Forward Looking 
Joint Sector Review for Fiscal Year 2017/18 Report. Retrieved May 9, 
2018 

• After sales service improves performance of household energy systems.
• Firms that offer after sales services sell more than those that don’t 

provide.
• There is a need of progressive policies and regulation to manage 

providers of renewable energy home systems to protect consumers 
from substandard services from suppliers.

No
48%Yes

52% Not being offered 
by suppliers

82%

Unaffordable
18%

❖All the households that indicated their energy systems had achieved its 
intended purpose by high extent, received after sales services from the 

system suppliers. 

❖Energy system run and produce 
gas/electricity effectively.

❖The major reason for lack 
of after sales services. 

❖60% have been receiving 
after sales services

❖Categories of household 
energy systems surveyed
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Many factors can influence power generation from renewable energies.
One such factor is without doubt climate change. The main objective of
any climate change mitigation strategy is pushing toward lower
greenhouse gas (GHGs) emissions. However, the most promising energy
generation sources without emissions are renewable energy resources
which for most of them are climate dependent.
Like all the regions, Africa must confront some key challenges associated
with the use of renewable power sources such as dependency on the
weather, intermittency in power and also
the growing concentration of the GHGs in the atmosphere that will likely
cause an unstable state of the climate that may affect not only solar power
but also hydro and wind power generation performance negatively or
positively.

Assessing Solar Energy Potential 
over West Africa under Climate Change: The case of Niger

Mohamed Zodi Saddam, Dr. Benjamin L. Lampteya

aAfrican Centre of Meteorological Application for Development (ACMAD), Niamey, Niger 
Contact details: mohamedzosaddam@gmail.com

Abstract
Due to meteorological and environmental conditions, the solar energy potential varies depending on the geographical locations. This study is aimed at assessing
the solar energy potential of the cities of Niamey and Agadez in Niger for both present (1979-2005) and future (2019-2100) climates. The study required the
collection and analysis of climatic data obtained from the West African Science Service Centre for Climate and Adapted Land Use (WASCAL). The results showed
variabilities and trends of direct irradiance (swddir), diffuse irradiance (swddif) and the surface temperature (ts) for both areas. Also, based on the results, both
cities are suitable for solar energy applications but Agadez have slightly higher values of direct irradiation compared to Niamey. Additionally, investigations were
conducted to determine the existing renewable energy policies and policy recommendations were made for the promotion of solar energy in the Niger.

Niger is endowed with huge potential solar energy resources which if
harnessed could contribute to increase the electricity access and the
socioeconomic development the country.
Addition to that, given the current trend of changes in climate, it is
important to understand the impact of climate variability and change on
solar energy resources. Only few studies have analyzed the variability in
the diffuse and direct components of solar radiation in the region in
general. Understanding the variability of these parameters is critical for
the integration of solar energy into the national energy sector. Thus, there
is a need for high resolution climate simulations if meaningful studies on
the impact of climate variability and change on renewable energy
resources such as solar energy resources.

1. Bazyomo, S. Y., Lawin, E. A., Coulibaly, O., & Ouedraogo, A. (2016). 
Forecasted Changes in West Africa Photovoltaic Energy Output by 2045. 
Climate, 4, 53. 

2. Dust on the Performance of Photovoltaic Module in Niamey. Journal    of 
Renewable Energy, 9. 

The specific objectives are:
▪ to determine the trend in the climatic factors such as the surface

temperature and the shortwave surface downward irradiance (direct
and diffuse) that influence the solar energy potential;

▪ to explore which locations are currently suitable for solar energy
applications and if theses locations will still be suitable under future
climate;

▪ to determine the existing renewable energy policy of Niger;
▪ to investigate about appropriate policies that could enable the solar

energy technologies deployment in Niger.
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❖A combination of three GCMs (MPI, GFDL, HAD-GEM) with one RCM
(WRF) obtained from WASCAL is used in this study.

❖The Representative Concentration Pathway Scenario RCP 4.5 (Van
Vuuren, et al., 2011).

• From the three-hourly data collected, the monthly and yearly mean of
surface temperature, shortwave surface downward direct radiation and
shortwave surface downward diffuse radiation were calculated.

• Secondly, an analysis of the trend and variability ts, swddir and swddif
over the cities of Niamey and Agadez was done and the future evolution
of these parameters explored, using rcp4.5 scenarios for the period of
2019-2050 and 2079-2100.

• The analysis was done using NCAR Command Language (NCL) and
Climate Data Operator (CDO) for data manipulation and analysis.

• Additionally, investigation was done to determine the existing renewable
energy in Niger and some policy recommendations were made in order to
scale up the deployment of solar energy.

Fig. 1: Evolution of shortwave downward direct irradiance for the reference
period to the near future over Niamey and Agadez under RCP4.5 Scenario

Fig. 2: Evolution of shortwave downward diffuse irradiance for
the reference period to the near future over Niamey and
Agadez under RCP4.5 Scenario

Fig. 3: Eevolution of Surface temperature for the reference period to the near
future over Niamey and Agadez under RCP4.5 Scenario

CSI
4.37%

Schools
1.18%

Pomping
27.17%

Community radio
1.06%

Telecom
38.93%

I.C & A
1.39%

Private sector
15.21%

Public lighting
10.70%

Fig. 4: Solar energy share by different sectors in Niger
(CNES, 2015); I.C& A= community and administrative
infrastructure; CSI (Lighting, refrigeration, ventilation,
Radio)

Based on the results, both localities are suitable for installation of solar
energy panels to satisfy the energy needs in the country. Regarding the
siting of the solar panels (or solar farms), additional factors such as
topography, land cover, price of the land, proximity to the transmissions
lines, and the intended national grid expansion plans, are to be considered
to determine the ideal locations to install solar power facilities.
Recommendations to Scaling Up Solar Energy Deployment
The study is also aimed at disseminating the message that countries like
Niger could cover large parts of their electricity demands by just
developing a fraction of their solar potential, with appropriate policies in
place.
Get Around Policy Stagnation, Get Around Political Fragmentation, Support
mechanisms, Strengthening the capacities of the National Solar Energy
Centre (CNES), Risk insurance, capacity building and Technology transfer.

▪ An increase of diffuse irradiance up to +2W/m2 is observed in Agadez
and around 1W/m2 for Niamey.

▪ The increase in direct irradiance is almost the same for Niamey and 
Agadez and is around to 6 W/m2. 

▪ There would be an increase of temperature over both localities in the 
near future (2019-2050): up to 2.1°C in Niamey and 1.9°C in Agadez.; 
and in a far future (2069-2100), the increase is up to 3° C for Niamey 
and 2.6° C for Agadez. 
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• Achieving some of the SDGs will not be possible without adequate
energy supply and infrastructure. Energy security ensures energy
supply that meets demand at an affordable price to consumers.

• Essential dynamics of a given system can be captured by including
the key processes with longer and shorter turnover times (slower or
faster turnover rates).

• Fast variables (variables that have fast turnover rates e.g. price) of
the system show the dynamics of the underlying structural
variables.

• Adjusting to adversity can therefore be reflected in electricity price
which represents the capacity of the energy system to adjust to
change (Molyneaux et al., 2016; GEA, 2012 & Carpenter et al, 2001).

• Therefore, if price can show levels of stability, despite volatility in
structural components, then there is evidence of resilience in
electricity generation.

Assessing The Impact of Fast Variables 
on Resilience of Electrical Energy in View of Climate Change 

and Energy Security in Kenya 
Cohen Ang’u, Nzioka J. Muthamab

bUniversity of Nairobi, Nairobi, Kenya 
Contact details: angu.cohen23@gmail.com

Abstract
Establishing the causes of electricity price fluctuations is essential for making policy decisions that ensure sustainable development. Quantitative
analysis of resilience metrics and electricity prices was conducted. Electricity prices in Kenya lack a long run trend owing to high volatility of the
prices. Diversity affects electricity prices negatively owing to persistent thermal generation. Electricity importation has been found to increase
electricity prices while oil price shocks were found to affect both electricity price and generation.

Expensive energy hinders Kenya’s competitiveness by raising the cost
of doing business.
In this regard, energy accessibility and cost are key priorities of the
Ministry of Energy and Petroleum.

✓ Increase in electricity imports and thermal generation increases
electricity prices.

✓ Electricity prices can go down if Kenya decreases thermal generation
and reduce electricity imports by putting in place a policy to
regulate thermal generation and electricity importation.

✓ This study concludes that the energy sector in Kenya is unsecure due
to increasing electricity costs, and influence by external factors such
as global oil prices.

The overall objective of this study was to assess the impact of fast
variables on resilience of electrical energy in view of climate change
and energy security in Kenya.
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❖Global Oil Prices and 
thermal electricity 
generation have a 
significant positive 
correlation

❖Electricity price shows 
significant correlation with 
electricity imports and diversity

❖Empirical 
statistical model 
shows a match 
between the real 
electricity prices 
and  predicted 
prices using data 
from model 
output

1. Carpenter S, Walker B, Anderies J M, Abel N., 2001. From Metaphor 
to Measurement: Resilience of What to What? Ecosystems. 2001; 
4:765-81.

2. GEA, 2012: Global Energy Assessment - Toward a Sustainable Future. 
International Institute for Applied Systems Analysis, Vienna, Austria 
and Cambridge University Press, Cambridge, UK and New York, NY, 
USA.

3. Molyneaux L, Wagner L, Brown C., Foster J., 2016. Measuring 
Resilience in Electricity Generation. An Empirical Analysis
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Economic and Environmental Comparison of a Natural Gas Plant  
and Solar PV Systems for Rural Electrification in Nigeria:

A Case Study of Iyiora Anam
Chibuzo Maduka Nwabue, Prof. Hassan Qudrat-Ullah (PhD)b

b York University,,Canada 
Contact details: chibuzonwabue@yahoo.com

Abstract
This study provides an economic and environmental comparison of a Natural gas (NG) plant and Solar PV systems utilizing a mini-grid system to provide
electricity access to Iyiora Anam, a rural offgrid community in Nigeria. It adopted the heotretical framework of the Levelized Cost of Energy employing data
gotten from literature, survey approach with Off-grid stakeholders; and analysed using HomerPro software. As results, Solar PV has a lower levelized cost but
a higher Capital cost 90% higher than the NG plant that has higher levelized cost of electricity. With emission costs, the NG-powered system’s levelized cost
increased further showing the uncompensated impact of generating electricity with NG. Also, the result of the sensitivity analysis to assess the effects of
some parameters (fuel cost, emission charges and annual average solar irradiance) on the cost of electricity generation on the site shows that fuel price and
cost of electricity generation have a positive relationship. As well, emission charges and the cost of generating electricity exhibited a positive relationship.

Despite all these resources, Electricity access rate in Nigeria have been
all time low with 70% of rural dwellers lacking access to electricity,
despite policies aimed at providing electricity to these off-grid
communities.

▪ The results of the analysis show that Solar PV has a lower levelized
cost but a higher Capital cost 90% higher than the Natural gas plant
which has a lower capital cost but a higher levelized cost of
electricity.

▪ When emission charges were modelled into the Natural gas powered
system, its levelized cost increased further to show the
uncompensated impact generating electricity with Natural gas.

1. British Petroleum (2017). Statistical review of world energy British 
Petroleum Web site: www.bp.com/en/corporate/pdf/energy-
economics/statistical-review-2017/bp-statistical-review-of-world-energy-
2017-full-report.pdf (July 28, 2017)

2. Kapp, K.W., (1975). The Social Costs of Private Enterprise. Schocken Books, 
New York

The main objective of this study is to provide an economic and
environmental assessmentof a mini-grid Natural gas fired plant and
Solar PV systems for electrification in Iyiora Anam Community
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According to British Petroleum (2017), Nigeria has a proven reserve of
186.6 Trillion Cubic Feet (TCF) of natural gas and a proven crude oil
reserve of 37.1 Billion barrels. The country holds a significant deposit of
coal and renewable energy resources like Solar, Wind, Biomass and
Hydro which is capable of delivering enough electricity to Nigerians
when harnessed.

Site identification

Resource Analysis

Electricity demand 
Assessment

Hourly Load profile

Experts consultation

Design components and 
parameters

Populate the model

Results verification

Solar irradiance 
& Wind SpeedGas supplies

LCOE

STUDY AREA

Location: Anambra Wset Local 
Governement Area of Anambra 
State
Population: 829 Households
Area: 1 sq km
Occupation: Farming and 
Commerce
Solar Irradiance: Annual averae of 
4.83 kWh epr sqm

Electricity Load profile

Cost and the Impacts of emission charges on electricity generation in Iyiora Anam

Cost component Solar PV (USD) Natural gas micro 
turbine (USD) 
without emission 
cost

Natural gas micro 
turbine (USD) with 
emission cost

Total Net Present 
cost

3,377,050 4,550,287 4,723,050

Capital cost 2,123,137 214,500 214,500

Operating cost 84,958 237,151 246,600

O&M cost 586,096 1,681,651 1,854,414

Fuel cost 0 1,987,531 1,987,531

LCOE 0.356 0.387 0.402
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Environmental and Economic Cost Analysis of a Solar PV, 
Diesel and Hybrid PV-Diesel Water Pumping Systems for Agricultural 

Irrigation in Rwanda: Case Study of Bugesera District
Jean Baptiste RUTIBABARA, Dr.WojciechBudzianowskib

b Wroclaw University Technology, Poland
Contact details: rutibaptiste@yahoo.fr

Abstract
Rwanda agriculture sector has a significant impact on country’s economy whereby 80% of population depend on agriculture. Many irrigation projects were
proposed with the principal objective of enhancing agricultural production while avoiding dependence on rain-fed agriculture, but the problem of power to
pump water is still a major barrier. Therefore, that’s why several economic analyses have been conducted in this thesis to identify the most cost effective
solution of energy source for irrigation and to evaluate the project profitability toward the country’s vision 2020. The HOMER software results show that
using PVWP systems for agricultural irrigation is the most profitable when compared to the rest two proposed water pumping systems

The food demand in Rwanda is growing dramatically due to the
increasing country population while cultivated land is decreasing.
Presently, electricity shortage in Rwanda is a major barrier to the
national agricultural development because irrigation becomes expensive
due to the lack of power for water pumping systems

• The economic cost analysis showed that Solar PV water pumping systems
are more profitable compared to other two pumping systems.

• A replacement of DWP system by PVWP system results in CO2 emissions
reduction of about 14.48 tonnes. It was also found that large-scale solar
power plants are indirectly CO2 emitters.

• In order to improve and expand irrigation activities, it is necessary to
solve all problems raised by respondents include financial constraints
through the involvement of all agricultural stakeholders

1. Mbonigaba, M. J.J. (2013). Rwanda Agricultural Sector and its Impact on 
Food Security and Economy .

To analyze Environmentally and Economically the Cost of a Solar PV,
Diesel and hybrid PV -Diesel water Pumping Systems for Agricultural
Irrigation in Rwanda using HOMER Software
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The rapid increases of population and climate change will continue to
raise the issue of food security (Bhattarai et al., 2002). Agriculture sector
has a significant impact on Rwanda’s economy whereby 80% of
population depend on agriculture (Mbonigaba, 2013). The irrigation
system increases crops productivity up to 5 times more than the crops
harvested without irrigation’s application (MINAGRI, 2016).
In global, agriculture occupies a big portion of freshwater withdrawals
and energy consumption where about 70% of freshwater and 30% of
energy are utilized in that sector (U.S. Department of Energy, 2014).

COE of PVWP system is lower 
compared to others pumping systems

STUDY AREA

• Bugesera district is one of the thirty 
districts of the Republic Rwanda

• Bugesera climate is dry with 
temperature varying between 20 and 
30°C

• Bugesera district has 3 rivers and
9 lakes.
• Bugesera receives annual average
solar radiation of 5.6 kWh/m2/day.
• The average size of land cultivated
per householder (HH) is 0.59 ha.
• Precipitation: Below 900 mm per year

The NPC of the PVWP system is the 
lowest one

Diesel unit is more 
Pollutant compared

to Hybrid system
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Evaluating the Success of Renewable Energy and Energy Efficiency Policies in Ghana: 
Matching Policy Objectives against Policy Instruments and Outcomes

Margaret Adobea Oduro, Samuel GYAMFIb

bUniversity of Energy and Natural Resource, Sunyani, Ghana 
Contact details: margaretoa@yahoo.com

Abstract
Energy policy is a strategy for tackling issues related to energy. Policies have been developed in Ghana to improve the uptake of renewable energy for
electricity production, ensure efficient use through policy interventions to achieve the objectives set which are yet to be met. A detailed study of the
available literature, scientific reports, structured interviews, questionnaires were conducted for different renewable energy stakeholders across Ghana and a
comparative analysis on Morocco and South African’s renewable energy sectors. The study found out two main issues affecting the renewable energy sector
of Ghana. 1) policy implementation affecting grid and off-grid solar PV generators; and 2) barriers to renewable energy development in Ghana, and
concluded that, policy incentives such as net metering scheme, feed-in-tariff and the renewable energy funds are poorly implemented in Ghana.

To evaluate the success of renewable energy and energy efficiency policies
in Ghana by matching the policy objectives against the policy outcomes.
Specifically,
➢ To review the existing policies on renewable energy and energy efficiency

policies in Ghana;
➢ To evaluate the success of the policies by matching the policy objectives

against the policy outcomes; and
➢ To analyze challenges/barriers faced by energy institutions in the

implementation of renewable energy and energy efficiency policies in
Ghana.

➢As a result of failure on the part of some energy institutions to implement
the renewable energy incentives in the sector.
✓ Energy Commission of Ghana should invest in renewable energies as well.
✓ Government should implement the incentives to attract renewable

energy generators.
✓ A private body should be set up for competitive bidding processors in

Ghana like it is the case of South Africa.

1. Energy Commission of Ghana. (2018). 2018 Outlook of Ghana, (April), 1– 15
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➢Access to energy improves human development (Asumadu-Sarkodie and
Owusu, 2016).
➢Fossil fuel consumption does not necessarily leads to it decrease but

have a impact on the environment (Farhad et al., 2008)
➢Need for alternative renewable energy sources such as wind, solar, hydro
to reduce over dependency on fossil fuel consumption.

Ghana to generate up to 10% of its electricity from renewable energies by
2020; and later to 2030. Although, there are interventions set thus the
policy instruments to achieve the policy objectives, the current renewable
energy % share is less than 1.

Summary Response from the Stakeholders on Policy  
Regulatory Framework in Ghana

Policy implementation instruments
Stakeholders Net

metering
Feed-in-
tariff

RE
Funding

RE 
Purchase 
Obligation 

Lecturers × × × Quantity
unknown

RE Private
Companies

× × × Quantity
unknown

State × ✓ × Small
amount

Individual
PV Users

× × × Not

aware

Comparative Analysis of Ghana, South Africa and 
Moroccan’s Renewable Energy Sectors

Graph representing percentage level of Renewable  
Energy Barriers in Ghana

RE Policies , 
80%

High Cost of 
Storage , 42%

Existence of 
Fossil Fuel 

Energy 
Sources, 21%

Technical & 
Network, 15%

High Initial 
Cost , 53%

Licensing 
Procedure , 

25%

Inadequate Awareness 
Programmes , 25%

Graph representing non-Implementation level of 
Renewable Energy Policy Incentives in Ghana
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RE Policy Implementation Issues 

Ghana South Africa

Very Good Poor Good 

RE Funding None Investment & 
High FiT

Limitations on 
local companies 

through bids 

RE Policy 
Implementation

Heavily 
dependent 
coal users 

MoroccoCountry

RE Implementation 
Level

Implementation 
Indicator

Main 
Implementation 

Barriers 

Research 
Methodology

Renewable Energy 
Policy Comparison 

Stakeholders 
Consultation

Literature Review, 
Review of RE & EE 

Policies in Ghana 

Ministry of 
Energy and Energy 

Commission of Ghana

Individual Solar 
PV Users

Renewable Energy 
Indicators 

Renewable Energy 
Private Institutions

Interviews Questionnaires

SPSS, Visio, 
Spreadsheet for 
Data Analysis

Analysis & 
Outcome

South Africa, 
Morocco & Ghana 

RE sectors
Renewable Energy 

Indicators

=

Note:  ×~ absent; ✓~ present 

Evaluation Of Renewable Energy Policies In Ghana 
Energy
Policies

Targets Achievements Analysis

Renewable 
Energy Act 
2011, Act 
(832)

➢ 10% of power 
generated from 
renewables by 2030 in 
the national energy 
mix

➢ Implementation of RE
policy instruments 

0 % of 
renewables as 

of 2012

➢ Poor implementation of 
RE incentives 

➢ Unfavourable RE 
environment to 
generators 

Sustainable 
Energy for All 
Action Plan 
2012

➢ On and off grid and 
mini-grids 
electrification 
projects

➢ 10% of power 
generated from 
renewables by 2030 
in the national energy 
mix

➢ 2.5 MW 
solar

Accounting 
0.11 % of 

renewables as 
of 2013

➢ Only < 1 % renewables
Achieved after a 9-year 
period of RE polices (2006 
– 2015) 
➢ Policies unattractive to 

some energy 
institutions; 
unfavourable policies to 
generators
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Urban centres are growing at unprecedented rate in developing nations.
This growth is being experienced more in Africa and Asia continents. This is
attributed to high population growth being experienced in those nations
and more people moving to urban centres and the desire for those nations
to industrialize. Urban centres serve as hubs of economic growth as most
activities occur there due to presence of supportive environments such as
ready market for finished goods and labour availability (UN-Habitat, 2012).
These developing countries have abundant and underutilized natural
resources that are backbones of economic growth making them attract
foreign investments across the world. Energy demand on other side is
rapidly increasing as more energy is needed to support urbanization.
Electricity generation though remains to be backbone of industrialization is
regarded as one among the larger contributors of greenhouse gas
emissions associated with climate change.

Investigating Factors Affecting Adoption and Scaling Up of Rooftop Solar 
PV Deployment in Urban Centres: Case Study of Nairobi City

Patrick Kioko Mwanzia, Dr. Obudho Samuel Omondib
bKenya Institute of Curricum of Development, Nairobi, Kenya 

Contact details: kioko.mwanzia@gmail.com
Abstract

Urban centres in developing countries are growing at unprecedented rate. This is attributed to high population growth being experienced in those nations
and more people moving to urban centres and the desire for those nations to industrialize. Energy demand on other side is rapidly increasing as more
energy is needed to support urbanization and industrialization. This study was aimed at investigating factors affecting Adoption and Scaling Up of rooftop
solar PV in urban centres. It explores on the factors affecting the deployment of the solar PV using Nairobi City in Kenya as the case study. The objective of
the study was to establish the reasons why roof mounted Solar PV has not been scaling up in urban centres despite the high energy demand being
experienced so far. The study used mixed research design to explore both qualitative and quantitative characteristics of the target population. It was noted
that high initial costs, lack of qualified technicians, bureaucracy delay in application and approval process and lack of awareness were among the major
challenges affecting adoption and scaling up of rooftop SPV. Most consumers installed rooftop SPV to save on electricity bills.

❖ Kenya is among the nations facing energy crisis as they aim to get
industrialized. Vision 2030 was developed in aim to make Kenya a
Middle Income Economy by 2030

❖ Electricity Access at 56%
❖ Need for Sustainable Energy Sources in Urban Centres to Mitigate

Climate Change Effects

▪ Despite the Challenges facing Rooftop SPV Technology in Kenya, the
technology is playing key Role in Solar PV Deployment in Urban Centres

▪ Huge Investments in the Sector Underway
▪ Climate Change Awareness playing key role
▪ Government Involvement through Legislation Remains Crucial

1. Kenya Vision 2030. (2007). Kenya Vision 2030. Nairobi: GoK
2. Republic of Kenya. (2012). Feed-In-Tariffs policy on wind, biomass, small-

hydro, geothermal, biogas and solar resource generated electricity. Nairobi:  
Ministry of Energy and Petroleum

3. MNRE. (2016). Estimating the rooftop solar potential of greater City of 
Mumbai. MUMBAI

4. ERC. (2015). The Net metering and Power Auction

i. To Establish Major Challenges in Adoption and Scaling up of rooftop
SPV in Urban Centres

ii. To Identify Key Drivers and Opportunities that can be applied in 
Adoption and Scaling Up

iii. To Evaluate Existing Business Models that can be Adopted to Scale Up 
Rooftop SPV Deployment
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Mixed Research 
Method

Qualitative 

Quantitative

Data Collection 
Methods

Documentary 
Review

Administration of 
Questionnaires

Interviews

Field Observation 
and Photography

Data Analysis 

SPSS

Google 
Forms

Key Challenges
• High Initial Costs
• Delays In Application And 

Approval
• Grid Availability Constraints
• Capacity Building Constraints
• Poor Building Structure
• Consumer Awareness 

Constraints

Existing Business Models
❑Self Ownership
❑Third Party Ownership

• Leasing
• PPA

Key Objectives
• Reducing electricity 

Bills
• Environmental 

Concerns
• Others

Policy recommendations
➢ Introduction of net metering
➢ Approval of Multiple Buyer

Model
➢ Consumer Awareness Creation
➢ Capacity Building Programmes
➢ Replacing FiT Policy with

Auction
➢ Shortening Period in Application

and Approval Stage
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• There is no question that rural financial inclusion can expand access
to quality modern energy services for underprivileged people.
Access to the finance can help to counterbalance the high upfront
cost associated with cleaner technologies, such as biogas, micro
hydropower, solar, or liquefied petroleum gas (LPG).

• The rate of diffusion of clean modern energy is very slow in rural
areas hence affecting the private sector and investment climate for
rural energy services and influence the outreach and impact.

• A deeper understanding of the business opportunities for small-
scale lending for energy services, as well as the most effective way
financial institutions can respond to these opportunities will
facilitate access to appropriate financial services and smooths
operations

Key Factors Influencing Access to Finance
for Scaling up Clean Modern Energy in Rural Areas of Rwanda: 

A Case Study of Ngarama Sector
Kelvin Rugira,  Dr. Mbabazi Mbabazize 𝐴𝐴𝑏𝑏

𝑏𝑏 Kigali Management University, Kigali, Rwanda 
rugirakelvin1@gmail.com

Abstract
This study sought to Identify Key factors Influencing Access to Finance for Scaling up Clean Modern Energy in Rural Areas of Rwanda. The
study specifically focused on rural population participation in financial institutions; financial literacy of the rural populations; available
lending schemes in financial institutions to support the scaling up of clean modern energy and relationship between financial inclusions and
local social enterprises

The main challenges which strongly affects rural underserved
communities from acquiring modern energy is inability to raise the
needed finance to be able to purchase the modern energy system in
sustainable manner. The majority of rural community continue to live
without access to affordable, reliable and clean modern energy which
results in a number of consequences to the functioning of the society
and imposes direct threats to the lives in families.

• The study concluded that membership in microfinance to rural 
populations is the crucial step towards drawing closer to the fund

• Financial literacy in rural areas needs to be boosted. The knowledge 
and understanding of services, operations and opportunities that 
are channeled through financial institutions by government and its 
partners 

• The study also concluded that lending schemes in place today have 
got so many obstacles that are not favorable to the rural community 
customers because of their unique life style. With the high level of 
illiterate to the rural population who cannot easily be adjusted from 
their conventional way of doing things,

• Financial inclusions to the local social enterprises has suffered a lot 
because of rigid system which demands a lot of perseverance and 
patience to access the financial support from financial institution. 
Bureaucracy has undermined different programs set by government 
to boost local entrepreneurs.

1. Bhattacharyya, S. C. (2013). Financing energy access and Off-grid Electrification.
Leicester: OASYS SOUTH ASIA Research Project.

1) To assess the influence of microfinance membership in scaling up
access to sustainable clean modern energy in rural areas of Rwanda

2) To examine the influence of financial literacy to the access of finance
for clean modern energy in rural areas of Rwanda.

3) To analyze the available lending schemes to support access to finance
for scaling up sustainable clean modern energy in rural areas of
Rwanda.

4) Evaluate the relationship between rural financial inclusions and local
social enterprises working in modern energy sector.
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• Previous energy transitions were driven by a variety of reasons over the
past 250 years, the dominant fuel in the global energy mix gradually
transitioned from biomass to coal and then to oil, all being carbon-
based fuels. Since the beginning of this century, two major factors have
played a pivotal role in the need to transition yet the global energy
system. The first factor revolves around issues of climate change while
the second factor is the shift of the world’s centre of gravity towards
emerging markets in developing countries.

• With this renewed global focus on the economies of African countries
and the increased awareness for the sustainable use of energy, this
study details how the energy landscape has changed over time and
possible future pathways for the use of energy sustainably.

Modelling the Next Energy Transition 
in Nigeria to Achieve Sustainable Development 

and Mitigate Climate Change
Sunkanmi Abimbola Dairo, Prof. Dr. Hassan Qudrat-Ullaha

a York University, Toronto, Canada 
Contact details: sunkanmi.dairo@gmail.com

Abstract
Projections for future energy demand have time and time again been employed for the planning and sustainable utilization of available energy resources.
The findings of this study provide adequate indications that the household sector will continue to lead all other sectors with regards to total annual energy
demand regardless of the growth rate of the economy within the period under study (2010-2030). To quicken the rate of energy transition in the
household sector to achieve sustainable development, a policy driven energy transition scenario was considered for the household sector. This was done
to explore what the future demand could be if LPG becomes the fuel of choice in the household sector.

Little has been done to explore the role that policies targeted at specific
energy demand sectors will play to help developing countries transition yet
again their energy system to achieve their sustainable development goals.
This study has utilized scenario based modelling to explore what the future
energy landscape in Nigeria could look like in the coming years.

A bottom-up (End-Use) modelling approach was used for this study due to
its in-depth accounting of all sectors, sub-sectors, end-uses and devices
that consume energy.

Below are the equations used in the model;

𝑬𝑬.𝑫𝑫𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰 = 𝑬𝑬.𝑫𝑫𝑴𝑴𝒂𝒂𝑰𝑰𝑰𝑰𝒂𝒂𝒂𝒂𝒂𝒂𝑰𝑰𝑰𝑰𝑰𝑰𝒂𝒂𝑰𝑰𝒂𝒂 + 𝑬𝑬.𝑫𝑫𝑨𝑨𝒂𝒂𝑰𝑰𝒂𝒂𝒂𝒂𝑰𝑰𝒈𝒈𝑰𝑰𝑰𝑰𝑰𝑰𝒈𝒈 +
𝑬𝑬.𝑫𝑫𝑪𝑪𝒐𝒐𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝒂𝒂𝑰𝑰𝒂𝒂𝒐𝒐𝑰𝑰 + 𝑬𝑬.𝑫𝑫𝑴𝑴𝒂𝒂𝑰𝑰𝒂𝒂𝑰𝑰𝒂𝒂

𝑬𝑬.𝑫𝑫𝑻𝑻𝑰𝑰𝒂𝒂𝑰𝑰𝑰𝑰𝑻𝑻𝒐𝒐𝑰𝑰𝑰𝑰 = 𝑬𝑬.𝑫𝑫𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝒂𝒂𝒂𝒂𝒂𝒂𝑰𝑰𝑰𝑰 + 𝑬𝑬.𝑫𝑫𝑰𝑰𝑰𝑰𝑰𝑰𝒈𝒈𝑰𝑰𝒂𝒂𝒂𝒂𝑰𝑰𝑰𝑰 + 𝑬𝑬.𝑫𝑫𝑭𝑭𝑰𝑰𝒈𝒈𝒂𝒂𝒂𝒂𝑭𝑭𝑰𝑰

𝑬𝑬.𝑫𝑫𝑯𝑯𝒐𝒐𝑰𝑰𝑰𝑰𝒈𝒈𝑭𝑭𝒐𝒐𝒈𝒈𝑰𝑰 = 𝑬𝑬.𝑫𝑫𝑺𝑺𝑻𝑻𝒂𝒂𝒂𝒂𝒈𝒈 𝑭𝑭𝒈𝒈𝒂𝒂𝑰𝑰𝒂𝒂𝑰𝑰𝒂𝒂 + 𝑬𝑬.𝑫𝑫𝑪𝑪𝒐𝒐𝒐𝒐𝑪𝑪𝒂𝒂𝑰𝑰𝒂𝒂 &𝑾𝑾𝒂𝒂𝑰𝑰𝒈𝒈𝑰𝑰 𝑭𝑭𝒈𝒈𝒂𝒂𝑰𝑰𝒂𝒂𝑰𝑰𝒂𝒂 +
𝑬𝑬.𝑫𝑫𝑳𝑳𝒂𝒂𝒂𝒂𝑭𝑭𝑰𝑰𝒂𝒂𝑰𝑰𝒂𝒂 + 𝑬𝑬.𝑫𝑫𝑨𝑨𝑻𝑻𝑻𝑻𝒈𝒈𝒂𝒂𝒂𝒂𝑰𝑰𝒂𝒂𝒈𝒈𝑰𝑰

𝑬𝑬.𝑫𝑫𝑺𝑺𝒈𝒈𝑰𝑰𝑺𝑺𝒂𝒂𝒂𝒂𝒈𝒈 = 𝑬𝑬.𝑫𝑫𝑺𝑺𝑻𝑻𝒂𝒂𝒂𝒂𝒈𝒈 𝑭𝑭𝒈𝒈𝒂𝒂𝑰𝑰𝒂𝒂𝑰𝑰𝒂𝒂 + 𝑬𝑬.𝑫𝑫𝑪𝑪𝒐𝒐𝒐𝒐𝑪𝑪𝒂𝒂𝑰𝑰𝒂𝒂 &𝑾𝑾𝒂𝒂𝑰𝑰𝒈𝒈𝑰𝑰 𝑭𝑭𝒈𝒈𝒂𝒂𝑰𝑰𝒂𝒂𝑰𝑰𝒂𝒂 +
𝑬𝑬.𝑫𝑫𝑳𝑳𝒂𝒂𝒂𝒂𝑭𝑭𝑰𝑰𝒂𝒂𝑰𝑰𝒂𝒂 + 𝑬𝑬.𝑫𝑫𝑨𝑨𝑻𝑻𝑻𝑻𝒈𝒈𝒂𝒂𝒂𝒂𝑰𝑰𝒂𝒂𝒈𝒈𝑰𝑰

𝑬𝑬.𝑫𝑫𝑻𝑻𝒐𝒐𝑰𝑰𝒂𝒂𝒈𝒈 = 𝑬𝑬.𝑫𝑫𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰 + 𝑬𝑬.𝑫𝑫𝑻𝑻𝑰𝑰𝒂𝒂𝑰𝑰𝑰𝑰𝑻𝑻𝒐𝒐𝑰𝑰𝑰𝑰 + 𝑬𝑬.𝑫𝑫𝑯𝑯𝒐𝒐𝑰𝑰𝑰𝑰𝒈𝒈𝑭𝑭𝒐𝒐𝒈𝒈𝑰𝑰 + 𝑬𝑬.𝑫𝑫𝑺𝑺𝒈𝒈𝑰𝑰𝑺𝑺𝒂𝒂𝒂𝒂𝒈𝒈

Where;
E.D = Energy Demand 

Figures 1 to 3 shows how the energy demand in Nigeria is expected to
increase in the coming years with respect to different rates of growth of the
Nigerian economy. Figure 4 shows a 4th scenario, the LPG substitution
policy scenario where policy is used to drive the penetration of LPG into
the Nigerian household sector and substitute Fuelwood as the fuel of
choice for cooking and water heating.
To achieve this substitution, both market related considerations
(inadequate supply and distribution infrastructure, insufficient LPG
cylinders and safety) and household related considerations (cost and
education) must be decisively addressed to ensure the smooth transition of
fuel in the household sector.

• Energy transition has rightly been described in this study as the gradual 
rather than sudden change that unfolds overtime that brings about 
more diversity to the energy system. 

• The transition occurring globally will not leave developing countries 
behind, hence the need to have an equitable interpretation of energy 
transition within the context of sustainable development in developing 
African countries.

1. Coelho, S. T., & Goldemberg, J. (2013). Energy access : Lessons learned 
in Brazil and perspectives for replication in other developing countries. 
Energy Policy, (2006), 1–9. 

2. DPR. (2016). 2016 OIL & GAS ANNUAL REPORT. 
3. Kojima, M. (2011). The Role of Liquefied Petroleum Gas in Reducing 

Energy Poverty

To develop and model energy demand scenarios and explore the role
policies have to play to consolidate on the gains already achieve in the
transition of the Nigerian energy sector.
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Figure 1: Energy Demand in the Business-
as-usual scenario. Source: Author

Figure 2: Energy Demand in the Medium 
growth scenario. Source: Author

Figure 3: Energy Demand in the High 
growth scenario. Source: Author

Figure 4: Energy Demand in the LPG 
substitution policy scenario. Source: Author
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The analysis of potential energy future in cities can contribute to the
understanding of possible future global and national energy trends, and
improve the identification of opportunities for renewables energy, energy
efficiency policies, regulations and measures.

Modeling The Future Energy Scenarios 
of Bamako City, Mali

Cédric Nguemlle, Ramchandra Bhandaria
aITT, Cologne, Germany 

Contact details: nguemllecedric@yahoo.fr
Abstract

Bamako city, the largest city and the fastest growing city in Saharan Africa in 2006, is a mirror of the country. The hybrid model (Bottom-up and Top-up) has
been used to project the future energy demand for the key sectors from 2013 to 2033 using LEAP. As inputs of the model, primary data have been
collected through surveys, questionnaires, focus group discussions of the key players and stakeholders in the sector. The results show that, under the BAU
scenario, the total energy demand in 2033 would reach 51 billion Terajoules, where the household and transport sectors would remain the two main
energy consumption sectors, followed by industry, and commercial (formal and informal) sectors. Charcoal and cooking would remain the main fuel and
energy service resp. for Households. Under both EST and EFR scenarios, 439,200 tones of charcoal, 229 GWh of electricity could be saved: about 166
millions USD.

The large cities in such sub Saharan African countries such as Bamako face
problems in proper energy management due to unpredicted urbanization
and improper energy infrastructure and planning. This situation can have a
negative ripple effect on the economic and social growth of the city as well
as the whole country, hence the need to thoroughly scrutinize the
government’s energy expansion plan and provide feasible alternatives.

➢ Data Collection
data collection was carried both primary and secondary.
❖Primary data 
Questionnaires on key sectors:
▪ 373 Households , 225 Commercial businesses  ,9 Industries , and  Focused 

group discussion among stakeholders.

❖Secondary data
▪ Literature review, Annual Bamako city statistics, Directorate of National 

energy.
➢Energy Demand development 
A  result of total activity times energy intensity for each sector and year 
(Ouedraogo, 2017b) is used and expressed as follows:

Where: ED is the energy demand in sector u, TA the total activity in sector u 
EI the energy intensity, s is the scenario and t the time.
Energy intensity will be calculated as a product of energy consumption and 
total activity:

1. Abbaspour et al,. (2013). Energy Demand Model of the Household 
Sector and Its Application in Developing Metropolitan Cities ( Case 
Study : Tehran ), 22(2), 319–329.

The main objective is to predict and understand the long term energy future 
pathway that would response of the Bamako citizen needs and economic 
development on a sustainable manner.
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Photo: Business in City 
Source: author, 2018

This study was aims to have a deeply understanding the energy behavior
for the Bamako citizens and the next 15 years in purpose to help the
decision maker as well in city level as a national level . This dataset has
been used to develop an energy systems model that projects long term
scenarios of energy use.

➢ Policies and Recommendations
▪Develop and adopt an energy master plan for the city,
▪ Promoting and encourage a small scale manufacturing of optima 

Charcoal cooking stoves;
▪Develop and adopt   an energy and energy efficiency master plan for 

each key sector of energy consumption

❖Household sector energy consumption per fuel type

❖Commercial sector

❖Industry sector energy consumption by fuel type

❖ Transport sector

BAU scenario. EFR scenario. ACC scenario. 

Energy consumption - BAU scenario. Energy consumption by fuel types - BAU scenario. 

BAU scenario

Energy consumption - BAU 
scenario

Fuel consumption - sensitivity 
scenarios.

Energy demand by fuel types -
BAU scenario.

- ……………………………………………………………… …(1) 

……………………………………………………………………………………(2) 

Global energy demand is growing continuously
and much of this growth is in cities. Over 4 billion
of the world’s population currently lives in urban
areas. As these urban populations continue to
grow, there will be a significant impact on global
energy demand and the resultant carbon
emissions (Bazilian et al., 2012). Research on
energy systems at a local or regional level allows to
narrow down variations of energy demand, energy
supply, to consider local characteristics and
dynamics factors, as well as local policy and
measures.

ACC scenario



32

Renewable Energy Planning and Regulatory Policy: 
Tools for Sustainable Electricity Generation and Low Carbon 

Development: The Case Of Ghana
Mudasiru Mahama, Nana Sarfo Agyemang Derkyib

b University of Energy and Natural Resources, Ghana
Contact details: mudasiru50@gmail.com

Abstract
This study identified and ranked RE obstacles from most notable to least notable to be addressed to develop Ghana’s RE sector. Desktop analysis of the
literature, survey approach and collected data from RE developers and stakeholders were done; and the Long Range Energy Alternative Planning (LEAP) was
used for modelling GHG emissions from electricity generation in Ghana. The average score to obstacles ranged from 4.13 to 2.52 and the overall average
score was 3.17 indicating that all the selected barriers are key to the development of RE in Ghana. The study shows that, the most challenging obstacles
include cost of financing (high interest rate), lack/insufficient incentives (tax rebate, grants etc), lack/inadequate access to finance and long-term capital,
grid connection constraints and lack of grid capacity. Greenhouse Gas emissions from Business as Usual (BAU) of 72,543.8 Mt-CO2eq will decrease by
11.5%, 57.7% and 80.8% by 2030 if fossil fuels are replaced with 10%, 20%, and 40% RE respectively into the current generation mix.

10% RE mix target in the electricity sector by 2020 is not possible
although there are policies and regulations in place in Ghana. Again,
attention in the literature within the Ghanaian context about how RE can
contribute to the reduction of GHG emission is missing

Research Approach

GHG emission in the Electricity sector of Ghana

Scenario Assumptions
• The average growth rates of Residential, Non-Residential, Special load

tariff and street lighting of 8.31%, 4.27%, 3.17%, 14.25% respectively
from 2006-2016 were used for demand (consumption) projections for
the scenario years.

• Fossil fuels are replaced with Renewable energies by 10%, 20% and
40% of total installed plants using the base year (2016) figure in
different scenarios.

Ghana has RE potentials, the sector is only crippled with some challenges
and these challenges can be eliminated with pragmatic measures and
implementation of already designed policies and regulations in the sector.
RE is not just beneficial for electricity generation but also the ability to
mitigate GHG emissions to ensure sustainable development and building
low carbon economy.

1. Watson, R.T., Zinyowera, M.C., Moss, R.H. and Dokken, D.J. (1997), “The 
Regional Impacts of Climate Change: An Assessment of  vulnerability”, A 
special Report of IPCC.

2. Yadoo, A., and Cruickshank, H., (2012). The role for low carbon 
electrification technologies in poverty reduction and climate change 
strategies: A focus on renewable energy mini-grids with case studies in 
Nepal, Peru and Kenya. Energy Policy 42 (2012) 591–602.

To identify the obstacles in undertaking RE projects in Ghana from the
perspective of investors and stakeholders and to model the amount of
GHG emission that can be reduced by RE supply into the current
electricity mix in the power sector.
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The supply of clean, reliable and affordable sustainable and
environmental friendly energy is a condition for economic, social and
industrial development of a nation and the population’s well-being,
RE sources play major role in achieving electricity access in both
grid-based and decentralized technologies essential for remote rural
areas power generation .

Final Energy Intensity (Demand), TWh

With an introduction of 10%, 20% and 40% renewable to replace fossil-
based fuels under various scenarios, total emissions decreased by 11.5%, 
by 57.7% and 80.8% respectively from the BAU in 2030.
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Kenya has an area of 582,646 km2 of which 571,416km2 is covered by
land while 11,230 km2 is covered by water. Available surface water and
ground water is 1,198 and 305 MCM/year respectively (NWMP, 2030:
Wrma, 2013). Land Use/ Land Cover change is an environmental
problem which impacts ecosystems, agriculture & livelihood thus
affecting the hydrological cycle. These effects further slows socio –
economic growth.

Analysis of the Effects of Land Use / Land Cover on River Flow Regime: 
A Case Study of Mkurumudzi River Sub-catchment

Caroline CHEPTOO , Dr. Ochieng Aggrey Adimoa

a Jomo Kenyatta University of Agriculture & Technology, Nairobi, Kenya
caroline.bett@gmail.com

Abstract
The population in Mkurumudzi catchment rely on river water for their livelihood. There is lack of studies on the effects of land use / land cover on river
flows for sustainable water management. SWAT modelling of watersheds is important in development and management of water resources. This study
involves analysis the river flow discharges based on land use practices in the catchment resulting from human activities. The results obtained indicated
that there was effect of land use change that affected the flows for the periods that were examined. Future prediction shows that there would be changes
of stream flow as compared with the current flows. Therefore, it is important that the area of forest cover be increased to maintain and land degradation
interventions be adopted in order to maintain environmental flows.

The catchment has high number of water abstractors (Katuva, 2012).
Negative human activities impacts on the catchment poses a great
effect to the water resources (Koch et al. 2012). Over the years river
discharge has gradually decreased in the area (Katuva, 2012).
Therefore, there is need to focus on assessment of land use changes in
order to develop strategies to adopt in response to the changed
conditions.

The land use and land cover influences the river flow regime of 
Mkurumudzi River. The major current land use practices in the catchment 
affecting the river flows is agriculture. From this study, changes in the LULC 
clearly shows that changes in forest cover was the major LULC change 
experienced in the catchment. Modelling provided insight into 
understanding future river flow change and helps formulation of 
alternative land based intervention measures in response to the changed 
conditions.

1. Katuva, J. M. (2014) ‘University of nairobi department of environmental 
and biosystems engineering water allocation assessment : a study of 
hydrological simulation on mukurumudzi river basin’.

To assess land use practices and their effects on Mkurumudzi river
flows and formulation of alternative measures to maintain water
supply.
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❖ Forest cover had the largest area in 
1987.

❖ In 1997, grassland occupied the largest 
part.

❖ Currently, the catchment has highest 
shrubs cover

Classified Satellite Images

Description

Percentage (%) change
In Land Use Based on
Preceding Year
1997 2016

Forest -13.86 3.3318

Grassland 7.317 -23.3586

Agriculture 1.431 -5.6439

Shrubs 5.112 25.6707

❖ Increase in deforestation is consistent 
with increase in grassland area that 
provided potential footprint for 
agricultural activities.

Descriptio
n

Year Percentage Change

1987 1997 2016 2030 199
7 2016 2030

Minimum 0 0 0 0 0 0 0

Quantile 1 0.038
5

0.042
9

0.037
5 0.0373 11.4

6
-

12.53 -0.6

Median 0.172
4

0.178
3

0.169
4 0.1691 3.42 -4.99 -0.18

Quantile 3 0.52 0.550
9 0.511 0.5103 5.95 -7.24 -0.14

Maximum 4.772 4.809 4.788 4.788 0.78 -0.44 0

T-test 0.054
3

0.050
9 0.068

❖ Significant changes in stream flows as 
a result of land use change.

❖ Possibility of decreased river discharge 
in 2030 with increased 10 % land 
cover.

Accepted

Accepted

SWAT MODEL

WATERSHED IDENTIFICATION

INPUT DEM

Identify river network
Choose watershed 

output
Analyse value

INPUT
Land use map
Soil map
Slop map

HYDROLOGICAL RESPONSE UNIT 
IDENTIFICATION

WEATHER DATA CREATION

INPUT

Weather station
Precipitation
Temperature

RUN SWAT MODEL

CALIBRATION

VERIFICATION

SIMULATED STREAM 
FLOW

Observed Input
Rejected

Rejected

Present Land Use
Future Land Use

Forest Agriculture Grassland Shrubs

Forest + - - -
Agriculture - + + -
Grassland + + - +
Shrubs + + - -

❖ The + ve means Conversion possible and –ve means conversion not possible

Future Land Use Conversion
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❖ Solid waste management presents a global environmental concern and
landfilling remains the most popular solid disposal method

❖ Mainstream wastewater treatment plants used for most effluents
normally cannot treat landfill leachates to acceptable environmental
standards

Constructed Wetlands for Treatment of Leachates
from a Municipal Landfill in Zimbabwe

Zenzo Sibanda, Prof. Joseph A. Adelegana

aUniversity of Venda, Limpopo, South Africa 
Contact details: zenzo.sibanda@nust.ac.zw

Abstract
Wastewater management presents a great challenge, particularly in Africa where conventional treatment technologies are quite expensive and cannot
be properly operated and maintained. Constructed wetlands have been observed to provide a cost-effective, environmentally friendly, affordable, and
relatively simple solution that is both sustainable and suitable for the African context. The first-order reaction rate equation was used to model
contaminant removal and to design the constructed wetlands for leachates treatment. However, all parameters observed still remained above the
maximum allowable concentrations for safe disposal. Therefore, constructed wetlands alone cannot effectively treat landfill leachates to acceptable
environmental standards. Coupling the CW system with some aerobic technology such as the Sequencing Batch Reactor (SBR) or an anaerobic
technology such as the Anaerobic Filter is highly likely to achieve the required wastewater effluent standards.

Richmond sanitary landfill has no treatment system for the leachate
produced from the solid waste disposal. Several studies at the site have
suggested groundwater pollution due to leachates migrating from the
ponds into the shallow unconfined aquifer directly below the site

• Constructed wetlands were evaluated for treatment of leachates from a
sanitary landfill.

• The designed system performed better than the operated system.
Constructed wetlands alone cannot effectively treat leachates to
required effluent standards.

• Recommended systems to be used in conjunction with constructed
wetlands are the Sequencing Batch Reactor (SBR) or Anaerobic Filter

1. APHA (2015) Standard Methods for the Examination of Water and
Wastewater. 22nd edition. American Public Health Association (APHA),
American Water Works Association (AWWA) and Water Pollution
Control Federation (WPCF), Washington, DC.

2. Crites, R. W., Middlebrooks, E.W., & Reed, C.W. (2006). Natural
Wastewater Treatment Systems, (98), 80320-6.
https://doi.org/10.1016/S0026-0576

1. To characterize the effluent from a municipal landfill in Zimbabwe

2. To design a constructed wetland for the treatment of landfill leachates

in Zimbabwe

3. To construct and operate a pilot constructed wetland for the

treatment of landfill leachates in Zimbabwe

4. To determine the efficiency and effectiveness of the constructed

wetland in the treatment of landfill leachates in Zimbabwe

5. To suggest policy recommendations on the application of constructed

wetland for the treatment of landfill leachates in Zimbabwe
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Parameter Mean Influent ZWS Threshold
T (  18.1 < 25 

pH 8.81 6.0 – 7.5
EC (mS/m) 5450 NS
DO (mg/L) 1.98 < 7
TDS (mg/L) 27780 1000
TSS (mg/L) 5900 25

BOD5 (mg/L) 641.25 30
COD (mg/L) 2524.40 60
PO4 (mg/L) 2.81 0.5
NO3 (mg/L) 85.12 NS
NH3 (mg/L) 34.30 0.5

Cl (mg/L) 17919 250
FC 16 1000

Cr (mg/L) 0.47 0.05
Cd (mg/L) 0.12 0.01

Table 1: Characterization of Richmond Landfill 
Leachates

Table 2: Design Specifications for 
Constructed Wetlands

• Surface Area = 2000 m2 (L:W = 100:20)
• Hydraulic Retention Time = 6 days
• Hydraulic Loading Rate = 3 cm/day

• Surface Area = 1280 m2 (L:W = 80:16)
• Hydraulic Retention Time = 5 days
• Hydraulic Loading Rate = 5 cm/day

• Surface Area = 2200 m2 (L:W = 100:22)
• Hydraulic Retention Time = 6 days
• Hydraulic Loading Rate = 4 cm/day

Horizontal Subsurface Flow Constructed Wetland

Vertical Subsurface Flow Constructed Wetland

Free Surface Flow Constructed Wetland

Figure 1: Construction of Hybrid Constructed 
Wetlands

Table 3: Efficiency of Hybrid Constructed 
WetlandParameter Mean Influent Effluent Removal 

(%)
TSS (mg/L) 5900 108 98.2

NO3 (mg/L) 85.12 2.11 97.5

COD (mg/L) 2524.40 431.2 82.9

BOD5 (mg/L) 641.25 197 69.3

FC (cfu/100ml) 16 5 68.8

TH (mg of CaCo3) 1313 659 49.8

PO4 (mg/L) 2.81 1.66 40.9

NH3 (mg/L) 34.30 22.96 33.1

Cd (mg/L) 0.12 0.083 28.0

Cr (mg/L) 0.47 0.372 20.3

TDS (mg/L) 27780 24000 13.6

Cl (mg/L) 17919 15600 12.9

EC (mS/m) 5450 4420 2.1

DO (mg/L) 1.98 4.70 -137.4
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Historically, there are 12 drought events recorded in Burkina Faso between

1900 and 2013 (Masih, Maskey, Mussá, & Trambauer, 2014). These events

impacted negatively on agricultural production but the severity has not

been accurately quantified. These historical events can be used to inform

policy makers and thus mitigate drought impacts in the future.

Drought Analysis for Water Planning in Agriculture: 
A Case Study of Gourma Province, Eastern Burkina Faso

Julius O. Omondi, Dr. Amadou Keïtaa

aInternational Institute for Water and Environmental Engineering (2iE), Ouagadougou, Burkina Faso 
Contact details: juliusomondi14@gmail.com

Abstract
Due to the planning challenges posed by occurrence of drought events to the stakeholders in the Agricultural sector, this master thesis research uses the
effective reconnaissance drought index (eRDI) and Pearl millet yield gaps (Yg) to establish the impact of drought in Agriculture. A farmer in Gourma losses
up to 775Kg/Ha of grain which translates to 676$/Ha of Pearl millet. This thesis further proposes “Le Guardien de l'espoir” Insurance regime as a drought
impact mitigation strategy.

Drought is a naturally occurring event that human beings grapple with the

question of how to mitigate its impacts. Certainly, Agriculture is one of the

biggest casualties of drought events but the extent to which the sector is

affected is imperceptible.

✓ Between 1979 & 2014, there were 3 drought events in Gourma spread 
over 9 years.

✓ Pear millet farmers lose an average of 775Kg/Ha due to drought and this 
results in economic losses of up to 676$/Ha.

✓ Insurance was found to be a suitable long term drought impact mitigation 
measure.

1. Tigkas, D., Vangelis, H., & Tsakiris, G. (2015). DrinC: a software for drought 
analysis based on drought indices. Earth Science Informatics, 8(3), 697–
709. https://doi.org/10.1007/s12145-014-0178-y

2. Svoboda, M., & Fuchs, B. (2017). Handbook of Drought Indicators and 
Indices*. Geneva: World Meteorological Organization and Global Water 
Partnership. https://doi.org/10.1201/9781315265551-12

Main Objective
Analysis of Drought for water planning in Agriculture in Gourma province
of Burkina Faso.
Specific Objectives
1. Characterization of the drought in Gourma Province of Burkina Faso.
2. Demonstrate the implication of the occurrence of drought on

agriculture

3. Critically analyze and identify options to mitigate a drought event

4. Make scientific and policy recommendations for the case of Gourma

province.
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-1983 & 2008 events were least severe
-1999 to 2005 event has highest intensity and longest duration

R2=0.706266
𝑌𝑌𝑌𝑌𝑌𝑌 = 0.46 + (0.63 × 0.55𝑀𝑀𝑀𝑀𝑀𝑀)

Short-term actions Long-term actions

Supply 
increase

Over-exploitation of 
aquifers

Mulching using crop residues, will enhance 
the organic matter content also besides 

reducing the evaporation

Demand 
reduction

Restriction of the irrigation 
of some crops
(e.g. annual)

Economic incentives for private investments 
in water conservation

Impact 
minimization

Temporary reallocation of 
water resources (on the 

basis of assigned use 
priority)

Mitigation of economic and social impacts 
through voluntary insurance, pricing and 

economic incentives
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With a length of 4,200 km, the Niger River is the third-longest river in
Africa. Over the past years, several flooding events have affected the
population living along the Niger River. An understanding of the
characteristics of the risk will help in effectively managing the flood risk
and thus reduce the damage caused by the hazard on the people and their
properties. Malanville, a northeastern district of Benin Republic, is one of
the areas located along the Niger River, which suffers the impact of its
overflow each year. A sound flood risk management plan is needed in the
region and must be supported by an accurate assessment of the flood risk.
Risk is defined as the product of the flood hazard (probability and
magnitude) and the vulnerability (Klijn et al., 2009).

Flood Risk Assessment in the Niger River Basin 
in Support of the Conception of a Flood Risk Management 

Plan: Case study of the District of Malanville, Benin
Freddy Houndekindo, Dr Erik Mosselmana

aDelft University of Technology, Delft, Netherland  
Contact details: freddykindo@gmail.com

Abstract
This thesis was carried out to evaluate the flood risk in the district of Malanville located along the Niger River. The knowledge produce by this study is
useful in the implementation of adaptation and/or mitigation measures to alleviate the impact of the flooding on the populations, the economy and the
environment. From the analysis it was found that The townships of Malanville most at risk of flooding are Momkassa and Galiel, located in a high-risk and
very high-risk zone, respectively.

This research will be guided by the following questions:
• What is the exposure of the communities at risk to different flood

scenarios (low, medium, high)?
• How vulnerable the communities are to the different floods scenario?
• What type of measure (structural and non-structural) would work best to

alleviate the flood risk in the study area?

The methodology adopted in this study is comprised of four main tasks:
This thesis was carried out to assess the flood risk in the district of 
Malanville located along the Niger River. In order to analyze the flood 
hazard a hydrodynamic model (HEC-RAS) was set up for the study area and 
different flood scenarios were simulated. As for the vulnerability, each of 
its components were analyzed by using an indicator-based approach. 
The results from the flood hazard assessment and the vulnerability analysis 
were combined to produce a flood risk map of the study area. 

1. Aich, V. et al. (2016) ‘Time series analysis of floods across the Niger 
River Basin’, Water (Switzerland), 8(4). doi: 10.3390/w8040165.

2. Dewan, A. (2013) Floods in a Megacity: Geospatial Techniques in 
Assessing Hazards, Risk and Vulnerability. doi: 10.1007/978-94-007-
5875-9.

3. Eleuterio, J. (2012) ‘Flood risk analysis : impact of uncertainty in hazard 
modelling and vulnerability assessments’, p. 243pp.

4. Kaplan, S. et al. (1981) ‘On The Quantitative Definition of Risk’, Risk 
Analysis, 1(1), pp. 11–27. doi: 10.1111/j.1539-6924.1981.tb01350.x.

The overall objective of this thesis is to assess the flood risk in the district
of Malanville located in the Niger River basin using remotely sensed data,
GIS and hydraulic modeling.
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4) Flood 
risk 

mapping 
and analysis 

1) Data 
preparation 
and model 

setup

2) 
Hydrodynamic 

modelling

3) 
Vulnerability 
assessment

Township/Flood

scenario 10yrs 20yrs 50yrs 80yrs 100yrs

MOMKASSA High risk High risk High risk High risk High risk

BODJECALI Very low risk Very low risk Very low risk Very low risk Very low risk

GALIEL Very High risk Very High risk Very High risk Very High risk Very High risk

KOKI Very low risk Very low risk Very low risk Very low risk Very low risk

TASSI TEDJI Very low risk Very low risk Very low risk Very low risk Very low risk

TASSI ZENON Very low risk Very low risk Very low risk Very low risk Very low risk

WOLLO Very low risk Very low risk Very low risk Very low risk Very low risk

Risk Hazard Vulnerability

From the result of the hydrodynamic 
modelling it was found that 
between 47% and 50% of the study 
area will be flooded during the 
different flood scenarios (10 yrs, 20 
yrs, 50 yrs, 80 yrs, and 100 yrs) 
simulated. 

The flood risk assessment revealed 
that in every flood scenario studied, 
the townships of Momkassa and 
Galiel are located in a high-risk zone 
and in a very high-risk zone of 
flooding, respectively. 
This is related to their high 
vulnerability and their exposure to 
high water level during the flooding. 

FLOOD RISK MAP

FLOOD HAZARD MAP
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Groundwater accounts for about 30% of Earth’s total fresh water. It is the
primary source of water for over 1.5 billion people worldwide.
Groundwater is an essential key parameter to achieving SDG 1 & 6 in Sub-
Saharan Africa. The primary source of water for Domestic, Industrial and
Agricultural purposes Atankwidi Region is Groundwater. Source: C.P Kumar.,
2015; Braune E et al., 2010; Martin N., 2005

Impact of Climate Change on Groundwater Resources of the 
Atankwidi Basin in Ghana, West Africa

Albert Elikplim Agbenorhevi, Dr. Emmanuel Obuobiea

aCouncil of Scientific and Industrial Research-Water Research Institute, Accra, Ghana
aelikplimalbert@gmail.com, albert.agbenorhevi@student.pauwes.dz

Abstract
The Atankwidi basin is a sub-basin of the Volta River basin with the highest boreholes per km2. Groundwater is the primary source of water for the basin
dwellers. The study utilized a modelling approach to assess the impacts of climate change and future abstraction scenarios on the groundwater resources
of the Atankwidi basin. Three future scenarios were analyzed. Based on projections of temperature and rainfall analyzed over the Atankwidi area, the basin
is going to be likely to be warmer (5.2 °C to 6.5 °C) and slightly wetter (-0.53 % to +7.7 %). The recharge in the basin experienced a decrease by 6.2% under
RCP 4.5 (2051-2081) relative to (1986-2010) but will increase slightly above the baseline to about 7.3%. Water demand in the basin is estimated to
increase by 76.5%.

Crystalline rocks aquifers; presents discrete aquifers in a form pocket of
reservoir with no connections thus less quantity in each reservoir.
Change in climate in West Africa Temp: 1-6.5 °C, rainfall: -30 to +30%.
Growing population; leading to increase in water demand.
Key question: Will groundwater be resilience and able to satisfy the future
water demand considering changing climate and limitation of aquifers?

To contribute to the sustainable development and management of
groundwater resource of the Atankwidi basin by quantifying the impacts
of climate change and scenarios of future demands on the resource.
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Temperature (°C) RCP 4.5                RCP 8.5

Range 5.0-5.2 6.3-6.7
Ensemble Mean 5.4 6.5

Rainfall (%) RCP4.5 RCP8.5

Ensemble Mean -0.53% 7.7%

Baseline Future Water Demand 
(FWD)

% of 
FWD

Population 45841 99007
m3 m3

Domestic 

Demand

536,339.7 6,857,056.67 39.5

Industrial 

Demand

268,169.8

5

3,428,528.33 19.8

Irrigation 

Demand

3,272,472 7,067,857 40.7

Total Water 

Demand

4,083,858 17,353,442

Model Scenario 1 Recharge Projection (m3/d)
Baseline RCP 4.5 RCP 8.5 

Recharge
Total-Water Available

26,206.19
241,139.62

24,459.11
240,264.73

27,953.27
242,463.67

Model Scenario 2 Demand Projection (m3/d)

Demand
Baseline (2012)

8,207
Future (2080)

26,579.38
Model Scenario 3 Dynamism between Model scenario 1 & 2 (m3/d)

RCP 4.5+Demand RCP 8.5+ Demand
Demand (wells)
Recharge
Total-Water Available

26,579.38
24,456.61
252,074.15

26,579.38
27,950.41
254,229.4

Climate change projections

Atankwidi Future demand (2080) Spatial impact of scenario 1 (changes in 
recharge only)

Spatial impact of scenario 3 (recharge + future 
demand)Scenario Analysis 

Scenario 1; (Recharge only): considered changes in recharge between
2010 and 2080 while water demands remain unchanged;
Scenario 2; (Demands only): considered changes in water demands but
keeping recharge largely the same or insignificant change;
Scenario 3; (Demands plus Recharge): considered changes in recharge
coupled with future water demands.

❖A tributary of the White
Volta River.
❖Location lat. 12°30’N and

10°48’N & long. 0°49’W and
1°2’W
❖Drainage Area: 286 km2

❖Population:102 pers/ km2

❖Basin is in an area with the
highest boreholes per km2

in the Volta basin.

❖Base on projections of temperature and rainfall analyzed over the 
Atankwidi area, the basin is going to be likely warmer (5.2 °C to 6.5 °C) 
and slightly wetter (-0.53 % to +7.7 %).

❖The recharge in the basin experienced a decrease by 6.2% under RCP 4.5 
(2051-2081) relative to (1986-2010) but will increase slightly above the 
baseline to a region of 7.3%.

❖Water demand in the basin is estimated to increase by 76.5% relative to 
the baseline as 40.7% of the demand coming from the agricultural 
sector, 39.5% from domestic demand and 19.8% from industrial.

❖Scenario 1 showed an up rise of water table by 1747.08m3/d under RCP 
8.5 but a slightly decrease by RCP 4.5. 

❖Scenario 2 impact on the basin resulted in a stress on the water table
leading to more drilling of boreholes due to 76.5% increase in demand.
❖Scenario 3 showed a significant impact of drawdown of the water table

1. Martin, N. (2006). Ecology and Development Series No . 41, (41)
2. Obuobie, E., Logah, F.Y., Asante-Sasu, C. and Osei-Owusu, M. 2017.

Analysis of Historical Climate Trends and Future Climate Change
Projections for the White Volta, Black Volta and Oti River Basins. Accra,
Ghana: CSIR-Water Research Institute (CSIR-WRI), 101p. CSIR-WRI
Technical report. CSIR/WRI/TR/EO/2017/2

Projected Future Recharge
from SWAT Model
1.2 GCM, 1 RCM, 2 RCPs (4.5 & 8.5)
2.Precipitation & Temperature

Estimated Future Water 
Demands;
1.Domestic & Industrial Demand
2.Irrigated Water Demand

GMS-MODFLOW 10.3
(Calibrated & Validated)
1.Simulated water level

2.Flow budget
3.Flow path

4.Residual Error

1. Climate change 
projections

2. Future recharge  
(2080)
✓ RCP 4.5 & 8.5

Scenarios Impact
1.Recharge only

2.Future Demand only
3.Recharge + Demand

Management Measures 
1. Recommendation

• Population growth rate of
1.1%.

• between 2010 and 2080;
• An increase in per capita

water consumption to 50
l/c/d and 110 l/c/d for the
60% rural and 40% urban
population, respectively;

• A doubling of the cropping
intensity for irrigation.

• Livestock demand was
exempted due to
unavailability of headcount
data of livestock available
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• Floods are among the most harmful of natural hazards which are likely
to be more frequent, dominant and serious in the future. Due to
increase of population , rainfall characteristics and catchment
characteristics.

• In Rwanda , Flood started since 1960 with The occurrence starting to
increase significantly since 2000, having impacts on people,
environment and on human activities.

• Nyabugogo river is being flooded every year causing loss of people and
properties; transport interruption and pollution of river water

Implementation of Hydrological and Hydraulic Models 
to Forecast River Flood Risks and Proposition of Management Measures: 

Case Study of Nyabugogo River Basin in Rwanda
Gisele Icyimpaye , Dr .Chérifa Abdelbaki a

aAbou Bakr Belkaid University of Tlemcen, Tlemcen ,Algeria  
Contact details: icyimpaye992@gmail.com

Abstract
The aim of this study was to forecast Nyabugogo river flood risk and propose mitigation measures to reduce flood impacts by using HEC-HMS integrated
with HEC-GEOHMS and HEC-RAS integrated with HEC-GEORAS. The results of hydrological modelling showed the peak discharges of 515.7; 680.2; 761.5
and 875.5 m3/sec for 10,30,50 and 100 return period years respectively and the results of hydraulic modelling demonstrated that flood inundation area
increased slightly from the lower event to the high event modelled with 423.35; 426.11; 428.08 and 430.60 ha for 10,30,50 and 100 return period year
respectively; and also water depth increased slightly as the return period increase where the high water depth was 3.24 m obtained for 100 year return
period.

1. What are the geospatial datasets relevant to generate flood? 
2. What are hydrological datasets which are relevant to generate flood? 
3. What are the model needed to simulate hydrological data and river flow? 
4. What are the causes, effects of the previous flood events in the 

catchment?
5. What are available or existing the mitigation measures of flood in the 

catchment?

1. Extreme frequency rainfall events : Gumbel’ extreme value distribution method.

2. Hydrological modelling using HEC-HMS (4.2.01) model together with GIS and its

extension ARC-hydro and HEC-GEOHMS.

3.Hydraulic modelling using HEC-RAS MODEL together with HEC-GEORAS

HEC-HMS and HEC-RAS models combined with GIS extension 
demonstrated: 
• Expected floodplain area;
• Expected flood depth; and
• Expected  vulnerable land use types.
Both engineering and non engineering mitigation measures can be applied.
Cost benefit analysis need to be considered before implementation any 
flood mitigation measure

1. Feldman D. A.  (2000). Hydrological Modelling System Technical 
Reference Manual.

2. Machtar, A. (2010). Using geographical informal system to estimate 
vulnerable settlement for flood hazard and risk assessment. Malaysia: 
University of Malaysia Kelantan. Available on: 
http://umkeprints.umk.edu.my/26.1/conference paper6 pdf.

3. Pistocchi, A. and Mazzoli, P. (2002). Use of HEC-RAS and HEC-HMS 
models with ArcView for hydrologic risk management.

The main objective was to forecast Nyabugogo River flood risks and
proposing different management measures which can reduce flood effects.
Specific objectives :
1.To investigate the causes and impacts of flood in the catchment. 
2.To identify the existing flood management measures. 
3.To Describe the geospatial data characteristics of the catchment that are 

relevant to flood generation. 
4.To generate inundation maps and water depths for different return 

period.
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Return period 
year

Peak  discharge
(m3/sec)

10 515.7
30 680.2
50 761.5
100 875.8

Return period 
year

flood delineation 
area 

10 423.3490
30 426.1120
50 428.0810
100 430.6040

Return period  year Flood Depth (m) % Coverage area of 
the total area 

10 0.612- 0.957 33.522
30 0.698 -1.092 33.519
50 0.736-1.152 33.431
100 0.787-1.231 33.442 

BACKGROUND/CONTEXT

100 year return period
hydrograph at the outlet

Flood delineation area for 
each event

Peak discharge for each 
event

Flood delineation polygon map for 100 
year return period

Big area covered with its depth for each event

The high water depth of 3.2 was observed for 100 year  return period.
Some proposed mitigation measures included: 
• Flood proofing measures, 
• Construction of storage reservoir at the upstream the reach, 
• Relocation of infrastructures within the flood delineation area, 
• Buffer zoning around  river,    
• Rainwater Harvesting Strategies and Raising public awareness of flood risksRaw DEM and terrain 

analysis

catchment delineation

Basin land cover
basin soil. Basin CN grid

Generate HMS 
Basin Model 

Calibrate the 
model using rainfall 

and streamflow 
time series data 

with NE AS  
objective function.

Introduce frequency 
rainfall depth for 

10,30,50,100 year return 
period to get runoff 

volume for each event.

Terrain pre-processing  in HEC-
GEORAS to digitize stream 

centerline, bank line, flow path 
cross section to obtain geometric 

file of the river .

Import geometric file to HEC-RAS 
and perform hydraulic modelling 
with obtained runoff volume to 
obtain water surface elevation

and other hydraulic parameters.

Import HEC-RAS results into 
HEC-GEORAS for post –

processing to obtain flood 
delineation area and flood 

stage for each event .

Analyse the results.(obtained flood
delineation area and flood depth)
and propose flood mitigation
measures.



40

Groundwater accounts for about 30% of Earth’s total fresh water. It is the
primary source of water for over 1.5 billion people worldwide.
Groundwater is an essential key parameter to achieving SDG 1 & 6 in Sub-
Saharan Africa. The primary source of water for Domestic, Industrial and
Agricultural purposes Atankwidi Region is Groundwater. Source: C.P Kumar.,
2015; Braune E et al., 2010; Martin N., 2005

Impact of Climate Change on Groundwater Resources of the 
Atankwidi Basin in Ghana, West Africa

Albert Elikplim Agbenorhevi, Dr. Emmanuel Obuobiea

aCouncil of Scientific and Industrial Research-Water Research Institute, Accra, Ghana
aelikplimalbert@gmail.com, albert.agbenorhevi@student.pauwes.dz

Abstract
The Atankwidi basin is a sub-basin of the Volta River basin with the highest boreholes per km2. Groundwater is the primary source of water for the basin
dwellers. The study utilized a modelling approach to assess the impacts of climate change and future abstraction scenarios on the groundwater resources
of the Atankwidi basin. Three future scenarios were analyzed. Based on projections of temperature and rainfall analyzed over the Atankwidi area, the basin
is going to be likely to be warmer (5.2 °C to 6.5 °C) and slightly wetter (-0.53 % to +7.7 %). The recharge in the basin experienced a decrease by 6.2% under
RCP 4.5 (2051-2081) relative to (1986-2010) but will increase slightly above the baseline to about 7.3%. Water demand in the basin is estimated to
increase by 76.5%.

Crystalline rocks aquifers; presents discrete aquifers in a form pocket of
reservoir with no connections thus less quantity in each reservoir.
Change in climate in West Africa Temp: 1-6.5 °C, rainfall: -30 to +30%.
Growing population; leading to increase in water demand.
Key question: Will groundwater be resilience and able to satisfy the future
water demand considering changing climate and limitation of aquifers?

To contribute to the sustainable development and management of
groundwater resource of the Atankwidi basin by quantifying the impacts
of climate change and scenarios of future demands on the resource.
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Temperature (°C) RCP 4.5                RCP 8.5

Range 5.0-5.2 6.3-6.7
Ensemble Mean 5.4 6.5

Rainfall (%) RCP4.5 RCP8.5

Ensemble Mean -0.53% 7.7%

Baseline Future Water Demand 
(FWD)

% of 
FWD

Population 45841 99007
m3 m3

Domestic 

Demand

536,339.7 6,857,056.67 39.5

Industrial 

Demand

268,169.8

5

3,428,528.33 19.8

Irrigation 

Demand

3,272,472 7,067,857 40.7

Total Water 

Demand

4,083,858 17,353,442

Model Scenario 1 Recharge Projection (m3/d)
Baseline RCP 4.5 RCP 8.5 

Recharge
Total-Water Available

26,206.19
241,139.62

24,459.11
240,264.73

27,953.27
242,463.67

Model Scenario 2 Demand Projection (m3/d)

Demand
Baseline (2012)

8,207
Future (2080)

26,579.38
Model Scenario 3 Dynamism between Model scenario 1 & 2 (m3/d)

RCP 4.5+Demand RCP 8.5+ Demand
Demand (wells)
Recharge
Total-Water Available

26,579.38
24,456.61
252,074.15

26,579.38
27,950.41
254,229.4

Climate change projections

Atankwidi Future demand (2080) Spatial impact of scenario 1 (changes in 
recharge only)

Spatial impact of scenario 3 (recharge + future 
demand)Scenario Analysis 

Scenario 1; (Recharge only): considered changes in recharge between
2010 and 2080 while water demands remain unchanged;
Scenario 2; (Demands only): considered changes in water demands but
keeping recharge largely the same or insignificant change;
Scenario 3; (Demands plus Recharge): considered changes in recharge
coupled with future water demands.

❖A tributary of the White
Volta River.
❖Location lat. 12°30’N and

10°48’N & long. 0°49’W and
1°2’W
❖Drainage Area: 286 km2

❖Population:102 pers/ km2

❖Basin is in an area with the
highest boreholes per km2

in the Volta basin.

❖Base on projections of temperature and rainfall analyzed over the 
Atankwidi area, the basin is going to be likely warmer (5.2 °C to 6.5 °C) 
and slightly wetter (-0.53 % to +7.7 %).

❖The recharge in the basin experienced a decrease by 6.2% under RCP 4.5 
(2051-2081) relative to (1986-2010) but will increase slightly above the 
baseline to a region of 7.3%.

❖Water demand in the basin is estimated to increase by 76.5% relative to 
the baseline as 40.7% of the demand coming from the agricultural 
sector, 39.5% from domestic demand and 19.8% from industrial.

❖Scenario 1 showed an up rise of water table by 1747.08m3/d under RCP 
8.5 but a slightly decrease by RCP 4.5. 

❖Scenario 2 impact on the basin resulted in a stress on the water table
leading to more drilling of boreholes due to 76.5% increase in demand.
❖Scenario 3 showed a significant impact of drawdown of the water table

1. Martin, N. (2006). Ecology and Development Series No . 41, (41)
2. Obuobie, E., Logah, F.Y., Asante-Sasu, C. and Osei-Owusu, M. 2017.

Analysis of Historical Climate Trends and Future Climate Change
Projections for the White Volta, Black Volta and Oti River Basins. Accra,
Ghana: CSIR-Water Research Institute (CSIR-WRI), 101p. CSIR-WRI
Technical report. CSIR/WRI/TR/EO/2017/2

Projected Future Recharge
from SWAT Model
1.2 GCM, 1 RCM, 2 RCPs (4.5 & 8.5)
2.Precipitation & Temperature

Estimated Future Water 
Demands;
1.Domestic & Industrial Demand
2.Irrigated Water Demand

GMS-MODFLOW 10.3
(Calibrated & Validated)
1.Simulated water level

2.Flow budget
3.Flow path

4.Residual Error

1. Climate change 
projections

2. Future recharge  
(2080)
✓ RCP 4.5 & 8.5

Scenarios Impact
1.Recharge only

2.Future Demand only
3.Recharge + Demand

Management Measures 
1. Recommendation

• Population growth rate of
1.1%.

• between 2010 and 2080;
• An increase in per capita

water consumption to 50
l/c/d and 110 l/c/d for the
60% rural and 40% urban
population, respectively;

• A doubling of the cropping
intensity for irrigation.

• Livestock demand was
exempted due to
unavailability of headcount
data of livestock available
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• Floods are among the most harmful of natural hazards which are likely
to be more frequent, dominant and serious in the future. Due to
increase of population , rainfall characteristics and catchment
characteristics.

• In Rwanda , Flood started since 1960 with The occurrence starting to
increase significantly since 2000, having impacts on people,
environment and on human activities.

• Nyabugogo river is being flooded every year causing loss of people and
properties; transport interruption and pollution of river water

Implementation of Hydrological and Hydraulic Models 
to Forecast River Flood Risks and Proposition of Management Measures: 

Case Study of Nyabugogo River Basin in Rwanda
Gisele Icyimpaye , Dr .Chérifa Abdelbaki a

aAbou Bakr Belkaid University of Tlemcen, Tlemcen ,Algeria  
Contact details: icyimpaye992@gmail.com

Abstract
The aim of this study was to forecast Nyabugogo river flood risk and propose mitigation measures to reduce flood impacts by using HEC-HMS integrated
with HEC-GEOHMS and HEC-RAS integrated with HEC-GEORAS. The results of hydrological modelling showed the peak discharges of 515.7; 680.2; 761.5
and 875.5 m3/sec for 10,30,50 and 100 return period years respectively and the results of hydraulic modelling demonstrated that flood inundation area
increased slightly from the lower event to the high event modelled with 423.35; 426.11; 428.08 and 430.60 ha for 10,30,50 and 100 return period year
respectively; and also water depth increased slightly as the return period increase where the high water depth was 3.24 m obtained for 100 year return
period.

1. What are the geospatial datasets relevant to generate flood? 
2. What are hydrological datasets which are relevant to generate flood? 
3. What are the model needed to simulate hydrological data and river flow? 
4. What are the causes, effects of the previous flood events in the 

catchment?
5. What are available or existing the mitigation measures of flood in the 

catchment?

1. Extreme frequency rainfall events : Gumbel’ extreme value distribution method.

2. Hydrological modelling using HEC-HMS (4.2.01) model together with GIS and its

extension ARC-hydro and HEC-GEOHMS.

3.Hydraulic modelling using HEC-RAS MODEL together with HEC-GEORAS

HEC-HMS and HEC-RAS models combined with GIS extension 
demonstrated: 
• Expected floodplain area;
• Expected flood depth; and
• Expected  vulnerable land use types.
Both engineering and non engineering mitigation measures can be applied.
Cost benefit analysis need to be considered before implementation any 
flood mitigation measure

1. Feldman D. A.  (2000). Hydrological Modelling System Technical 
Reference Manual.

2. Machtar, A. (2010). Using geographical informal system to estimate 
vulnerable settlement for flood hazard and risk assessment. Malaysia: 
University of Malaysia Kelantan. Available on: 
http://umkeprints.umk.edu.my/26.1/conference paper6 pdf.

3. Pistocchi, A. and Mazzoli, P. (2002). Use of HEC-RAS and HEC-HMS 
models with ArcView for hydrologic risk management.

The main objective was to forecast Nyabugogo River flood risks and
proposing different management measures which can reduce flood effects.
Specific objectives :
1.To investigate the causes and impacts of flood in the catchment. 
2.To identify the existing flood management measures. 
3.To Describe the geospatial data characteristics of the catchment that are 

relevant to flood generation. 
4.To generate inundation maps and water depths for different return 

period.

OBJECTIVES

METHODOLOGY

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES

PROBLEM STATEMENT/RESEARCH QUESTION

Return period 
year

Peak  discharge
(m3/sec)

10 515.7
30 680.2
50 761.5
100 875.8

Return period 
year

flood delineation 
area 

10 423.3490
30 426.1120
50 428.0810
100 430.6040

Return period  year Flood Depth (m) % Coverage area of 
the total area 

10 0.612- 0.957 33.522
30 0.698 -1.092 33.519
50 0.736-1.152 33.431
100 0.787-1.231 33.442 

BACKGROUND/CONTEXT

100 year return period
hydrograph at the outlet

Flood delineation area for 
each event

Peak discharge for each 
event

Flood delineation polygon map for 100 
year return period

Big area covered with its depth for each event

The high water depth of 3.2 was observed for 100 year  return period.
Some proposed mitigation measures included: 
• Flood proofing measures, 
• Construction of storage reservoir at the upstream the reach, 
• Relocation of infrastructures within the flood delineation area, 
• Buffer zoning around  river,    
• Rainwater Harvesting Strategies and Raising public awareness of flood risksRaw DEM and terrain 

analysis

catchment delineation

Basin land cover
basin soil. Basin CN grid

Generate HMS 
Basin Model 

Calibrate the 
model using rainfall 

and streamflow 
time series data 

with NE AS  
objective function.

Introduce frequency 
rainfall depth for 

10,30,50,100 year return 
period to get runoff 

volume for each event.

Terrain pre-processing  in HEC-
GEORAS to digitize stream 

centerline, bank line, flow path 
cross section to obtain geometric 

file of the river .

Import geometric file to HEC-RAS 
and perform hydraulic modelling 
with obtained runoff volume to 
obtain water surface elevation

and other hydraulic parameters.

Import HEC-RAS results into 
HEC-GEORAS for post –

processing to obtain flood 
delineation area and flood 

stage for each event .

Analyse the results.(obtained flood
delineation area and flood depth)
and propose flood mitigation
measures.
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▪ Changes in land use usually affect stormwater runoff flow characteristics
as the extent of impervious surfaces increases.

▪ In rapidly urbanizing catchments, increase in stormwater runoff quantity
may lead to numerous of serious problems such as flash floods, soil
erosion and alteration of an ecosystem.

▪ Dar es Salaam with a population of 4,4 million in 2012 (NBS, 2013) has
become the fastest urbanized city in Africa (AfDB, 2014).

▪ In this study, the ArcGIS, HEC-Geo HMS and HEC HMS model were used
for rainfall-runoff simulation for 1998, 2009 and 2018 years.

Stormwater Modeling for Improving
Floods Resilience, Water Supply, Soil and Ecological Conservation

Timoth Mkilima, Dr. Stephen Mbuligwea

aArdhi University, Dar es Salaam, Tanzania.
Contact details: tmkilima@gmail.com

Abstract
In this study, the HEC HMS model was used for rainfall-runoff simulation. The computed peak discharge for the 1998 study year was 355.7m3/s, 402.7m3/s
in 2009 and 437.8m3/s in 2018 which is an increase of about 23.08% from 1998 to 2018. The peak inflows for all detention basins were observed in the
extreme event of 20 December 2011, where reservoir 1 had peak inflow of 123.6 m3/s, reservoir 2 had 43.5m3/s, reservoir 3 had 37.5 m3/s, reservoir 4
had 60.5 m3/s and reservoir 5 had 19.2 m3/s.

▪ Dar es Salaam is experiencing significant growth and development
(AfDB, 2014).

▪ With a corresponding increase in the amount of impervious surface
covering the landscape from the development activities.

▪ Resulting to extreme flooding events threatening human lives and their
properties as well as leading to soil erosion and ecological destruction.

▪ Efficient storm water runoff management practices can protect one of
our most important natural resources, properties and human lives.

▪ Increased impervious surfaces due to land use changes magnifies the
demolishing power of floods as a result of an increase in storm water
runoff generation.

▪ The detention basins are designed to capture and slow stormwater
runoff to prevent downstream flooding, reduce the extent of soil
erosion, extend water flow period in the river which will also provide
water for ecological conservation as well as provide water for none
portable uses.

1. African Development Bank (2014). Tracking Africa’s progress in figures.
Statistics Department in the Chief Economist Vice Presidency of the
African Development Bank, Tunis Tunisia.

2. Hydrologic Engineering Center (HEC). (2010a). Hydrologic Modeling
System, HEC-HMS. User’s Manual. U.S. Army Corps of Engineers, Davis,
California.

To assess the impact of land use change on stormwater runoff with respect
to the selected rainfall event and land use characteristics for stormwater
management engineering solution.

OBJECTIVES

METHODOLOGY

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES

BACKGROUND/CONTEXT 

PROBLEM STATEMENT/RESEARCH QUESTION

Raw DEM

Terrain Analysis

Catchment delineation

Generate Basin
Characteristics

Model development
Daily 

rainfall
Land Use Maps 
and Soil Maps

Runoff generation

Reservoirs design

HEC HMS

ArcGIS & 
HEC-Geo 

HMS

Figure 5. Flow chart
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Linear (High
intensity)

Linear (Medium
Intensity)

Linear (Low
Intensity)

▪ Land use change analysis

Figures 6, 7 & 8: Classified land uses

Table 1. Simulated discharges

▪ Hydrological model development

Table 2. Reservoirs discharge

▪ Reservoirs design

▪ From figures 6, 7 & 8 of land use 
change analysis.

Red color: High intensity developed
areas, Green color: Medium intensity,
Yellow: Low intensity.

▪ An increase of 23.08% of the runoff
generated was observed from 1998
to 2018 due to land use change as
shown in table 1.

Figure 9. Land use change graph
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• The Middle East and North Africa (MENA) region is the driest and the
most water scarce region of the World. With an average of 6.3% of the
world’s population, the region contains only 1.4% of the world’s
renewable fresh water (Roudi-Fahimi, Creel, & De Souza, 2002).

• Water shortage in the MENA region will be significant in the next
decades and that about 20% can be attributed to climate change and
80% to the increase in demand, population growth and fast economic
development (Immerzeel et al., 2011).

• In Algeria, the vulnerability of available water resources is affected by
several problems such as climate change, increasing population growth,
surface and groundwater pollution, and the over exploitation of fresh
water resources.

Study of the Feasibility of Water Reuse for Agriculture as an Adaptation Measure 
to Climate Change: Case Study of Ain Temouchent, Algeria

Rokiatou Haidara , Prof. Nadia Badrb,  Dr. Chérifa Abdelbakic
bUniversity of Alexandria (Egypt.), cUniversity of Tlemcen (Algeria)

Contact details: queeny1994@yahoo.fr
Abstract

This project seeks to study the feasibility of reusing the treated domestic wastewater for agricultural purposes as an adaptation measure to climate
change. The research was conducted in the wastewater treatment plant of Ain Temouchent. Analyzes carried out on the physico-chemical and
microbiological parameters of the treated wastewater quality have been compared with the World Health Organization (WHO), Food and Agriculture
Organization (FAO) and the Algerian standards of water quality for irrigation. The results show that the treated wastewater could be used for the irrigation
of fruits trees with specific focus on the olive tree. This choice could be justified by the importance of the olive in the agricultural sector of Algeria. In
addition to that, the development of the olive tree is specified by a good efficiency of water use.

The water management situation is characterized by an imbalance
between the demand and the available water resources and agriculture is
facing more and more serious problems in irrigation. Water intended for
this purpose is almost rare and the application of adequate solution is
essential adapt to climate change.

Wastewater Treatment Plant of Ain Temouchent

• Following the obtained results, we can conclude that the quality of the 
treated wastewater is satisfactory for the reuse in irrigation.

• The treatment process of the plant is effective to produce a water that 
meets the reuse standards, since it is equipped with a tertiary 
treatment units.

• The annual volume of the treated wastewater valued through the 
irrigation of olive trees will be of great benefit to Ain Temouchent.

• In a context of climate change and in order to preserve the available 
water resources, the water resources managers of Algeria should 
promote more wastewater reuse projects in agriculture for a 
sustainable development.

1. Roudi-Fahimi, F., Creel, L., & De Souza, R.-M. (2002). Finding the
Balance : Population and Water Scarcity in the Middle East and North
Africa. Population Reference Bureau, 1, 1–8.

• To evaluate the quality of the treated wastewater produced from the
wastewater treatment plant (domestic wastewater), of Ain
Temouchent, a semi-arid region located in the North-Western part of
Algeria.

• To make comparison with the required FAO, WHO and Algerian
standards of water quality for irrigation and to assess the possibility of
its reuse for agricultural purposes.

METHODOLOGY

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES

PROBLEM STATEMENT/RESEARCH QUESTION

BACKGROUND/CONTEXT

OBJECTIVE(S)

Analyze the physico-chemical parameters of the treated wastewater 
produced from the treatment plant.

Analyze the microbiological parameters of the treated wastewater 
produced from the treatment plant.

Statistical studies for different parameters to find correlations. 

Choose the types of crops that can be irrigated with the treated 
wastewater.

CASE STUDY
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▪ In order to assess the quality of the treated wastewater from the 
wastewater treatment plant of Ain Temouchent, a series of daily 
analyzes on the water quality parameters were collected from the 
laboratory of the plant for the time period 2014, 2015 and 2017.
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The civil war in South Sudan has left millions of people living as
Internally displaced people. The war led to destruction of water
infrastructure and stress to the existing ones. This has led to
humanitarina organizations moving into the country to rebuild the
water supply systems there by provinding safe water.

An Evaluation of Impacts and Sustainability of Humanitarian 
Organization’s Water Projects in Juba, South Sudan

Nathan Ouma Majwa, Prof. Bolaji Sule Absb

(b) University of Ilorin
Contact details : nmajwa@gmail.com

Abstract
This research work evaluates the humanitarian organizations water projects in water projects in South Sudan. The evaluation water done
in three categories namely; the effects on waterborne diseases prevalence in children under the age of five years, girl child school
enrolment and women empowerment. The results showed that the water projects had a positive effect on all the three categories.

The humanitarian organizations’ water projects needs to be evaluated
and monitored to ensure that they provide safe water to the
vulnerable communities hence preventing the prevalence of
waterborne diseases. The study examines the impacts that Oxfam
projects have had in Juba in terms of; girl child education, women
empowerment and reduction in diseases in children under the age of
5yrs.

➢The household survey conducted revealed that there has been a 
reduction of water related disease among children under the age 
of five years. 

➢92% of the households interviewed also said none of their 
children had missed school due to water related disease in the 
last two weeks.

➢Data collected from the schools also showed that girl child 
education has improved. Key informant interview with teachers’ 
revealed that girls were concentrating more on their studies, 
more punctual and had better test grades.

1. Oxfam (2015), “Deteriorating Economic Situation and Its effects 
on Safe and adequate Water Supply in Juba, South Sudan” Pg 10

2. Government of Southern Sudan, Southern Sudan Centre for 
Census Statistics and Evaluation: 2010 Sudan MDG Report

3. Gross, E., Günther, I., & Schipper, Y. (2018). Women Are Walking 
and Waiting for Water: The Time Value of Public Water 
Supply. Economic Development and Cultural Change, 66(3), 489-
517

To evaluate the impacts of humanitarian organizations’ water projects in
Juba South Sudan.
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RESULTS AND DISCUSSION

CONCLUSION
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BACKGROUND/CONTEXT 

PROBLEM STATEMENT/RESEARCH QUESTION

The research found out that most people in South Sudan use the 
water provided by Oxfam.

Hypothesis testing results showed that the was a positive relation 
between the Oxfam water projects and waterborne disease, 
women empowerment and girl child school attendance as shown in 
the graph below.

Test Hypo Type Analysis Results Decision 

Effects on Waterborne 
Diseases prevalence

Pearson Correlation r=0.003 and significant of 
0.964 implying weak and 
positive correlation 

Accept

Effects on Girls
Education

Fisher exact test

Pearson Correlation

p=0.025 Oxfam water 
projects impacted 
positively and 
significantly 

r=0.136

Reject

Effects on Women
Empowerment

Fisher exact test

Pearson Correlation

P=0.005

R=0.168

Reject

Households Survey

Water Quality testing

Focused group discussion 

Key informant Interview 
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Global concern on water and sanitation is not of recent existence. The
United Nations declared International Drinking Water and Sanitation
Decade(1990-1990),and MDGs(2000-2015),SDGs(2015-2030) all which
have water and sanitation components.

Despite the efforts, In 2013, globally, it was estimated that 2,000 children
under the age of five were dying every day from diarrhoeal diseases
(UNICEF 2013). In 2015, only 71% of the global population (5.2 billion
people) used improved drinking water source(WHO,2018).

In 2015, only 39 % of the global population (2.9 billion people) used
improved sanitation facilities(WHO,2018).In SDG agenda,WASH is to be
extended in schools as inadequate WASH can lower school attendance and
achievement(WHO,2018)

Assessing Students’ Knowledge, Attitudes and Practices 
on Water, Sanitation, Hygiene(WASH) and related Diseases 

in selected Schools in Musanze District - Rwanda
Vincent Habumugisha, Prof. Dr. Bolaji F Sulea

aUniversity of Ilorin, Ilorin, Nigeria
Contact details: vincenthaba@yahoo.fr

Abstract
The research assessed students’ knowledge, attitudes and practices on water, sanitation, hygiene and related diseases in selected schools in
Musanze District, Rwanda.1173 students participated in the research and from the results, it was found that students do not have enough
knowledge, have bad practices towards hygiene and sanitation which can endanger their health. Public health education is schools was
recommended to upgrade students’ knowledge, attitudes and practices on water, sanitation and hygiene related issues.

According to the World Health Organization, 3.4 million people, mostly
children, die annually from water-related diseases. In Rwanda, from 2010
to 2015, fifteen outbreaks were recorded with a total of 285 cases and 3
deaths were recorded (RBC, 2015). In the year 2016 and 2017,Cholera
cases were again confirmed to occur in western part of Rwanda.

Table 1. Human faeces disposal

Table 2.Knowledge on diseases related to contact with human faeces.

Table 3. Knowledge on prevention of selected WASH related diseases

• There is a need of providing public health education in schools to
upgrade students knowledge ,attitudes and practices on WASH.

• Policy on provision of full water supply and sanitation coverage in public
places, monitoring of implementation on UNICEF/WHO WASH guidelines
in schools, and policy on dissemination of WASH related diseases
message in health centers, clinics and hospitals are recommended.

1. World Health Organization. (2017). Waterborne disease related to 
unsafe water and sanitation. Retrieved May 27, 2017, from 
http://www.who.int/sustainabledevelopment/housing/health-
risks/waterborne-disease/en/ 

2. World Health Organization. (2017). Waterborne disease related to 
unsafe water and sanitation. Retrieved May 27, 2017, from 
http://www.who.int/sustainabledevelopment/housing/health-
risks/waterborne-disease/en/ 

▪ To assess students 'knowledge on Water, Sanitation and Hygiene and
related diseases

▪ To Assess students’ attitudes on Water, Sanitation and Hygiene
▪ To Assess students’ practices on Water, Sanitation and Hygiene

OBJECTIVES

METHODOLOGY

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES

BACKGROUND/CONTEXT 

PROBLEM STATEMENT/RESEARCH QUESTION

This research was conducted in six (6) randomly selected schools in
Musanze Dsitrict, Northern Province, Rwanda.

Data were collected using questionnaires( Student, school director and
teacher’s questionnaires) and field observation checklist from.

and analyzed using Statistical Package for the Social Sciences (SPSS,V25).
Sample size of 1,173 students was determined using Krejcie and Morgan

(1970) table
Krejcie and Morgan (1970) table is derived from the formula below (Chuan,

2006):
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Water is the most important substance on earth (Smith et al., 2011).
Nearly 80% of the world population is exposed to a high water scarcity
threat (Vörösmarty et al., 2010). Globally, Companies are addressing
water stewardship as a part of their corporate social responsibility in order
to reduce water related risks to their businesses (J. Peter et al., 2015)

Assessing the Potential for Water Stewardship Partnership 
Using Water Risk and Action Framework: The Case of Nzoia Basin, Kenya

Felix Kasiti, Khaldoon Mourada

aLund University, Lund, Sweden
kasitif@gmail.com

Abstract
There is an increase in water stress and water scarcity. Collective actions among different sectors, institutions and stakeholders are needed to reduce
future water risks. Water Risk and Action Framework (WRAF) provides a stepwise guide to water stewardship. Water risks have been quantified using
indicators from remote sensing platforms and secondary sources with indicators such as Leaf Area Index (LAI), Rainfall Use Efficiency (RUE), and Soil Water
Stress (SWS). The results showed that the Water risks had increased between 2000 and 2014 in different parts of the basin at different magnitude of risk.

The government and the business sector together share the risks related
to water scarcity, poor management or a change in water regulation.
Kenya is both a water stressed and a water scarce country. Annual
renewable freshwater supplies had decreased from 647 m3 per capita in
1992 to 500 m3 in 2010 and it is projected to drop further to 235 m3 per
capita in 2020.

1. Water Risk and Action Framework (WRAF)

2. Quantifying water risks
❖ Leaf Area Index (LAI)

❖ Indicator of degradation Water Risk (WR)=1/LAI
❖ The Priestley-Taylor Alpha Coefficient (PAC)

❖ Indicator of evapotranspiration rate variation WR=1/PAC
❖ Rain Use Efficiency (RUE)

❖ Indicator of rainfall variation and land degradation WR= 
1/RUE

❖ Soil Water Stress(SWS)
❖ Indicator of drought and aridity WR=1/SWS

❖Water Risk Index (WRI) = 1
𝐿𝐿𝐿𝐿𝐿𝐿∗𝑅𝑅𝑅𝑅𝑅𝑅∗𝑆𝑆𝑆𝑆𝑆𝑆∗𝑃𝑃𝐿𝐿𝑃𝑃

❖ Using ArcGIS Raster Calculator

3. Stakeholder Mapping
❖Use of Stakeholder mapping template by categorizing, 

prioritizing 
❖ Interviewing selected sample
❖Responses in Descriptive statistics .

➢ Evidence of increasing water risks since 2000

➢ The catchment faces increased deforestation, increased drought, land 

degradation and land cover changes

➢ There is a potential for a water stewardship partnership between local, 

international, Governmental and Non Governmental organization.

1. Smith, K., Verberne, o., Stuart, O., Sánchez-Navarro, R., Schmidt, G., 
Seiz-Puyuelo, R., . . . Verberne, J. (2011). Assessing water risks: A 
Practical Approach for Financial Institutions. Retrieved from Berlin: 

2. Peter, J., David, H., & Daphne, C. (2015). Water stewardship and 
corporate sustainability: a case study of reputation management in the 
food and drinks industry. Journal of Public Affairs, 15(1), 116-126. 

3. IWaSP. (2018). Water Risk & Action Framework.   Retrieved from 
https://ceowatermandate.org/wraf/about/

The main objective of this study is to assess the potential for a water
stewardship partnership within Nzoia Basin, Kenya.
• To quantify water risks in Nzoia River catchment.
• To map out the potential partnership stakeholders in the Nzoia River
basin.
• To assess the potential for stewardship partnership in Nzoia River
basin.
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WRAF stages, 
(IWaSP, 
2018)

Core 
partner

31%

Non-core 
partner

Target 
group
36%

Description of the 
stakeholder group

Yes, 
88%

No, 
12%

36.50%

46.20%

61.50%

71.20%

26.90%

Catchment Restoration

Catchment Management…

Capacity Development

Conservation Activities

Catchment Protection…
Yes
83%

No 
4%

Maybe
13%

Water stewardship 
program

Stewardship activities Monetary Allocation

Water Risk Index
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Area under irrigation have been doubled
from 1.4 million km2 1961 to 3.2million
km2 in 2012 and 70% of water abstracted
worldwide are used in irrigation(USGS,
2017; Mateo-Sagasta et al., 2015).
Meantime, the existing water resources
management strategies, infrastructures,
policies enforcement are not suitable for
this high-water demand mainly in
developing countries(Georgina, 2017).

Assessing the Implications of Water Policy on Irrigation Performance 
in Developing Countries: Case Study From Eastern Province of Rwanda 

Theobald Bizuhoraho; Nadia Badr El-Sayeda

a Alexandria University, Egypt
Contact details: tbizuhoraho@gmail.com

Abstract
This study assessed the implications of water policy on irrigation performance in developing countries: case study eastern province of Rwanda. Three
dominant irrigation sites (Kagitumba, Nasho/Mpanga, and Gashora) were studied, and a total sample of 563 farmers, five Water Users Association (WUA)
and three Key informants were selected. The method used to collect the data included transect walk, focused group, interviews and survey and the data
were analysed using SPSS software. The result revealed that the people participation appears in repairing the infrastructure, while public sector help them
to strengthen their knowledge through different trainings and financial support while the WUA helps in decentralisation of water management to grassroot
level and water use fees payment management.

Modernisation of irrigation is one of the
strategies, adopted by the government of
Rwanda, as an adaptation strategy to the
impact of climate change to achieve
sustainable food security, therefore, there
is a need to have effective water policy to
control water abstraction rate through
proper people participation and
functioning WUA.

1. Georgina W. Njiraini, Djiby Racine Thiam, and Edwin Muchapondwa,2016. Implications of water policy
reforms on water use efficiency and quality in South Africa: The Olifants river basin. The 5th International
Conference of the African Association of Agricultural Economists, sept. 23-26: Addis Abeba, Ethiopia

2. Mateo-Sagasta, J., Raschid-Sally, L. and Thebo, A., 2015. Global wastewater and sludge production,
treatment and use. In Wastewater: Economic asset in an urbanizing world. Drechsel, P., Qadir, M. and
Wichelns, D. (eds.), Springer.

3. USGS, 2017. Irrigation water use. United States-Department of Geological survey water science school.
Washington DC. Available on: https://water.usgs.gov/edu/wuir.html [Accessed on November 2017].

▪ Assessing the role of public
participation on irrigation performance.

▪ Evaluating the Impact of Water Users
Association on irrigation performance.
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Key 
Informants

WUA 
Manager

Farmers

Transect 
walk Interview Questionnaire

s

Qualitative 
data

Quantitative 
data

Thematic analysis SPSS software, 
version 23

Result & 
Conclusion

People participation in management of 
irrigation infrastructures.

Major irrigation performance challenges
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Gashora Nasho/Mpanga Kagitumba

%
Main entry requirements in WUA: 

• Plot of land 
• Water use fees

• Farming activities in the irrigation scheme
Main Responsibilities of WUA:

✓Water allocation.
✓management of irrigation infrastructures.

✓water use fees collection .
✓Water quality monitoring.

✓Water related Conflict resolution.

Famers Benefits from WUA %

Easily getting water subsidy 70%
Farm management training 23.1%
Selling the harvest 4.6%
Credits services from WUA 2%
Others profits 0.2%

• The implication of water policy in Rwanda, appears in effective participation of people in the repairing
and management of irrigation scheme while the government gives training and irrigation technicians.

• WUA is sole institution which is helping the collection of water use fees and its management.
• Some challenges which are affecting the implementation of water policy in Irrigation includes: Disaster,

energy and water allocation calendrer
• This study recommends the volumetric measurement of water resources abstracted as well the

encouragement of use of water saving irrigation type.

Irrigation 
Site

Technical Problems 
Repairing Actors N %

Gashora
Farmer 78 13.6
Permanent technicians 19 3.5

Nasho /
Mpanga

WUA 60 10.7
Farmer 21 3.7
Permanent technicians 88 15.6

Kagitumba

WUA 136 24.2
Farmer 65 11.5
Permanent technicians 96 17
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• Protracted droughts, floods and political crisis affect already few
sources portable water existing

• Most water sources are contaminated with feacal coliforms which
cause diarrhea in children

• HWTS has a role in providing vulnerable people with a tool to
improve their own water safety while they continue to wait for
reliable water supplies

• Ceramic filters are a viable option to improve water quality but not
without consistent use which is related to behavioral and
psychosocial factors.

Comparative Analysis of Factors that Influence Consistent 
Use of Household Water Treatment and Storage in Northern Kenya

George Kiambuthi Wainaina, Dr. Eng. James Messob, Dr. Sara Marksc, Regula Meierhoferc

bJomo Kenyatta University, cSwiss Federal Institute of Aquatic Sciences-Eawag
Contact details: gkiambuthi@gmail.com

Abstract:
Economic, technical, behavioral and contextual factors in an emergency context influence the consistent use of household water filters. Use of household water
treatment and storage (HWTS) options improves water quality in emergency contexts and consistent use leads to health benefits. However, HWTS options are often
designed for the typical household environment, not taking into account unique challenges faced during emergencies. The study aimed at comparatively analyzing
factors that influence consistent use of household ceramic water filters in Northern Kenya which was facing prolonged droughts. The study followed both qualitative
and quantitative design using structured observations, questionnaires and a focus group discussion. Spearman’s correlation analysis and multivariate regression
models were used to understand and explain the predictors of consistency of use of household filters. Findings indicate that consistency of use of filters is affected
by different factors. Those filters with a two-bucket interface design were mostly affected by design factors such as functional status indicators while those with one-
bucket interface design were mostly affected by psychosocial and economic factors such as peer approval and availability of spare parts. The context, i.e. how well
these filters fit in the shelters, was a strong determinant of consistency in filter use for both groups. Regression models showed an increase in percentage of
consistency of use by 22 points with agreement to good fit in the house. These findings suggest that, WASH actors should take into account these factors during
filter-based interventions in emergency contexts. A tradeoff between space occupied by the filter and filter capacity and how they affect fit in the shelters still exists.

What factors influence consistent use of household water filters in
Northern Kenya?

• Diffusion of innovations theory formed the basis of the study
• Qualitative and quantitative approach employing questionnaires,

focus group discussions, structured observations and key informant
interview.

• SPSS used for descriptive statistics, Correlation analysis and
ordinary least regression models.

• Deductive coding used to analyze qualitative data
• ODK and GIS used for data collection and storage

Study context
• Study based on a protracted drought emergency context

Filters are not just filters
• The more available the spare parts are perceived to be, the higher 

the consistency of use for one bucket.
• The more the filter fits spatially in the house & while in use, the 

more it is consistently used for all.
• Local culture should not prohibit use of the HWTS intervention 

intended to be administered for all.
• The more the society approves use of filters, the more consistency 

increases for one bucket filters. 
• Consistency of use increases with happy feeling of ownership.
• Understanding of how a filter works for two-bucket improves 

consistency.
• Users who familiarize with the physical features of filters portray 

higher consistencies of use for two-bucket filters

1. Brown, J., & Clasen, T. (2012a). High adherence is necessary to realize 
health gains from water quality interventions. PLOS ONE, 7(5). 
doi:10.1371/journal.pone.0036735

1) To characterize selected HWTS options in use
2) To analyze and compare how economic and contextual factors in

an emergency context support or impede the consistent use of
household water filters.

3) To analyze and compare how behavioral and design factors affect
consistent use of household water filters
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Context area: Laisamis, Marsabit County Kenya

Predictors of consistency of use Nature Filter Groups
Two 

bucket
One

bucket
• It is possible to install this filter 

anywhere in my house.
Context ✓ ✓

• My culture prohibits the use of 
filters

Context ✓ ✓

• I am happy to own this filter Psychosocial ✓ ✓
• The fitting parts can be incorrectly 

fitted
Design  ✓

• I would find spare parts to repair 
the filter easily

Economic  ✓

• People who are important to me 
disapprove if I filter my drinking 
water.

Behavior  ✓

• Does the product indicate when it is 
not filtering water properly?

Design ✓ 

Two-bucketOne-bucket



River Basins are likely to experience ‘low water security’ over the
coming decades (Gain et al., 2016). As a matter of fact, Volta River
Basin is considered to be one of the most affected basins by freshwater
shortage in West Africa (Oyebande and Odunuga, 2010).

Although its contribution to the national GDP (38% in 2006) and food
security, the Oti River Basin in Togo (as integral part of the Volta River
Basin) is undergoing changes in its surface water flow, the loss of its
surface water, reduction in its groundwater recharge and ground water
depletion, mainly attributed to increased population, climate change
among other factors. Nevertheless, existing studies have only looked at
the potential impacts of climate change on ground water with a focus
on administrative boundaries and urban water supply. Therefore, there
is a need to assess water security level in the basin under the
challenging environment.

1. WATER SECURITY LEVEL IN THE SUB-BASIN
Value of Indicators at Different Level

Evaluation Results 

Water security Index Value  < 0.4 => The sub- basin is under an unsecure state  
for all the assessed years (past and future).

2. BARRIERS TO WATER SECURITY IN THE SUB-BASIN

❖ The overall water level is very insecure in the sub-basin for the assessed
years (2010, 2015 and 2025) with the year 2025 being the worse.

❖ Insecurity in the sub-basin is a result of many factors including technical,
institutional, juridical, environmental, socio-cultural, hydrogeological and
demographical factors.

❖ Gain, A.K. et al (2016). Measuring global water security towards sustainable
development goals. Environ. Res. Lett.11,124015. Doi:10.1088/1748-
9326/11/12/124015.

❖ Oyebande L. and Odunuga S. (2010). Climate Change Impact on Water
Resources at the Transboundary Level in West Africa: The Cases of the
Senegal, Niger and Volta Basins. The Open Hydrology Journal. 4, 163-172.

❖ To evaluate water security level over time in the Oti Nord sub-basin
in Togo in a challenging environment using the Improved Fuzzy
Comprehensive Evaluation Model (IFCEM).

❖ To Evaluate the potential barriers to water security in the sub-basin
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Evaluating Water Security in a Challenging Environment: 
Case Study of Oti Nord Sub Basin in Togo  

Mawulolo Yomo, Khaldoon A. Mouradb, and Masamaeya D. T. Gnazouc

bLund University, Lund, Sweeden; cUniversité de Lomé, Lomé, Togo 
Contact details: yomoe2816@gmail.com

Abstract:
As part of addressing future water shortage impacts on communities, this study aimed at evaluating water security (WS) in the context of the global
environmental change taking the Oti Nord sub-basin (ONSB) as a case study. A total of 32 semi-structured interviews with key representatives of various
institutions including governmental institutions, civil society, community-based organisations and private operators were conducted to bring out the
institutional arena as well as the existing barriers to water security in the sub-basin. Besides, the Improved Fuzzy Comprehensive Evaluation Model
(IFCEM) was used for WS level assessment. A basin level WS evaluation system including five subcomponents (external environment security, water
resources security, water-society security, water economic security and water-environment security) and 23 indicators related to climate, socio-economy,
and water availability and consumption were constructed. The results showed that the overall water level is very insecure in the sub-basin for the
assessed years (2010, 2015 and 2025) with the year 2025 being the worse. Finally, this insecurity is found to be the result of many factors including
technical, institutional, juridical, environmental, socio-cultural, hydrogeological and demographical factors.

Sub-Components 2010 2015 2025
Water-Resources Security (WRS) (B1) 0.2000 0.3804 0.1780
Water-Society Security (WSS) (B2) 0.5000 0.7579 0.7500
Water-Economic Security (WES) (B3) 0.4000 0.4707 0.6000
Water-Environment Security (WEES) (B4) 0.6991 0.5872 0.6000
External-Environment Security (EES) (B5) 0.7500 0.8452 0.2500
Water security (synthetic values) 0.7841 0.8456 0.7814

System 2010 2015 2025
Water security (synthetic values) 0.7841 0.8456 0.7814
Water security (modified values) 0.1592 0.1994 0.1578
Level of water security Very Insecure Very Insecure Very Insecure

METHODOLOGY

Step 2- Normalisation of the indicators values 

Step 3- Establishment of the fuzzy membership 
function of sub-systems 

Step 4- Computation  of sub-systems/indexes values 

Step 6- Score transformation 

Step 7- Water security gradation 

Step 5- Computation of water security value

Step 1- Establishment of indicators’ 
system 

Indicators’ real 
values

2. Semi-Structured Interview with key representatives of
existing institutions in the Oti Nord sub-basin

1.

JURIDICAL: Non application of juridical texts, non operationalisation of
management organs, and political will.
TECHNICAL: Limited investment, lack/limited data, and limited resources
(human, expertise and infrastructures).
INSTITUTIONAL: Limited collaboration among water actors, institutional
instability, and inadequacies in water and related sector evolution.
ENVIRONMENTAL: Water pollution, disaster/flood, and climate change
HYDROGEOLOGICAL :Natural unavailability of ground water as well as water
mobilization difficulty (related to the productivity of existing aquifers).
SOCIO-CULTURAL: Absence of the sense/spirit of paying for water services,
cultural taboos, and limited awareness.
DEMOGRAPHIC: Increasing population.
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• Environmental flows describe the quantity, timing, and quality of water 
flows for ecosystems and human (Forslund et al., 2009).

• Pressure on water uses has deteriorated quality and quantity and 
worsened the environmental flow in worlds rivers, which highlighted 
the need to a better sustainable management. 

• In Tanzania formal and informal community participation are 
recognized.

• The major water uses in Mkoji sub catchment are irrigation 76%, 
livestock 6% and 18% for domestic  (Lusuva,2009) .

• WUAs have a vital role in   management and allocation of water.

Investigating the Role of Water User Associations 
on Decreased Environmental Flow 

and Degraded Freshwater Ecosystem in Tanzania
Happyness Ngonyani, Khaldoon A. Mourada

a Lund University, Sweden 
Contact details: ngonyanihappyness@gmail.com

Abstract
Mkoji sub catchment is the populated and intensified sub catchment while being the uppermost sub catchment in the Rufiji basin the downstream users
are critical in water demand. Public participation through water user associations in management of water resources is encouraged but little is known
about their role on water resources management and the extent to which the formation of WUAs restored the environmental flows or improved water
resources management. The study aimed to assess their role in restoration of the decreased environmental flow and degraded freshwater ecosystem.
Both primary and secondary data were used. Results showed decrease in the flows and ecosystem degradation, WUAs use land use management,
ecosystem management and water resources management as their strategies in management and restoration while agriculture being the first water user
in the sub catchment.

Mkoji sub catchment is populated  and have multiple water users. Over 
abstraction cause decrease in flow and environmental degradation. WUAs 
plays a vital role in restoration of both environmental flows and degraded 
freshwater ecosystem however, their role is not well recognized. 
The study investigated the role of WUAs in restoration of decreased 
environmental flow and degraded freshwater ecosystem

There is critical decrease of 58% of
the flow in the sub catchment

➢ Water user associations are useful tool in restoration of the 
Environmental flow and its management.

➢ Land use influenced the decrease of the flows and degradation of the 
freshwater ecosystem, agriculture being the main contributor and as  
climate change and variability effects

➢ Water user associations are aware of the climate change and variability
and its effects, they are using the climate data and hydrological data for 
mitigation and resilience.

1. Forslund, A., et al. (2005). Securing Water for Ecosystems and Human
Well-being: The Importance of Muhammad Mizanur Rahaman and Olli
Varis.

2. Lusuva, A. E. (2009). An Assessment of Gender Mainstreaming in Water
Resources Management: A Case Study of Mkoji Sub Catchment in
Usangu Plains, Tanzania. A dissertation submitted in partial fulfilment of
the requirements for the Master of Science degree in Integrated Water
Resources Management. University of Zimbabwe.
www.waternetonline.org/download//data/download/.../Lusuva-Elina-
Final.pdf

To assess the role of water user associations on the restoration of the
reduced environmental flow and the degraded freshwater ecosystems
taking Mkoji sub-catchment as case study from Tanzania.
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1. Strategies used by WUAS
a. Land use management strategy

b. Ecosystem management strategy
c. Water resource management strategy

2. Status of the flow in sub catchment 3. Decrease of the flow and gradation 
of the ecosystem.

There is change of the flows of the rivers and Streams accepted by 83% of the 
respondents

There is decrease of about 75% 
fisheries catch

The abstarction amount for irrigation is 
over the permited amount. 
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• There are about 260 rivers that cross or form international borders
• There are 276 international river basins, of which 60% do not have

any framework in place to manage these shared resources
cooperatively.

• The data suggest that the challenges of water conflicts are
growing, not shrinking

• The increased competition over freshwater resources inevitably
entails conflict between riparian states

Optimizing the Benefits of Cooperation 
on Transboundary Rivers: A Case of Blue Nile River 

Rehima Kedir Mohammed , Azage G.Gebremariam (PhD)a

aEiWR/AAU, Ethiopia
Contact details: rakeked27@ gmail.com

Abstract
Transboundary water cooperation leads to the sustainable water resources development, peaceful management and efficient use of freshwater
resources. The study finding indicates that there are different type of benefit that can be generated from cooperation and joint actions on the
transboundary Blue Nile basin such as hydropower generation and irrigation, environmental sustainability, peace and security in the region,
knowledge and information sharing.

➢ The Nile Basin is classified as one of the most conflict-prone river
basins.

➢ Demand for water in the entire region is constantly increasing due
to economic development and population growth.

➢ Due to the lack of adequate/efficient upstream-downstream water
utilization and management, all three riparian countries of the
Eastern Nile have been challenged by various complex problems:

➢ excessive land degradation, flooding and silt accumulation, and
excessive water loss through evaporation

• Win-win cooperation strategy, adaptive-integrated water management 
approach is vital

• Establish economic integration, which is Africa 2063 agenda of African 
country integration

• Building trust among the upstream and downstream basin 
stakeholders 

• Establishing a permanent, strong, multilateral institution that is 
trusted by all Nile countries

1. Aron, T., & Anika, K. (2005). Managing Water conflict and 
Cooperation.

2. Arsano, Y. (2007). Ethiopia and the Nile:Dilemmas of National and 
Regional Hydropolitics. Zurich: Center for Security Studies, Swiss 
Federal Institute of Technology.

3. Claudia, W. S., & David, G. (2002). Beyond the river: The benefit of 
Cooperation on international rivers. Water Policy , 4, 389-403.

4. Gleick, P., & Matthew, H. (2012). Water and Conflict, Event , Trend 
and Analysis. Water Breif , 159-171

▪ To identify and optimize all the benefit of water cooperation in the
Blue Nile River that contributes to the sustainable development and
management of the transboundary River basin.
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• Groundwater is an important resource in the world. Most of African
Country it is highly depending on it.

• It is the only source of drinking water for a majority of the population
in Algeria (Zafane.D et al., 2016).

• In Naãma, the groundwater is the only source that is using for domestic
household, agriculture and industrial purposes

Use of Geographical Information System 
and Water Quality Index to Assess Groundwater Quality 

in Naãma, Algeria
Mahamat Mountassir Mahamat Ali, Prof Chabane Sari, Dr Abdessamad Derdour

Pan African University Institue of Water and Energy Sciences and University of Naãma, Tlemcen, Algeria 
Contact details: mountassirmahamatali@yahoo.fr

Abstract
The Water Quality Index (WQI) is a great tool which produces effective assessment of water quality. The aim of this study was to assess the suitability of
groundwater quality for drinking purpose by using GIS and WQI in Naãma, Algeria. Ten groundwater samples were collected from boreholes in this year
2018 for understanding physico-chemical analysis. The physico-chemical parameters (such as pH, Electrical Conductivity (EC), Total Dissolved Solids (TDS),
Bicarbonate, Ammonium, Sulfate, Nitrate, Calcium, Magnesium, Sodium, and Potassium) were selected for the spatial analysis with the help of the
Geographical Information System (GIS). Water quality index was compiled using those eleven parameters. The result of WQI showed that 40% of the
collected groundwater samples were of excellent quality and 60% were found to be in good quality.

▪ Due to reject of wastewater treatment plant and agricultural activities.
▪ Presensence of two saline mountains after arin period is percolated in

the groundwater.
▪ The ignorence of local communities and lack of management and

strategic planning from the government.

The result of physico-chemical parameter which were chosen from 
different boreholes are in the permissible limit . Except bicarbonate 
parameter was found exceed the permissible limit.
The computation of WQI found that 40% of the groundwater samples were 
classified to be in excellent water and the rest of 60% were found to be 
good water class.

1. Bairu.A et al. (2013). Use of geographic information system and water
quality index to assess suitability of groundwater quality for drinking
purposes in hewane areas tigray, northern ethiopia.Ethiopian journal
of environmental studies and management, 06(02), 110-121.

2. Bouderbala, A. (2017, September). Assessment of Water Quality Index
for the Groundwater in the Upper Cheliff Plain, Algeria. Journal
geological society of india, 90, 347-356.

To assess the groundwater quality for drinking water using Gis and WQI.

OBJECTIVES

METHODOLOGY

RESULTS AND DISCUSSION

CONCLUSION

REFERENCES

BACKGROUND/CONTEXT 

PROBLEM STATEMENT/RESEARCH QUESTION

Data collection

Database Creation
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Data Input

Location Map of Study
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Interpolation
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Generation Map of WQISpatial Distribution Map

Data Interpretation

Figure 5:Mean concentration of pH

Figure 7:Mean Concentration of TDS

ID Sample Stations WQI Classification
1 Naama (N3) 53.76706 Good Water
2 Naama (F1) 85.86922 Good Water
3 Naama(N2) 52.57544 Good Water
4 Naama (F13) 48.09789 Excellent Water
5 Naama (N4) 48.21005 Excellent Water
6 Naama (N6) 44.6105 Excellent Water
7 Naama (N7 49.10983 Excellent Water
8 Naama (N5) 54.22632 Good Water
9 Naama (F2) 62.58127 Good Water

10 Naama (N8) 63.75071 Good Water

Figure 26 :Spatial distribution map

of bicarbonate (mg/l) in Naãma

Figure 27: The value of WQI

for groundwater sample

Figure 17:Spatial distribution map

of EC (mg/l) in Naãma
Figure 16:Spatial distribution 

map of pH in Naãma

The value of pH of water samples in the study area are ranges from 7.65 to 
8.0
It was found that the majority of the groundwater samples which are 
located in Nord-West to South-East.
The spatial of EC in the study area are ranging from 551 to 1084 (µδ/cm).
The entire water quality index (WQI) of groundwater in Naãma was found 
to be excellent and good


