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Dear Reader and Conference participants, 
 
In the first week of every December, the Institution of Engineers Tanzania (IET) conducts either a 
national or an international conference. These two events alternate. Last year, for example, we 
had a national conference. This year we are having the 11th International Conference whose 
theme is ά¢ƘŜ wƻƭŜ ƻŦ ǘƘŜ 9ƴƎƛƴŜŜǊǎ ƛƴ ŀŘŘǊŜǎǎƛƴƎ /ƭƛƳŀǘŜ /ƘŀƴƎŜΣ /ƘŀƭƭŜƴƎŜǎ ŀƴŘ 
Opportunitiesέ. 16 papers have been approved to compose the proceedings. 
 
This year, the Institution of Engineers Tanzania in collaboration with Eastern Africa Federation 
of Engineering Organisations is going to hold the 11th International Conference with a theme 
άThe Role of the Engineers in addressing Climate Change, Challenges and Opportunitiesέ. 
This theme has been chosen because Climate Change is a an International burning issue which 
calls for concerted efforts in order to address challenges and tape associated opportunities for  
Universal Sustainable Development (USD) of the United Nations Sustainable Development 
Goals. 
 
The Conference will discuss various initiatives which have been adopted to curb Climate 

Change effects for sustainable development. For example the Conference may wish to refer to 

the Paris Climate Accord which was signed by 195 Nations in December 2015 in order to cut 

down Green House Gas Emission (GHGE) by 26% by 2025 for which USD 3.0 billion was 

committed for poor countries to address the damages caused by Climate Change effects. 

Scientific evidence on global warming is equivocal with global temperature rise,  glacial 

retreat, decreased snow caps (Mount Kilimanjaro), sea level rise, declining sea ice and extreme 

occurrences leading to agriculture, infrastructure, fisheries, and ecosystems being 

compromised. Reversal system is required for positive results.    

 
 
 
SECRETARIAT 
 
Mr. Ipyana Moses 
Mrs. Violet Sailen Possy 
Mr. Amos R. Ndaro 
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0800 ð 1040 Opening Ceremony   

0800 ɀ 0900 Registration Conference Secretariat 
0900 ɀ 0910 Welcome Address IET President 
0910 ɀ 0925 Opening Address Chief Guest 
0925 ɀ 0945 Oath Taking   ERB Registrar  
0945 ɀ 1005  Presentation of Awards/Certificates  IET President & Chief Guest 
1005 ɀ 1015     Vote of Thanks ERB Chairman  
1015 ɀ 1025  Group photograph with the Chief Guest Conference Secretariat 
1025 ɀ 1040  Visiting Exhibitions All  
1040 ɀ 1100  Health Break  All  
1100 - 1245 Session 1:         Industry innovations, Infrastructure and Sustainable                             

                              Transportation   
Chairperson:  Eng. Vincent Ochwo , UIPE President  

 

1100 ɀ 1115 Addressing Climate Change Challenges and Opportunities                         Zahabu, E and Shirima, D - Tanzania  
1115 ɀ 1130  A Discussion On Issues Concerning flood Control And Mitigation Measures In Tanzania 

In View Of The Current Climatic Changes                                       
Eng. Noel K. Ngowi - Tanzania  

1130 ɀ 1145 Adapting the Impact of Climate Change on Gravel Roads Network By Otta Seal 
Technology                                                                                                                  

Eng.  Dr. Matiko S. Mturi  and Eng. Dr. 
Frank E. Ngoiya - Tanzania  

1145 - 1200 Geosynthetics for Road construction                                                            Meera Govender ɀ South Africa 
1200 - 1215 Development of Solar Powered Magnetic Wireless Sensor Node for Traffic Flow 

Monitoring                                                                                                                    
Haji S.  Fimbombaya, Ndyetabura Y. 
Hamisi, Hashimu I.  Uledi and Nerey H. 
Mvungi - Tanzania  

1215ɀ 1245 Discussion All 
1235 ɀ 1345 Lunch  Break  All 
1345 ɀ 1450 Session 2:           Renewable Resources, Industrialisation and Environmental  

                                 Sustainability  
Chairperson:   Eng. Prof. M.E. Kaseva, Professor, Ardhi Univesity 

 

1345 ɀ 1400 Investigating Controllable Load Models, Dynamics and Challenges in a Smart Grid 
System Appropriate to Tanzania Industrial Strategies                                 

Ndyetabura Y. Hamisi and 
Shamte J. Kawambwa - Tanzania  

1400 ɀ 1415 Preliminary Plant Design For Production Of Methanol From Local Natural Gas  G.D. Mrema, I. Sichone and S. Mahir 
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1415 ɀ 1430 Adaptation Strategies To Climate Change Induced Impacts On Mangrove Ecosystem: A 
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Luhuro, J. Kyasi, Agnes Nyomora and 
Vitalis A. Ndume - Tanzania  

1430 ɀ 1450 Discussions All 
1450 ɀ 1510 Health Break All 
1450 ɀ 1620 Session 3:          Engineering Management and Crossing Issues 1  

 Chairperson :  Eng. Prof. N. Lema, Chairman Engineers Registration Board   
 

1510 ɀ 1525 Assessment of Critical Success Factors that Contribute to the Total Quality Management 
in Construction Process: A case Study in Dar es Salaam City                    

Mwidini K. Kiombile and Vitalis A. Ndume 
- Tanzania  

1525 ɀ 1540 Implementation Of National Physical Addressing  And Postcode System To Support 
Product And Service Delivery In Tanzania                                       

Eng. Jampyon Mbugi - Tanzania  

1540ɀ 1555 Enriching Performance of Science in Secondary Schools using Mobile Learning: An 
environmental Perspective                                                                             

Ndume Vitalis, Mariather Songoro and 
Dalton Kisanga - Tanzania  

1555 - 1620 Discussion All 
1620 ɀ 1640 Presentation Sponsors  
1800 ɀ 2200  Conference Cocktail Party   

Day 2:            December 7,  2018 
0900 - 1100 Session 4:         Engineering Management and Crossing Issues 2  

Chairperson:   Eng. Bonny Rutembesa, Registrar  Institu tion of Engineers Rwanda   
 

0900 ɀ 0915  Institutional Legal Framework for Establishment and Practice of Engineers in Tanzania                                                                                                                       Eng Menye D. Manga - Tanzania  
0915 ɀ 0930 Law And Practice Of Arbitration In Tanzania A Brief Perspective For Engineers Eng Menye D. Manga - Tanzania  
0930 ɀ 0945  Building Climate Resilience into Improving Rural Access in Tanzania (IRAT)nProgramme: 

Climate Vulnerability and Risk Assessment (CVRA) on District Road in Bahi DC             
Eng. Kilaini Arnol,d Bijl Jan, Dr. Bater 
Richard, Eng.Jonathan Essex - Tanzania  

1045 ɀ 1045 Public Policy and The Role of Engineers in Addressing Climate Change Hon. Eng. Ramo Makani (MP) -Tanzania  
1045 ɀ 1100  Discussions All  
1100 ɀ 1130 Health Break All  
1130 ɀ 1200 EAFEO meeting / Presentation from sponsors EAFEO EXCo members/Sponsors  
1200 ɀ 1300  Session 5:       Recommendation and Observations  

Chairperson:  Eng. M. Kimaka   
 

1200 ɀ 1230 Rapporteurs Report  Engs. Kaseva,  Mugishagwe, Matola 

1230 ɀ 1300 Discussions All 
1300 ɀ 1310  Closing Remarks IET President 
1310 ɀ 1410  Lunch Break  
1410 ɀ 1510 Annual General Meeting  IET President  

Day 3:            December 8,  2018 
0830 - 1800 Visit to Ngorongoro Cr ater , Tarangire,Manyara National Parks, TBL Visit  Executive Secretary  
1800 END OF PROGRAMME IET President  
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ADDRESSING CLIMATE CHANGE CHALLENGES AND OP PORTUNITIES  
 

Zahabu, E and Shirima, D 

National Carbon Monitoring Centre (NCMC), Sokoine University of Agriculture,  

P.O. Box 3013 Morogoro, Tanzania 

 

ABSTRACT 

 

The impacts of climate change in Tanzania are already evident in almost all sectors of the economy. The 

magnitude of the impacts varies from sectors, but mostly affecting agricultural production, water availability, 

energy use, infrastructure, and various ecosystems. Forecasts also indicate increase in average temperatures 

with unpredictable rainfall of more volatile intensity hence extreme events such as sea level rise, changes in 

annual seasonal rainfall, floods and droughts. Climate change impacts across various sectors in Tanzania is 

complex and scale dependence, so both adaptation and mitigation measures require a strategic cross sectoral 

approach. In practice, technocrats and engineers have important role in designing and promoting 

technological innovations that are multi-sectoral in nature. The approaches may include for example 

construction of reservoirs that can respond to water resource demands from agriculture, power generation, 

flood control and domestic water supply and at the same time creating opportunities for new fisheries. 

Sustainable technologies for annexing renewable energy will reduce pressure to biomass energy and over 

dependency on forest sector, and at same time minimize greenhouse gases emission to the atmosphere. 

Nevertheless, Tanzania also require technological innovations on climate smart agriculture that will provide 

farmers with affordable equipment, farm machines and infrastructure, implements, production inputs 

intensification, storage and packaging equipment. 

 

 

1.0   INTRODUCTION  

 

Climate change is argued as an important global agenda, and projected to have severe consequences to human 

livelihoods, and the environment, which varies across regions. The increase in frequencies, duration or severity of 

extreme weather conditions associated with climate change could fundamentally alter not only ecosystems structures 

(Allen et al 2010), but also agriculture production, water resources and peopleôs life styles(Wheeler& Von 

Braun,2013). It is estimated that by 2025, around 5 billion people will be using more that 20% of their available 

resources on addressing climate change challenges, most of them living in countries experiencing water stress in the 

world, adding pressure on wellbeing (Arnell, 1999).  

 

In Tanzania, for the last 40 years the impacts of climate change are already evident in almost all sectors of the 

economy. Further, studies suggest increase in average temperatures (10C to 30C by the 2050s), with unpredictable 

rainfall of more volatile intensity hence extreme events such as sea level rise, changes in annual seasonal rainfall, 

floods and droughts (Hepworth, 2010).Climate variability has diminishing role in nearly all value chain in 

agriculture production, yet 90% of the country population economy depend on agriculture sector (Shemsanga, et al., 

2010). The magnitude of the impacts of climate variability varies from sectors, but mostly affecting agricultural 

production, water availability, energyuse, infrastructure, and various ecosystems. It is estimated that over 70% of all 

natural disasters in Tanzania are hydro-meteorological, and are linked to climate variability. Farmers experience 

erratic, unpredictable rainfall and changes in seasonality (Nelson & Stathers, 2009; Komba, & Muchapondwa, 

2012), and projections indicate large declines in cash crop production, e.g. decreases of 10 to 25% for maize in key 

production regions (Hepworth, 2010), making it difficult for farmers to cope with climate change (Paavola, 2008).  

 

Climate variability will also have potential economic impact; models indicate that the country will have its GDP 

reduced by U$ 6.67 billion (TZS 9.0 trillion) between 2009 and 2060 which is equivalent to annual loss of about $ 

0.13 billion (TZS 180 billion). For the agriculture sector alone, a loss value of about US$ 27 billion over the coming 

50 years is predicted due to climate variability, which is an annual average of about US$ 540 million (URT 2016).  

Recurrent drought has led to inadequate hydropower supply which is the major source of electricity in the country, 

leading into additional costs for power generation. The potential value of the losses due to energy production on the 

GDP is estimated to be US$ 1,320 mill by 2030, with an annual loss of about US$ 66 million. Moreover, recurrent 

flooding has major impact on settlements, irrigation and road infrastructures (Magadza, 2000). Temperature changes 

has lead to altered distribution of disease vectors such as mosquitoes, all highlight for need to develop adaptive 

strategies for extreme weather events management and mitigation (Paavola, 2008). 
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2.0 CLIMATE CHANGE IMPACTS AND OPPORTUNITIES IN TANZANIA  

 

Similar to other poor countries, Tanzania experiences impacts of climate changes due to relatively weak economy 

and low adaptive capacity, with severe effects on sectors such as agriculture, water, energy andforestry (URT, 2012; 

Mullally, et al., 2018).Nevertheless, Tanzania has ratified various multinational environmental agreements and taken 

numerous actions as her commitment to reduce the impacts of climate change (URT, 2012, 2017).  In this review, 

impacts of climate change and variability in various sectors and the roles of engineers in Tanzania to address 

challenges and opportunities in climate change are discussed.  

 

2.1 The impacts of climate change on agriculture and livestock 

 

The impacts of climate variability are expected to intensify the vulnerability of livestock and agricultural production 

systems. Agriculture and livestock sectors remain the major pillar of African economies, is the largest domestic 

producer across the continent, employing about 80% of the total labour force (Rust and Rust, 2013). Both sectors 

supply over 50% of household food requirements and household incomes, mostly from cereals and horticultural crop 

production, beef and dairy cattle, goats, sheep and chickens; making agriculture produces and livestock the main 

assets of the poor, yet highly vulnerable to climate variability and extremes (IFAD, 2010, Rust & Rust, 2013).  The 

number of climate-induced disasters has increased significantly over the last decade, with negative consequences on 

agriculture and livestock production in Africa (Schlenker, & Lobell, 2010). In Tanzania empirical data on rainfall 

suggest rainfall trends have declined by 3.3 % per decade since 1960 whereas mean maximum and minimum 

temperature increased by 1.05°C (Lema & Majule, 2008). Rise in temperatures and decline in rainfall have negative 

impacts on food production, energy and water supplies, as well as a decrease in the population health, particularly in 

rural households which represent the majority of the countryôs inhabitants (Maclean, 2009).  

 

According to FAO, (2017) for the last ten years, agriculture crops and livestock losses due to impacts of climate 

variabilities were estimated to be higher than USD 10 billion per year, with an increasing trend. These changes have 

affected crops and livestock in a number of ways resulting in reduced productivity, yet the agriculture sector absorbs 

about 22% of the total damage and losses caused by natural hazards like extreme weather events (FAO,2017). 

Agriculture and livestock sectors are therefore, mostly impacted by climate-related disasters such as floods, droughts 

and tropical storms i.e. over 80% of the damage and losses caused by drought goes to agriculture (FAO,2017). 

Similarly, disaster impact on agriculture has a direct effect on livelihoods and food security, particularly to 

vulnerable groups such as women, children and pastoralists who have limited access to employment, markets and 

public services. 

 

Attempts to mitigate the impacts of climate change on agriculture requires coordinated efforts to enhance 

preparedness, improved agricultural practices and investments on appropriate infrastructures. Such investment 

requires well designed irrigation systems, climate smart agricultural practices on water harvesting, post harvesting 

processing and storage facilities that are well adapted to climate variability. Others are road networks to enable 

transporting of agro-produces and input to and from the farms.  

 

2.2 The impacts of climate change on Marine and Aquatic systems 

 

Tanzaniaôs fisheries production has been in the range of 325,000 to 380,000 tonnes per annum for nearly a decade, 

with 85% is from inland fisheries, 14% from marine fisheries and just 1% from aquaculture (URT, 2016). Large 

proportion of the inland fish production come from Lake Victoria and Tanganyika(Christophe, & Damien, 2014), 

which are highly impacted by both climate variability and human activities. Studies have shown that the increased 

global temperatures have sharpened water density gradient between warmer surface water and cooler deep water 

which consequently has slowed vertical mixing and reduced primary productivity in Lake Tanganyika (Verburg et 

al., 2003, Allison et al., 2007). 

Overall fish catches have declined due to various factors such as destructive fishing practices, steady increase of 

fishing effort in the inshore zone and decline in fish due to adverse weather conditions. Although, Lake Tanganyika 

has been major source of pelagic fishery, producing nearly 25ï40% of the animal protein supply for the populations 

of the surrounding countries, its productivity has declined by nearly 30% in last decade (O'Reilly, et al., 2003). 

 

In addition, other factors such as post-harvest losses range from 25-50% of catches, due to ill-treating catches on 

board, poor processing facilities and practices and losses further up the marketing chain in transport and trade (van 

Hoof & Kraan, 2017). Based on these assisting evidence, the impacts of climate variability on aquatic ecosystems 

and associated human livelihoods are likely to be substantial. Projections simulation models show that climate 
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change would result in changes in primary productivity, shifts in distribution and changes in the potential yield of 

exploited marine species, resulting in impacts on the economics of fisheries (Sumaila, et al., 2011).  The climate 

variability has the potential to accelerate decline of marine and fresh water fish production, threatening food security 

and livelihoods of fisher folk and consumers who depend on fish for more than 20% of their dietary animal protein 

(Badjeck et al., 2010).  Poor infrastructure development especially in the artisanal sub-sector such as landing site 

facilities, poor processing capacity, storage and transportation facilities, increases production losses by nearly 20%.  

Improving fishing infrastructures at landing sites, fishing boats and mooring facilities will strengthen adaptation 

capacity and minimize the impacts associated with destruction from extreme weather events (Christophe & Damien, 

2014). 

 

2.3 The impacts of climate change on Forestry and Energy sectors 

 

Forest ecosystems are sensitive to changes in climate, which may also alter species composition. On one hand, about 

54.4% of the Tanzania mainland total land area of 88.3 million ha is covered with forest and woodlands, that provide 

for wildli fe habitat, unique natural ecosystems and biological diversity (URT, 2017).  However, according to the 

Tanzanian Forest Reference Emission Levels, the annual rate of forest loss is estimated to be 469,420 ha and the 

national annual wood deficit is 19.5 million m3 with annual demand and supply standing at 62.3 and 42.8 million m3 

(MNRT, 2015).  The potential impacts of climate change on forests are complex, especially under human 

disturbance. Although forest have slow rates of growth and have long life-times, playing crucial role in mitigating 

the impacts of climate changes, they face many threat and risks associated with extreme weather events and human 

disturbance making their flora and fauna diversity highly vulnerable.  

On the other had the energy sector in Tanzania is characterized large dependency on non-commercial energy, 

particularly biomass energy in form of firewood, charcoal and agricultural and animal residues. Studies suggest that 

biomass energy accounts for90% of total energy consumption in Tanzania, whereby over 80% of rural population 

rely on biomass energy for cooking and heating, while kerosene is used for lighting (URT, 2012, Mwampamba, 

2007). Sustainable technologies for annexing renewable energy will reduce pressure to biomass energy and over 

dependency on forest sector, and at same time minimize greenhouse gases emission to the atmosphere. 

One of the climate related challenge facing Tanzaniaôs electricity sector is that it is heavily dependent on 

hydropower, increasing uncertainty during the drought seasons. Thus, climate change will affect energy supply and 

demand. In year 2011, estimates suggested that on the supply side, hydropower provided 55% of the countryôs power 

generation, and has been affected heavily by drought events in last decade, reducing economic growth in drought 

years by more than 1% (Watkiss, et al., 2011).In view of this situation the government of Tanzania is seriously 

considering diversification of energy sources in order to get a secure and sustainable future power supply in the 

country (URT, 2012). Shortage of electricity as well as high electricity tariffs force people to use biomass energy, 

mostly from firewood and charcoal, resulting in deforestation. Unsustainable forest harvesting has resulted into 

reduced areas under intact forests, hence habitat fragmentation and biodiversity loss with negative impacts on 

biodiversity as well as increased carbon dioxide emissions. 

Unlike the other sectors, the energy sector still lacks a dedicated climate change strategy or plan, and limited 

coordination and collaboration with sectors (Pardoe, et al., 2018). These make it necessary for the forestry and 

energy sectors to integrate climate change and land use issues in its policies, plans and, more importantly, to 

integrate adaptation strategies in their management (Hall, 2009).  

 

3.0 CONCLUSIONS AND RECOMMENDATIONS  

 

Climate change impacts across various sectors in Tanzania is complex and scale dependence, so both adaptation and 

mitigation measures require a strategic approach. According to Pardoe, et al., (2018), there has been persistence call 

for between sectors coordination and collaborations in Tanzaniaôs policies and strategies over time suggests there is 

an ongoing recognized gap in collaborative and coordinated efforts in addressing climate changes.In practice, 

technocrats and engineers have important role in designing and promoting technological innovations that are multi-

sectoral in nature. For example, the country requires reservoirs that can respond to water resource demands from 

agriculture, power generation, flood control and domestic water supply and at the same time creating opportunities 

for new fisheries. Sustainable technologies for annexing renewable energy will reduce pressure to biomass energy 

and over dependency on forest sector, and at same time minimize greenhouse gases emission to the atmosphere.  

Nevertheless, Tanzania also require technological innovations smart agriculture that will provide farmers with 

affordable equipment, farm machines, implements, production inputs intensification, storage and packaging 

equipment.  Finally, addressing climate change impacts across sectors requires coordinated approach since the 

impacts of and responses to climate change are generally cross-sectoral. 
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ABSTRACT 

 

This paper discusses the issues affecting flood control and mitigation measures in Tanzania. The issues 

discussed, include lack of proper town planning, limitations for methodologies for flood estimations, 

Importance of cooperation between government Institutions dealing with water and Infrastructure 

Management. On the issue of town planning, the issue of lack of proper flood management planning is 

discussed. On methodologies for flood estimations, a discussion is made on Rational Formula and its 

limitations, the East African Flood Model and Limitations and applications of other methods such as 

statistical methods and obtaining information from experience of citizens who have lived in the vicinity of 

the proposed drainage structures. The paper discusses on the adequacy and relevancy of the methods 

available and provide conclusions and recommendations. The paper makes recommendations for 

improvements, which include Flood Management Plans to be developed during town planning, cooperation 

between Ministry dealing with water and Road Agencies to be enhanced, a study to for the purpose of 

updating and upgrading the TRRL East African Model for larger drainage structures and to take on board 

the currently available rainfall and runoff data considering the climatic changes. 

 

1.0 INTRODUCTION  

 

Protection against floods within rural and urban areas is a very important consideration to ensure safety of properties 

and human lives. The floods challenges in the world have been aggravated by land use and climate changes and 

requires measures both by individual governments and the globe as a whole. Tanzania has faced losses of lives and 

properties due to floods, both in urban and rural areas. It has been a custom for Dar es Salaam, which is the main 

commercial city of Tanzania to face flood problems almost every year.  Most Tanzanians have been blaming the lack 

of proper infrastructure instead of the main causer which is lack of proper and extensive planning. This paper 

discusses the main issues and propose the way forward. The paper also discusses on different methods for flood 

prediction in order to give a way forward for flood estimations and mitigation measures. The main questions which 

need to be answered on the topic is whether Tanzania as a country has made enough in order to be able predict and 

mitigate floods within the urban and rural areas to prevent losses of lives, infrastructures and properties. 

 

2.0 A  DISCUSSION ON THE ISSUES 

 

This chapter discusses the main issues affecting prediction and mitigation of floods within Tanzania. For the sake of 

this paper, the issues are divided into, town planning issues, Flood Prediction Methodologies and Issues regarding 

Cooperation between government Institutions dealing with the issues of Flooding. 

 

2.1  Town planning issues 

 

Flooding in urban areas in developing countries is aggravated by lack of proper town planning and lack of discipline 

in constructions in well planned areas. Tanzania is no exception on the issue. Floods have been witnessed to occur in 

urban and rural areas and also causing problems in Dar es Salaam, which is the main commercial city of Tanzania. 

By visiting the city it is easy to note low lying areas and rivers which should have been left free of construction to 

allow for drainage of water towards the sea, but have many buildings built in them, and therefore resulting into 

flooding of the city. Some of the areas are those surrounding the Msimbazi River and the Msasani Peninsula in Dar 

es Salaam. It is normally the practice of not involving infrastructure engineers in the town planning processes and 

therefore causing difficulty in the planning of the infrastructure which are flood free. Some of the developed 

countries have Flood Management Master Plans. However this is an unknown in many developing countries such as 
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Tanzania. For example the author worked as Project Manager for a contractor constructing roads in the Songea 

Municipality in Tanzania and had a problem in discharge of the water from the road to a nearby low lying area, 

which is near a river. In so doing contacted a leader responsible for the area.He however received no cooperation on 

the claim that the low lying area belonged to somebody, though it was not built yet. It was therefore necessary to 

carry the water to over 1.0km on side ditchesbefore being able to discharge the water to the same river at 

downstream location. 

 

According to Shahidiwa Maji, TaWaSaNET and Water Witness International, serious flooding has been causing 

widespread destruction of roads, houses, bridges and loss of life and especially in the years 2014 and 2015 in Dar es 

Salaam. During that flooding period, water entered 600 houses and 283 patients had to undergo treatment of 

waterborne disease. There is also serious pollution of the water through discharge of improperly treated sewerage 

and wastes from industries and especially textile industry. They finally recommend the responsible institution, which 

is National Environmental Management Council (NEMC) to take action to the polluters and develop Environmental 

Management Plan to the river. They finally recommend development of leadership, investment and clarity of 

responsibility in order to tackle the problem nationally. 

One example which can be emulated is the City of Boulder in Colorado ( U.S.A), where a Comprehensive Flood and 

Storm Water Master Plan , was made and approved in 2004. The Comprehensive Flood and Storm water Master 

Planwas defined as policy that guides flood management, storm water drainage (detention, retention and sewers), 

and storm water quality in the city. Updating of the Master Plan has been prompted by floods which occurred in 

2013 and currently it is being updated to include climate change considerations, making of ground water regulations, 

flood plain mapping and prioritization of projects (City of Boulder). 

Another example of Flood Master Plan is that developed by Derby City in U.K to improve interaction of the city 

with River Derwent passing in the mid of the city and to improve investments by minimizing flooding risk.  The 

master plan was based on a flood with a 1% chance of occurring each year and have a significant impact. The study 

was done in order to protect adjoining properties to the river and develop potential areas for investments, by 

enhancing protection against risk of flooding. 

Several protective measures proposed to improve protection and the situation within the City, include raising the 

walls protecting the river from flooding from 1.1m to 2 or 4m, building and raising embankments and contours and 

construction of parks along the river for recreational purposes, protection of ecology and wild life and protection of 

historic buildings. Installation of flood gates is also considered in the master plan. Other remedies considered are 

Proposed Defenses ï Walls and Buildings, landscaping and construction of sitting terraces for recreation purposes. 

According to Wikipedia other methods for control of flooding include construction of dams upstream of built up 

areas, construction of diversion canals for diverting of the floods and construction of self-closing water barriers. 

In view of the discussions above, it is possible to develop master plans for our Cities and Towns in Tanzania and to 

obtain proper interaction with rivers in our towns, starting with the MsimbaziRiver in Dar es Salaam. 

2.2 Methodologies for flood estimations  and limitations 

 

In order to be able to plan our towns, houses and infrastructures against flooding it is important for a country to do 

its homework on development of reliable methods for flood estimations and predictions. And therefore this paper try 

to discuss the available methodologies being applied for the purpose and discussing their limitations. 

 

2.2.1 Rational formula 

 

Rational Formula is the mostly used method for determination discharge by relating the design discharge to 

catchment area, rainfall intensity and runoff coefficient and can be used accurately to an area not greater than 80 

hectare which is equivalent to 0.8 km2. The rational formula for determination of design discharges is given by the 

formula 

 

https://www-static.bouldercolorado.gov/docs/comprehensive-flood-stormwater-utility-master-plan-1-201406101202.pdf
https://www-static.bouldercolorado.gov/docs/comprehensive-flood-stormwater-utility-master-plan-1-201406101202.pdf
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AICQ ³³=  

Where 

Q= Design Discharge 

C=Rational Coefficient 

I= Rainfall Intensity 

A= Catchment area 

 

2.2.2. TRRL East African Flood Model 

The TRRL East African Flood Model, was developed in 1972, after studying catchment Areas in Kenya and Uganda 

by a cooperation between the governments of Kenya, Uganda and U.K Transport and Road Research Laboratory 

(TRRL).This was based on a study of 13 catchment areas in Kenya and Uganda based on study of 4 years rainfall 

and runoff data to predict 10 years runoff storms. Other areas including the whole of Tanzania were included 

through establishment of similarities of the areas to the catchments studied. The procedures for determination of 

Design Discharges are summarized below: 

(a) Finding the catchment area , land slope and channel slope from topographic maps 

(b) Finding Lag Time K according to the Catchment type (from table 7 of the Report) 

(c)  Determination of the Contributing area coefficient by the formula 

 

LWSA CCCC ³³=  

Where CA=Contributing Area Coefficient 

CS=Standard Contributing Coefficient 

CW= Wetness factor, this depends on Rainfall zones obtained in Figure 14 and table 3 (of the Report) 

CL= Coefficient due lag time which depends on + vegetation cover adjacent to the stream 

These coefficients are obtained from tables 4, 5 and 6 respectively (of the Report) 

(d) Initial retention Y is assumed to be 5mm for west Uganda and Semi-Arid zones and 0mm for other 

zones. 

(e) Rainfall time (TP) obtained from Fig16 and Table 8 of the Report 

(f) Compute design rainfall storm to be allowed during time interval TB hours (P mm) 

(g) Find Volume of runoff 

( ) )(10 33 mAYPCRO A ³³-³=  

(h) Compute Average flow by 

BT

RO
Q

3600

93.0
=  

(i) Recalculate base time 

TAKTT PB ++= 3.2  

Where 

2
1

4
1
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SQ

L
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(j) Design Peak flow 

QFQ ³=  (D. Fiddes at al) 

Some of the shortcoming of the TRRL East African Flood Model 

a. Research was done in Kenya and Uganda alone and no any area of Tanzania was covered and depends 

on trying to establish the similarities of respective areas to those under the study. 

b. The research was carried on in 1966 and the elapsed time is big and there is likely to have great 

climatic change since the time of the study. J Smithers also cite the South African methods which need 

to be updated after being in service for more than 40 years 

c. The duration of the rainfall storm was only 4 years. 

d. The Design storm was developed for 10 years period, while minimum design period for culverts for 

Trunk Roads in Tanzania is 25 years for culverts and 50 years for Bridges 

e. It provides no room to use current rainfall data, such as rainfall intensity which is plenty and readily 

available from the Meteorology Agency of Tanzania 

f. The Discharges obtained are only relevant to small and medium catchment areas not more than 

200km2. 

 

2.2.3 River Gauging Methodologies 

Gauging of the rivers to determine discharges is normally done by the Ministry responsible for water supply. 

However, since information resulting from the river gauging activities is also required by other institutions like 

TANROADS and TARURA, it is important to share the information among the institutions. In order for the 

information to be shared and to be relevant to all, it is important of the institutions to meet and to agree on the type 

of information and location required by each institution so that it may be relevantto all the institutions. This can be 

executed by one institution and distributed to each to avoid duplication of the effort. 

 

2.2.4 Statistical Methods 

This is a method which takes use of available discharge and rainfall data to determine Design Discharge depending 

on available data and return period. This method can be effected, whereby there are available discharges for a 

significant number of years. It is however not possible to use this method due to lack of research to establish 

relationship between rainfall and runoff in the country. 

 

2.2.5 Experiences on the area 

This method works after obtaining Highest Water Levels by interviewing senior citizens who lived in the area for a 

long time. Discharge can therefore be obtained by finding cross section areas and wetted perimeters of the flow and 

computing the discharge using Manningôs formula. This has been the only method used for large catchment areas 

where Rational Formula and TRRL East African Model cannot be used. However it is possible to get misleading 

information due to the fact that the levels are not documented but depend on the person being interviewed. 

 

 

2.3 Issue of cooperation between  Government Institutions 

As discussed in 2.2.3 cooperation between the Ministry of Water and Road Agencies such as TANROADS and 

TARURA may facilitate discharge gauges in the rivers, whose data may not be very usefully for the Ministry of 

Water, but very useful for the Road Agencies. 
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3.0 CONCLUSIONS AND RECOMMENDATIONS  

 

(1) Tanzania as a nation has not done enough of development of flood estimations procedures and preparation of 

plans to control and mitigate planning within both the urban and rural areas 

(2) There is a need to introduce Drainage Management Plans to ensure control of floods in our towns and cities. 

(3) Town Planning should not done by town planners alone but should incorporate other experts and especially 

infrastructure experts to avoid flood conflicts within the plans  

(4) Separate master plans are important for main rivers crossing in our towns and cities and therefore highly 

recommended. 

(5) Upgrading of the East African Flood Model is important to ensure relevancy to our country and compliance 

with Environmental Changes. 

(6) Calibration of the TRRL East African Flood Model to comply with the return period of 25years and 50years 

and the Tanzanian conditions is important 

(7) Research on the Model is very important. 

(8) Cooperation of the Institutions dealing with floods management is  highly recommended 

(9) It is recommended for the Road Agencies to employ Hydrologists who willbe usefulin reviewing the studies 

made by the consulting Hydrologists during Bridge and Road Design Assignments. The Hydrologists can also 

develop databases and carry on researches for improvement of the flood estimation procedures. 

(10) It is important to prepare Flood Management Master Plans especially for Dar es Salaam 

(11) Consider rescue services for flood prone areas 
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ABSTRACT 

 

Unsealed roads constitute more than 90% of Tanzaniaôs total classified roads network of 88,258 kilometres. 

Accessibility on these roads is not guaranteed during rainy season due to deferred maintenance and being 

exacerbated by the impact by climate change. Between 2003and 2006, TANROADS constructed 16 road 

sections of variable lengths of between three (3) and 11 kilometres in 11 regions, using Otta seal technology for 

pilot studies. The objective of these studies was to look for means of constructing durable and cost effective all-

weather trafficable roads in the country. Initial results indicated that most sections performed well at cheaper 

cost on average when compared with the traditional double surface treatment.  Similarly recent evaluation of 

eight (8) out of 16 trial sections shows that most of them continued to perform well with minimum maintenance 

requirements for more than 11 years after construction. To-date all but one trial road section have been 

resealed or reconstructed under new road projects.  Detailed examination of construction, maintenance and 

performance of the only trial road section which has not been resealed is reported in this paper to show that 

indeed Otta seal technology can be adapted to counteract the negative impact of climate change on Tanzaniaôs 

road network while gradually replacing unpaved road network in the country.  

 

1.0  INTRODUCTION  

Tanzania has a classified road network of 88,258 kilometres, comprised of trunk, regional, district, urban and feeder 

roads. The trunk and regional roads with a total length of about 36,257.97 km., constitute the National Road 

Network which is managed by Tanzania National Roads Agency (TANROADS),which is a Government Agency 

under the Ministry of Works, Transport and Communication. Trunk roads have a total length of12,222.24 km., out of 

which7,806.73 km. or64% are paved while regional roads have a total length of 24,035.74 km out of which 1,457.84 

km. or 6% are paved. The remaining road networks are classified as district, urban and feeder roads have a total 

length of 52,000 km., out of which 2,502.59 km. or 4.8%arepaved. Responsibility for managing this network is 

mandated to Tanzania Rural and Urban Roads Agency (TARURA) under Presidentôs Office - Regional 

Administration and Local Governments.  

 

The year-round accessibility of the unpaved roads which account for about 90% of the classified roads network are 

not guaranteed during rainy seasons due to shortage of funds to undertake the required maintenance activities. This 

situation is aggravated by climate change impact on roads. As a result, deterioration of gravel roads due to high rate 

of dust emission in the dry season coupled with intermittent flash floods effect on sub grade material sex acerbates 

the challenge of mobility constraints in rural areas of the country. Besides, the non-renewable good gravel material 

sources which are continuously being depleted, lead to the use of unreliable and unsuitable gravel materials to 

construct gravel road pavements of inferior quality. All these impediments could be ameliorated though the selection 

of appropriate road surface treatments. 

 

Between 2003 and 2006, the Tanzania National Roads Agency (TANROADS) carried out pilot study which 

involved construction of 16 trial road sections of lengths between three (3) and 11 kilometre stretches in 11 regions, 

using Otta seal technology.  The objective of the study was to look for means of constructing durable and cost 

effective all-weather trafficable roads in the country. This paper presents evaluation results of eight (8) out of 16 trial 

road sections to show that most of the trial sections have continued to perform well with minimum maintenance 

requirement for almost 10 years after construction.  Currently most of these sections have been resealed or 

reconstructed under newly designed road construction projects. The only remaining trial road section which has not 

been resealed is the 11kilometres long Kyetema-Kanazi-Kanyinyaroad in Kagera Region which was constructed in 

2005-2006. The section is still performing well to-date, 11 years after it was constructed. 

 

Detailed examination of this road is reported in this paper to show that indeed under good subgrade materials, 

suitable drainage conditions, good gravel materials coupled with good engineering judgment and construction 

workmanship, Otta seal technology can be adapted to gradually replace unpaved roads network in the country. Such 
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measures will counteract the negative impact of climate change on Tanzaniaôs road networks, while ensuring 

improved rural accessibility and prosperity of majority of Tanzaniaôs population whose livelihood depends on 

agriculture. Following this introduction, Section Two elucidates technical aspects of climate change impact on roads 

infrastructure followed by description of measures of adapting gravel roads to vagaries of climate change in Section 

Three. Section Four elaborates on how the recently released Low Volume Roads Manual by the Ministry of Works, 

Transport and Communication is a useful tool to be used by Engineers for implementing Otta seal paved roads in the 

country. Section Five dwells briefly on experience of implementing Otta seal pilot road projects in Tanzania 

followed by Section Six which describes a case study of Kyetema-Kanyinya pilot road project which is the only road 

out of the eight studied pilot projects which has not been resealed. Finally a conclusion is drawn in Section Seven 

and recommendations are presented in Section Eight. 

 

2.0 IMPACT OF CLIMATE CHANGE ON ROADS INFRASTRUCTURE  

2.1 Cost of Emergency Repair of Roads Damaged by Floods 

One of the targets of Climate Sustainable Development Initiative for Goal No. 13 of the United Nations 

Development Goals is to strengthen resilience and adaptive capacity to climate-related hazards and natural disasters 

in all countries (UNDP, 2015).Adaptive measures to climate change impact on road transport is important for 

safeguarding the large unpaved roads in Tanzania comprised of  district and feeder roads, regional and a signiýcant 

proportion of the trunk roads. These roads are prone to accessibility disruptions and deterioration to poor state 

conditions due to climate change. Already, Tanzania is counteracting the impact of climate change in the roads sub-

sector in which Tanzania National Roads Agency (TANROADS) and TARURA, then the Local Government 

Authorities, have reported to have spent huge amounts of money to cater for emergency road repairs (RFB, 

2017).Both agencies spent a total of Tanzanian Shillings 9,171.15 million and 26,435 million for the financial years 

2012/13and 2015/16 respectively to reinstate the countryôs roads network to normal conditions after the rain seasons.  

Such undertaking means that the climate change effect on the roads infrastructure puts astrain on the Governmentôs 

tight budget as well as negatively impacting the livelihood of the majority of people who live and work in the rural 

areas. The rural population need reliable access to services, healthcare, education, and markets to improve their 

livelihood and prosperity(IRF, 2009).Reliability of rural access can be attained through a range of alternative 

surfacing and paving options, proven to have worked well in various countries to provide appropriate, economical 

and sustainable accessibility in the country. Suitability will depend on local circumstances considering an 

appropriate use of the available gravel materials (Øverby & Pinard, 2007).  

2.2 Susceptibility of Gravel Roads to Climate Change 

2.2.1 Extent of Gravel Loss from Gravel Roads 

Consideration of alternative surfacing and paving of gravel roads is a result of years of experience in dealing with 

the challenging performance of gravel roads especially when subjected to vagaries of climate change. Gravel roads 

or engineered gravel roads are those roads whose top surface is constructed using any naturally occurring granular 

materials, designed and built to engineering specifications. In dealing with effects of rainfall, most gravel road 

design guidelines and network management models strongly recommend an appropriate maintenance regime that 

includes both grading and periodic re-gravelling in order to correct road surface minor defects and maintain the cross 

fall within the range 3 ï 7% to shed rainwater. However due to funding and organisational constraints, this activity is 

seldom achieved leading to occurrence of surface pounding of water which accelerates road deterioration in the form 

of potholes, ruts and loss of gravel materials (Cook & Petts, 2005). Although gravel is a low costroad construction 

material, the high maintenance frequency requirement of gravel road surface is a key for sustainability of gravel 

roads(TRL, 1984).Even with the advantage of having lower construction and maintenance costs while requiring less 

equipment and labouring experience (Mwaipungu & Allopi, 2014), the fact that gravel is a sacrificial layer of which 

the amount being depleted annually is high, makes gravel roads unsustainable in the long term.  

Research conducted through trial road sections in Kenya by the Transport and Roads Research Laboratory (TRL, 

1984), found out that deterioration of gravel roads can be measured and quantified in terms of gravel loss of the 

wearing course, surface roughness, depth of loose surface material and rut depths. Gravel material loss mechanism 

which is mainly attributed by climate change, ultimately leads to permanent damage of the road. It has been 

determined that gravel roads lose gravel at  rates per annum typically of the order of 30-50 mm thickness, depending 

on such factors as climate, traffic, and terrain. As such, without re-gravelling, the entire 150mm thick gravel layer 

could be lost within 3-5 years (Øverby & Pinard, 2007). Furthermore research carried out to compare the cost of 

construction and maintenance of six sealed pavement sections on a hilly terrain of a feeder road in Ghana, found out 

that based on total life-cycle cost analysis, gravel wearing course was by far more expensive than all of the sealed 
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pavement alternatives including the most expensive hot-mix asphalt concrete pavement(Anochie-Boateng et. al., 

2017).In fact when rainfall is greater than 2,000mm per annum and the road gradient is higher than 4%, gravel loss 

and erosion are likely to be unsustainable(TRL, 1984). 

2.2.2 Factors Affecting Gravel Erodibility 

Gravel loss is primarily a factor of three components, namely gravel erodibility, road slope and rainfall. The first 

factor is characterised by gravel material physical properties, mostly particle size distributions, stability of the 

grading, plasticity values, organic content, permeability of the structure, mineral content and the initial compaction 

of the material. The second factor concerns the effect of roadôs slope on the gravelôs ability to resist erosion. This is 

largely governed by the road drainage system and particularly the longitudinal and transverse alignment. 

Longitudinal gullies along the surface of steep roads with gradients higher than about four per cent are the major 

characteristic of erosion of gravel roads and this is especially the case in high rainfall areas. Finally the rainfall factor 

is a value used to describe the capacity of localised rainfall to erode gravel from an unprotected road surface.  

Studies have also indicated that when other factors are constant, gravel losses due to storm water are directly 

proportional to the product of two rainstorm characteristics, namely the total kinetic energy of the storm and its 

maximum 30 minute intensity.  Generally, parametric prediction of gravel loss, also include the effects of traffic on 

the gravel wearing course as the interaction between traffic and rainfall contributes significantly to the loss of gravel 

material from the road. One other important finding in the TRL research was from two pilot experiments designed to 

study the effect of climate on the deterioration of unpaved roads in isolation from other parameters. Results of this 

study found out that gravel loss per annum was between 4.3 and 7.5 mm respectively. These figures imply that the 

eroding effect of rainfall alone is quite high (TRL, 1984). 

The foregoing limitations of gravel roads have compelled road agencies to look for bituminous surfacing materials 

which should be impervious to prevent ingress of water into water sensitive gravel base materials. Concurrently the 

surfacing materials should preferably be cheap and easy to execute anywhere in the country, utilize locally available 

screened natural gravel aggregates and be very flexible, durable and easy to maintain (Øverby, 1999). 

3.0 ADAPTATION OF GRAVEL ROA DS TO CLIMATE CHANGE  

3.1 Functions of Bituminous Seal 

The most common ways of adapting gravel roads to vagaries of climate change is by providing bituminous surfacing 

over designed natural gravel base course. Bituminous surfacing performs a number of functions that offer many 

advantages over unpaved roads. Major functions of the bituminous surfacing is to provide durable and impervious 

surface which seals and protects the pavement layers from moisture penetration which weakens the pavement 

strength. Besides bituminous surfacing provides a skid-resistant surface which can resist the abrasive and disruptive 

forces of traffic and the environment. Despite the more traditional types of surfacing including chip seals, slurry 

seals  and sand seals  which offer many advantages over unsealed roads, one type of surfacing that has generally 

proven to be more cost-effective for low volume roads is the Otta seal (Øverby & Pinard, 2007). 

3.2   Otta Seal Road Surfacing 

The adoption of Otta seal roads in many countries is a result of empirical approach that is based on experience in the 

selection and application of both soft binder and graded gravel aggregates placed on top of a hard clean granular 

road base. This particular type of bituminous surface treatment was originally developed by the Norwegian Road 

Research Laboratory (NRRL) in the early 1960s.  It derives its name from the location in Norway where it was 

developed - the Otta Valley. Service life and performance of Otta seal depend largely on local conditions in relation 

to climate conditions and availability of suitable gravel materials. Construction of Otta seal roads is similar in 

principle to that of a conventional bituminous surface treatment. HoweverOtta seals differ in many respects from 

traditional bituminous surface treatments in relation to such factors as aggregate quality, binder type, design and 

construction which are less stringent than traditional surfacing. 

By virtue of these differences, Otta sealroads offer a number of important advantages over traditional surface 

treatments used for Low Volume Roads, including an ability to tolerate the use of relatively inferior aggregates, such 

as screened gravel rather than crushed rock without impairment of the performance of the surfacing. Furthermore 

Otta seals provide an enhanced durability that is better able to combat high solar radiation that causes rapid ageing 

and hardening of the binder and consequent degradation of the surfacing. Also Otta seal has a scope for utilising 

labour-based methods in many aspects of its construction and a favourable life-cycle cost-benefit ratio than the more 

commonly used seals, such as the chip seal (Visser, 2012). 
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The credibility of Otta seal technology has led to development of guidelines for the use of Otta seal Technology on 

Low Volume Roads which are now available to guide practitioners in the design of Otta seals roads. However 

Mfinanga & Mwakyami,(2008) have determined that the criterion for defining a Low-volume Sealed Roads 

(LVSRs) varies significantly in various parts of the world. In the SADC region for instance, LVSRs typically carry 

less than 200 vpd including up to 20% commercial vehicles and often include NMT, particularly near populated 

areas.  In addressing the challenge they carried out traffic loading analysis to show that LVSR can accommodate up 

to 400 vehicles per day (vpd) for a design life of 15 years, while about 200 vpd can be accommodated for 20 years 

design life with traffic consisting of 20% medium goods vehicle. Furthermore they also found that Otta seal and 

traditional surface dressing were cheaper options for sealing LVSRs, with Otta seal being the cheapest.  

4.0  TANZANIAôS LOW VOLUME ROADS MANUAL 

4.1  Definition and Characteristics of Low Volume Roads 

New approaches, appropriate for the provision of Low-Volume Sealed Roads (LVSRs) in Tanzania have been 

developed into a Manual by the Ministry of Works, Transport and Communication. The Manual is intended to assist 

engineers improve road transport efficiency by using climate adaptive measures in order to attain broader goals of 

socio-economic growth, development and poverty alleviation in a cost effective, environmentally optimized and 

sustainable manner. The Manual considers that Low Volume Roads comprise more than 75% of the road network in 

Tanzania which serves more than 80% of the population whose livelihood depend on agriculture(MoWTC, 2016). 

In this regard,Low-Volume Roads (LVRs) are defined as those roads which, over their design life, are required to 

carry an average of about 300 motor vehicles per day, and less than about 1.0 million equivalent standard axles 

(MESA) in one direction.  Among the key characteristics of Low Volume Roads in relation to climate change which 

affects the manner in which they are constructed include using naturally-occurring, often ñnon-standardò, moisture-

sensitive materials. In this case, pavement deterioration is driven primarily by environmental factors, particularly 

moisture, and drainage being of paramount importance. Traffic loading is a relatively lesser influential factor while 

invariably, environmental and sustainability factors are important components of economic analysis and life-cycle 

costing (MoWTC, 2016). 

4.2    Structural Design of Pavement Layers for Low Volume Roads 

The structural design of pavement layers for Low Volume Roads using locally available materials considers that 

most such materials are non-standard owing to the fact that they do not meet the standard specifications found in 

most design manuals. Hence the appropriate structural designs associated with non-standard materials differ from 

those used for conventional higher class roads. The design has to ensure that it meets the main objective of providing 

suitable structural layers in a pavement structure which is to distribute the loads applied by traffic without causing 

excessive strains within the materials themselves or overstressing the in situ subgrade conditions (Ngoiya & Mills, 

1995).As such, among the design methods adapted is to consider prevention as much as possible the ingress of 

moisture into the pavement materials and to make maximum use of the local in situ materials on existing roads and 

any compaction that might have occurred from previous trafficking (MoWTC, 2016).  

4.3   Design of Otta Seal Surfacing 

The Otta seal surfacing is a thin flexible bituminous layer designed to produce a durable and waterproof seal with no 

significant structural strength. It relies to a varying extent on a combination of mechanical particle interlock and the 

binding effect of bitumen for their strength. Hence Otta seal design is an empirical approach which relies on 

guidelines and trial design on site. It is prone to changes during construction depending on project specific factors 

such as traffic volume, climate and the available type and quality of materials. As such the design approach is 

generic with the objective of presenting typical binder and aggregates application rates for planning purposes. 

4.3.1 Specifications of Aggregates for Otta Seal Surfacing 

The grading of the aggregate for Otta seal should fall within, and should desirably be parallel to the grading 

envelopes shown in Table 1. The preferred maximum size of aggregates is 16 mm although 19 mm can be tolerated 

for Double Otta Seal, and the maximum amount of fines (material passing the 0.075 mm sieve) should preferably not 

exceed 10% (MoWCT, 2016).  The aggregates should also comply with 10 Percent Fines Crushing Test (10%FACT) 

which the specified minimum value of 90kN for Average Annual Daily Traffic of less than 100 vehicles per day 

(vpd) and minimum value of 110 kN for AADT > 100vpd are recommended. 
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Table 1: Alternative Otta Seal Grading Requirements 

 

AASHTO 

Sieve size 

   (mm) 

Preferred Open Grading AADT 

< 100 

Preferred Medium 

Grading AADT>100 

Preferred Medium 

Grading AADT>100 

(% Passing) (% Passing) (% Passing) 

20 100 100 100 

14 60-82 68-94 84-100 

10 36-58 44-73 70-98 

5 10-30 19-42 44-70 

2 0-8 3-18 20-44 

1.18 0-5 1-14 15-38 

0.425 0-2 0-6 7-25 

0.075 0-1 0-2 3-10 

Source: MoWTC, 2016 

Table 1 shows that the amount of fines passing 0.075mm sieve for open grading and Average Annual Daily Traffic 

of less than 100 vehicles per day (AADT < 100vpd) is limited to maximum value of 1% while fines can range from  

2-10% for the two medium grading envelops for AADT> 100 vehicles per day. 

 

4.3.2  Specifications of Binder for Otta Seal Surfacing 

On binder selection, Medium Curing 3000 (MC 3000) and MC 800 cutback bitumen are the most common and 

suitable binders used in the Otta Seals. The application rate for Double OttaSeal is specified to be between 1.6 and 

1.8litres/m2 for both open and medium grading and between 1.7 and 2.0litres/m2 for dense grading whereby the 

application rate for the first layer is higher than that for the second layer (MoWTC, 2016).  

 

The Low Volume Roads Manual is an invaluable resource which offers engineers and other practitioners a guide on 

how they can judiciously use naturally occurring gravel materials coupled with experience in road works to 

successfully implement Otta seal technology for surfacing of low volume roads in Tanzania.  Already the 

competence of TANROADS engineers has been demonstrated from the results of evaluation of performance of eight 

pilot road projects constructed with Double Otta Seal surfacing in six regions in the country more than a decade ago. 

5.0 EXPERIENCE OF IMPLEMENTATION OF OTTA SEAL ROADS IN TANZANIA  

Between 2002 and 2006, TANROADS constructed sixteen (16) pilot road projects on regional roads in different 

soils and climatic conditions in 11 regions in Tanzania, using both Single and Double Otta Seal surfacing. Recent 

evaluation of eight (8) double Otta Seal pilot projects implemented in six (6) regions namely Kagera, Geita, 

Mwanza, Mtwara, Morogoro and Dodoma, indicates that most of them continued to perform well with minimum 

maintenance requirements for almost 10 years after construction before they were resealed. Details of the projects 

are shown in Table 2. 
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Table 2: Details of Otta Seal Pilot Projects Constructed in Tanzania between 2002 and 2006 

S/No Road Name Region Target 

Length 

(Km) 

Age of Otta 

seal at 

resealing (Yrs) 

Subgrade 

material 

Pavement 

type 

Cost per kmof 

Double Otta Seals 

(USD) 

1. Kyetema-Kanazi-

Kanyinya 

Kagera 10 Not resealed Lateritic 

soil 
Natural 

gravel 

59,514 

2 Omugakorongo-

Nyakahanga 

Kagera 10 14 Lateritic 

soil 

Natural 

gravel 

71,605 

3 Chato Junction-

Chato Ginnery 

Geita 4 11 Lateritic 

soil 

Natural 

gravel 

64,752 

4. Nansio-Bulamba Mwanza 5 10 Lateritic 

soil 

Natural 

gravel 

127,538 

5. Mpeta-Lupaso Mtwara 8 9 Lateritic 

soil 

Natural 

gravel 

57,354 

6. Mikumi-Ifakara Morogoro 11 13 Lateritic 

soil 

Natural 

gravel 

139,746 

7. Bigwa-Kisaki Morogoro 6.2 11 Lateritic 

soil 

Natural 

gravel 

80,596 

8. Wajenzi-Mnadani Dodoma 3 12 Sandy 

silt 

cement 

stabilised 

gravel 

140,122 

 TOTAL/  

AVERAGE  

 57.2 11.4   89,580 

Source: Adapted from Nyamhanga, 2014 

Table 2 indicates that the average cost per kilometre in carrying out double Otta seal road classified as regional road, 

including preliminary and general items, preparation of natural gravel base course, minor drainage works, 

application of double Otta Seals and application of double surface dressing on steep gradients where applicable, is 

about USD 89,580. This cost was found to be cheaper compared to the cost of USD 99,845 used in construction of 

similar roads but using conventional single surface dressing on low volume regional and urban roads constructed in 

Kagera, Rukwa and Katavi regions in Tanzania (Nyamhanga, 2014).  

Also Table 2shows that materials used for construction of the seven pilot projects is naturally occurring gravel base 

course materials constructed on lateritic subgrade soil. The base course for Wajenzi ï Mnadani project is different 

because it is constructed with Ordinary Portland Cement stabilized natural occurring gravel on sandy silt subgrade. 

On durability aspect, it is shown that all pilot projects performed well with average life of 11 years before they were 

resealed. One exception is the 11 years old Kyetema-Kanazi-Kanyinya pilot road project which has not been 

resealed but is still performing well to-date.Details of its construction process and its current condition are elaborated 

in the following Section.  

6.0 DETAILS OF CONSTRUCTION AND STATUS OF PERFORMANCE OF KYETEMA ïKANYINYA 

ROAD 

6.1   Project Description 

Details of the project for pilot double Otta seal of Kyetema-Kanyinya road were provided by the Regional 

TANROADS Manager for Kagera Region and complemented by the TANROADS Central Materials Laboratory. 

Findings indicate that Kyetema-Kanyinyaroad is a 11 kilometre long road project constructed in a wet climatic 

condition area with annual rainfall of between 1250 and 1750mm per year. The road is located about 15.4 kilometres 

South West of Bukoba Municipality (Appendix 1). The project commenced in 2005as a trial section but also 

concurrently as an opportunity to protect the newly rehabilitated regional road from calamities of wet climate. The 

road carries a relatively low traffic volume, and had been rehabilitated to engineered gravel road standard in 2002 

through the Kagera Agricultural and Environmental Management Project (KAEMP)financed by the World Bank. 

 

 



11th   International Conference, December 6 - 8, 2018, Naura Springs Hotel Arusha, Tanzania 

 

ñThe Role of the Engineers in addressing Climate Change, Challenges and Opportu nities ȱ | 17  

6.2     Road Bed Preparation 

 

Design for application of double Otta seal was carried out in 2002 as per the Ministry of Works Pavement and 

Materials Design Manual,(1999) immediately after completion of KAEMP project. Construction work commenced 

in 2005 following important initial preparatory stepsnecessary for successful implementation of the pilot project as 

follows: 

(i) It was important to ensure that existing drainage of the road was performing well bycle aning, repairing 

damaged pipe culverts and drains as well as lining ditches on steep gradient sections of the road before 

sealing operation so as to prevent storm water from pounding next to the road. Also for some culverts which 

had been destroyed by heavy trucks that had used Kyetema-Kanyinya Road as a diversion road during 

construction of Mutukula-Bukoba-Muhutwe road were replaced; 

(ii)  Spot gravelling with minimum G45 naturally occurring gravel base course materials was placed and 

compacted to 95% of Maximum Dry Density (MDD) at locations where the gravel surface had deteriorated or 

worn out followed bylight reshaping to ensure attainment of a cross fall of 3% for carriageway adjusted to 

uniform width of 6.0 metres. It was observed that having at least 6.0metreof road width is necessary in order 

to obtain a stable working platform for effective compaction. Furthermore an assessment of the degree of 

compaction and the strength of base course was carried out along the road sections at intervals of about 500m 

while concurrently sampling of alignment materials and testing for CBR and indicator tests such as Plasticity 

Index (PI), Linear Shrinkage (LS) and grading. These tests were important to be performed before the sealing 

operation inconsideration that Otta seals do not add structural capacity to the roadway; 

(iii)  The gravel road base surface was cleaned by air compressor and hand brooms to remove loose gravel, dust, 

animal manure, leaves, grass and all other rubbish. The surface was then slightly sprinkled with water in order 

to moisten and break the surface tension so as to prevent dust balling as is normal practice when spraying 

directly on the base course. Further preparations involved marking of the line to guide the bitumen distributor 

operator to spray in accordance to plan. 

6.3 Preparation of Otta Sealing Materials 

6.3.1    Aggregates 

Aggregates for the Otta seal application were excavated manually by labourers crew from the same borrow pits 

where gravel class G45 or above for base course materials was excavated. Borrow pit materials were then tested for 

plasticity, grading properties and 10% fines value (TFV) test on three samples taken from each hip at all borrow pits 

in order to verify conformity to requirements prior to screening.   Labour based screening was performed using 

19mm and 5mm sieves so that all aggregate materials passed 19mm sieve and were retained on 5mm sieve. Hand 

screening method involvedtwo labourers facing each other while holding wooden handles from opposite sides of a 

rectangular timber box fitted with sieves to receive gravel materials for shaking to produce materials of acceptable 

grading.  Additionally it was possible to use small locally fabricated power screens to screen gravel materials to 

produce aggregates for surfacing which fits well in the open to medium grading envelopes. Application rate was 

specified to be 0.015 to 0.017 m3/m2,and was spread mechanically by a chip spreader. 

6.3.2   Bitumen 

Normally, Otta seal surfacing design does not require priming. Medium Curing 3000 cutback bitumen (MC 3000) 

was prepared by cutting back 150/200 penetration grade bitumen binder using 8% kerosene and an anti-stripping 

agent, 0.5% to 0.8% by weight of bitumen and was applied at a rate of 1.8litres /m2. The spray rate was high in order 

to ensure that the binder worked its way into the aggregates with rolling and by traffic while allowing sufficient time 

between the first and second Otta seal. 

6.4 Application of Otta Seal 

Uniformity of the surface was maintained by minimizing the number of transverse joints so that a minimum length 

of one pull of spraying bitumen and spreading gravel materials was maintained at 200m. This was possible 

considering the capacity of the available bitumen sprayer was 3000liters. Furthermore for successful sealing 

operation, the plant, personnel and other logistics were kept in place before the bitumen distributor started spraying 

the bitumen. The following ñoperational set-upò was adhered to by ensuring that the bitumen distributor was lined up 

correctly including checking bitumen temperature, taking dipstick reading and all spray nozzles tested to ensure they 

were working properly.Thechip spreader and filling truck were all filled full with aggregates and lined up correctly 

followed by abackup team with minimum of two wheel barrows and labourers to ensure that exposed bitumen was 

covered prior to rolling with pneumatic rollers covering the full sealed half width in one pass.  
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In order to achieve adequate compaction, the Otta seal layer received at least 20 passes of pneumatic tyre roller for 

the first day and at least 20 passes daily for the next four days. These were followed by a single pass of 12 ton static 

tandem steel drum roller to improve embedment of the larger aggregates. Treatment of the transverse and 

longitudinal joints was strictly observed such that as soon as a 150 mmlongitudinal overlap joint was constructed, a 

static steel roller followed immediately after the chip spreader and before the pneumatic roller. Other operational 

guidelines included observing that weather conditions were hot during the sealing operation. 

 On the steep gradient section of 1.5 km long, the first and second double surface dressing was applied. This 

specification considered that application of Otta Seal is rather impractical on steep slope road sections due to the 

difficulty of spraying the low viscosity binder (soft binder) in large quantities without running-off along the road 

gradient.  

6.5 Monitoring and Caring of Otta Seal after Application 

The manner in which Otta Seal matures requires after care consideration during the next 4 weeks, and in certain 

cases may take longer. For Kyetema-Kanazi-Kanyinya road, due to very low traffic volume on Kanazi-Kanyinya 

section of this road, curing of the first Otta Seal took more than 6 months. Traffic speed was restricted to 20km/hr 

for the first five days followed by 40km/hr speed thereafter in order to protect the newly laid aggregates from ñwhip-

offò or being picked off the road by tyres of speeding traffic. During this period the dislodged and displaced 

aggregates were broomed back three times daily for the first 10 consecutive days and once daily for the next four (4) 

weeks in order to allow maximum amounts of aggregate particles to be embedded into the soft binder. Due to the 

extended curing period of six months, it became necessary to terminate the contract for employerôs convenience and 

later on engage another contractor to apply the second Otta Seal which was applied in 2007. 

6.6 Challenges Encountered during Construction and Maintenance 

During construction operation it was observed that selection of suitable gravel material for screening was not an easy 

task and even the screening exercise proved to be  tedious especially the requirement for ensuring that the gravel 

materials were dry enough to allow the screening process to be successful. Similarly the process of cutting back 

150/200 penetration grade bitumen binder using 8% kerosene needed to be closely controlled so as to yield the 

required viscosity at the required temperature by varying the percentage amount of kerosene used.  

6.7 Current Condition of the Road 

Recent inspection of Kyetema-Kanyinya road found out that  the Otta seal section and the 1.5 km of double surface 

treatment section are both in good condition except for very few emerging potholes, ruts and ant-hills. The distressed 

sections were caused by occasional heavy truck traffic, whilesevere damage occurred after the heavy rainfall of 2017 

which washed away a culvert along Bukoba ï Muleba Trunk road, thereby forcing the heavy traffic from the trunk 

road to be diverted to the Kyetema -Kanyinya road. Such a situation calls for control of traffic using the low volume 

paved road by not allowing diverted heavy traffic from trunk roads to use the road unless there is no other alternative 

way to divert the traffic. Despite the challenges, damages induced by the heavy traffic were immediately repaired 

and the road is still intact as shown in the recent taken pictures bellow. 

              

Figure 2: Kyetema-KanyinyaOttaseal  surface              Figure 3: Comparison ofKyetema -Kanyinya road at a  

in good condition 11 years after construction at km. 2.4          junction with unsealed feeder road showing gully erosion 
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Figure 4: Damaged pipe culvert along Kyetema- Kanyinya Figure 5: Kyetema-Kanyinya showing good Otta seal    

Road due to heavy diverted traffic     surface 11 years after  construction at Km.6  

 

7.0 CONCLUSION  

(1) One method to adapt to effects of climate change on roads transport in Tanzania, is the use of Otta Seal 

technology to gradually protect the unsealed roads network in Tanzania from vagaries of climate change; 

(2) Pilot road projects constructed with Otta Seal technology as demonstrated in projects executed in six regions 

in Tanzania have shown that despite the challenges encountered, Otta seals are more cost-effective compared 

to other surface dressing options for countering the effects of climate change on road transport, 

(3) Although gravel roads are easiest and less costly way of providing early rural accessibility, their 

sustainability is not guaranteed in the long term because of their sensitivity to climate change coupled with 

inadequate maintenance while considering that substantial quantities of gravel which is a non-renewable 

source, are lost annually. 

(4) With the exceptions of few damaged areas due to heavy diverted traffic, the Kyetema-Kanyinya road which 

was constructed with Otta seal technology 11 years ago is still performing excellently despite being located 

in a wet climate zone. 

8.0  RECOMMEND ATIONS 

(1) Road Agencies in the country are encouraged to use experience on Otta Seal technology gained from pilot 

Otta Sea projects in Tanzania to introduce large-scale Otta Seal application on road network under their 

responsibility in order to minimise the loses caused by climate change while improving accessibility, 

livelihood and prosperity of rural population in the country. 

(2) With the advent of Low Volume Roads Manual, 2016, prepared by the Ministry of Works, Transport and 

Communications, it provides guidance which engineers and other practitioners are encouraged to use in order 

to improve road transport efýciency by using climate adaptive measures in order to attain broader goals of 

socio-economic growth and development in a cost effective, environmentally optimized and sustainable 

manner. The manual recommends to practitioners to apply sound engineering in the structural design of 

pavements and the selection of construction materials on roads to be sealed.  
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ABSTRACT 

 

The presentation covers an overview of Geosynthetics with focus on Road Design and Construction. The aim of 

presentation focusses on the various types of reinforcement Geosynthetic products that can be used to improve 

the layerworks and ground conditions within paved and unpaved roads. These Geosynthetics can be 

implemented in the design for new roads as well as rehabilitation of existing roads.   

 

The presentation focuses on the principals of Geogrid reinforcement and design considerations that should be 

assessed when specifying reinforcement Geosynthetics for a roads project. These principals and considerations 

equips the Engineer to conduct a cost benefit analysis based on the unique project requirements and how it can 

be translated into the construction phase. These design parameters should be uniquely evaluated as several 

projects have varying design requirements and site conditions. The best solution should be implemented to 

enhance the design and meet the needs of the project and Client.  

 

Geosynthetic Road Design and Construction proposes an innovative approach to design methodology when 

compared to traditional design methods. The benefits of this design process may result project cost savings, 

reduced construction time and a long term reduction in maintenance costs and periods.   

 

Presentation Overview: 

 

¶ Introduction to Geosynthetics and Geogrids 

¶ Principles of Geogrid Reinforcement  

¶ Considerations for Geogrid Reinforcement  

¶ Pavement Reinforcement Fabrics  

¶ Summary  
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ABSTRACT  

 

This paper presents the developed real-time vehicle counting device that has been developed for traffic flow 

monitoring. It is composed of a transducer, signal conditioning, communication, and a processing unit. It is 

a device for monitoring and controlling traffic flow movements in a real-time. Traffic sensors are deployed 

along the corridor in a segmented section, citywide. A sensory system detects vehicular flow information 

and sends them to a central repository for processing and dissemination. A novel sensory node known as 

KiliNode is introduced. It is a device that has just been developed. The novel system was designated for 

sensing traffic information based on earthôs magnetic distortions. The extracted data are locally 

conditioned, and the refined data are sent to the data management centre for processing. It has onboard 

buck-boost power management unit powered by a solar system, and the panel is backed by a super 

capacitor used for energy harvesting and storage, that enables the device comprehensive with its own 

energy source to ensure non-stop sensing and monitoring operations. 

 

Keywords: Wireless Sensor Networks, KiliNode, Power Management Unit, Transceiver Unit, AMR 

Magnetometer, Magnetic Distortions, Sigma-Delta, Traffic Flow Monitoring. 

1.0 INTRODUCTION  

 

Advancement of Information and Communication Technologies (ICT) has led to developments of portable active 

devices, for simplifying complex field works. This paper is introducing for the first time, an ICT device known as 

kiliNode. It has been named after Kilimanjaro Mountain. The device is a 16-bits microcontroller unit with a built-in 

sigma-delta analogue to digital converter (ADC) and an Anisotropic-Magneto-Resistive (AMR) Sensor. Its specific 

functions are to capture vehicle flow signals. Itôs deployment is intended for the vehicle traffic flow monitoring in a 

chaotic and messy environment [1]. It is composed of tiny devices that are sensing the surrounding ambient earthôs 

magnetic field and communicating the collected information wirelessly [2]. Thus, easing a laborious task of vehicle 

traffic data collection.  

 

Wireless Sensor Networks (WSNs) have attracted research interests due to their robustness in security, monitoring, 

agriculture, disaster relief and environmental applications [3][4]. Each node contains a sensor(s), a processor, a 

memory, a radio, an energy source and storage unit. Within a WSN, the nodes were used during sensing, data 

processing and transmitting optimally in a complex environment to enable capturing of a real-time traffic data. This 

device has been developed to sense ambient earthôs magnetic field. It extracts its resultant distortions caused by 

moving traffic vehicles. The resultant distortions contain data of interest such as vehicle speed, count, classification 

and direction. Signal processing algorithms are used to extract such information [5][6][7]. 

 

 

2.0 RELATED  WORKS 

2.1      Off-Shelf Sensor Nodes 

Currently, there are wireless sensor nodes such as IRIS, MICAz, IMote2, SunSpot, Waspmote Wisemote and Mago 

Node++ [8] which has different functionalities and specific deployments. Most of the existing off-shelf wireless 

sensor nodes are based on 8-bits central processing unit (CPU). However, for high-order signal processing 

algorithms, these were found not suitable. The energy requirement for sensory nodes, much depend on battery power 

source that lead them to perform for a short-period of time forcing to keep the sensory node in a deep sleep mode. 

For continuous operations such as vehicle traffic flow monitoring and controlling systems, battery driven system, 

were found not to be reliable. 

mailto:haji.fimbombaya@dit.ac.tz1
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2.2   Basic Sensory Node Components 

 

As depicted in Figure 1, the main components of the developed wireless sensor node consist of a sensing unit, a 

processing unit, a transceiver unit, a power management unit (PMU) and general-purpose input/output (GPIO) 

interface. Components can be added based on the target application requirement. A single node may include multiple 

sensors which capture physical parameters. The selection criteria of components are very important, based on the 

desired application and energy consumption. 

2.3 Transduction Elements 

 

The sensory system has three transduction elements, which are magnetic, temperature, and gas. 

¶ Magnetic: the magnetic characteristic is captured 

¶ Temperature: the temperature characteristic is captured 

¶ Gas: the gas characteristics are captured 

 

Sensors devices are integrated on the node as primary sensing elements for the data collection. The trade-off between 

the energy required by the sensor itself and the total energy available within the node should be established. Sensors 

capture physical continuous signal then input to op-amp before converting to digital by ADC. The operational 

amplifier (op-amp) and ADC can be either external or built-in devices within a Microcontroller Unit (MCU). 
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Figure 1. Wireless sensor node main features and basic interfacing. 

2.4 Central Processing Unit 

Central Processing Unit (CPU) was developed to manage and control other components and operations of the sensor 

node. Therefore, processing power and energy consumption were computed. In this, CPU processes the magnetic 

signals and extract traffic flow data using a designated signal processing algorithm. This unit performs data 

encryption, compression, and aggregation before they are sent to the sink node. There are several families of 

processing unit such as MCU, microprocessors (MPU), and field-programmable gate arrays (FPGAs). FPGAs 

consume more energy than MCU and were not compatible with traditional programming methodologies [9]. Most 

embedded system devices have built-in non-volatile memory and interfaces such as ADCs onto a single integrated 

circuit. The CPU needs storage for tasking and to minimize the size of transmitted data by local processing and data 

aggregation. Flash memory is widely used due to its cost and storage capacity [3]. There is a number of MCU such 

as ATmega256RFR2 that has a built-in transceiver for wireless communication which minimizes the overall number 

of components within the design. Some operations such as signal filtering require high processing power. In this 

case, 16-bit CPU is required to optimize high signal processing operations that had a clear performance and memory 
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advantage over eight-bit CPUs. The wider bit-width of the 16-bit machine meant that in a single cycle, a 16-bit 

machine could do more work than an eight-bit machine in that same cycle. 

The MCU PIC24FJ128GC006 which is used in KiliNode has an addition computational features that add values 

during high signal processing in an energy efficient environment:  

i. 17-Bit x 17-Bit single-cycle hardware fractional/integer multiplier 

ii.  32-Bit by 16-Bit hardware divider 

iii.  16 x 16-Bit working register array 

iv. 128K Program Flash, 8K Data RAM 

v. 12-Bit, up to 50-Channel, High-Speed, Pipeline ADC 

vi. 16-Bit, two differential channel, Sigma-Delta ADC 

vii.  10-Bit, two channels, Digital-to-Analog Converters (DAC) 

viii.  Operational Amplifiers, two channels 

ix. Comparators, three channels 

Other features of PIC24FJ128GC006 includes: 

i. Supply voltage range of 2.0V to 3.6V 

ii.  Two on-chip voltage regulators (1.8v and 1.2v) for regular and extreme low-power operation 

iii.  Power-on Reset (POR), Power-up Timer (PWRT), Oscillator Start-up Timer (OST) 

iv. Separate Brown-out Reset (BOR) and Deep Sleep Brown-out Reset (DSBOR) Circuits 

v. Programmable High/Low-Voltage Detect (HLVD) 

vi. Standard and ultra-low-power watchdog timers for reliable operation in standard and deep sleep Modes 
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Figure 2. KiliNode top and back views showing basic hardware components, the GPIO, programming and power interfacing 
ports. 

2.5 Sensing Unit 

 

The sensors are used to sense or measure physical quantities from the target surrounding environment. The analogue 

signal is generated by the sensor corresponding to the observed physical quantity. The continual waveform is 

digitized by the ADC and then delivered to the processing unit for further analysis. Most ADC occurs in 8, 10 or 12-

bit word. For a higher precision result, 16-bit ADC can be used. The ADC module is either built-in within MCU or 

externally interfaced. PIC24fj128GC006 has both a built-in 12-bit pipeline ADC and a 16-bit delta-sigma ADC. 

Before delivering the sensed signal into ADC, it should be conditioned and amplified. In the same case, the 

microcontroller with built-in or external op-amp can be used. PIC24fj128GC006 has a built-in operational amplifier 

that has an amplification factor up to 500 times suitable for weak signals. 

 

This paper studied the use of a magnetometer to capture earth magnetic anomaly due to vehicle passing. The 

anomaly signal will be used to extract real-time traffic flow related data such as vehicular speed, count, direction, 
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and classification. KiliNode is integrated with onboard HMC1052 Honeywellôs Anisotropic Magnetoresistive 

(AMR) technology that provides advantages over coil based magnetic sensors [10]. They are extremely sensitive, 

low field, solid-state magnetic sensors designed to measure the direction and magnitude of Earthôs magnetic fields, 

from 120 mGauss to 6 Gauss. The sensor has the following typical features: - 

i. Sensitivity 1 mV/V/Gauss 

ii.  Resolution 120 nT 

iii.  Maximum current consumption 0.5A 

iv. Low voltage supply 1.8V 

v. Set/ Reset strap current 0.5 A 

2.6 Transceiver Unit 

 

The transceiver unit enables the node to form a network by communicating with other nodes wirelessly by using 

Radio Frequency (RF). Various energy consumption reduction strategies have been developed such as modulation, 

filtering, and demodulation [11].One of the drawbacks that WSN are suffering includes limited communication 

range between nodes. The trade-off between power consumption and communication media is very importation for 

the life of energy source. Most of WSNs use ZigBee and newly 6LowPAN protocols which are designed for short-

range physical and media access (MAC) communication based on IEEE 802.15.4. The advantage of these protocols 

is the use of licence-free 2.4 GHz frequencies in most developing countries. For outdoors with line-of-sight, the 

range may be extended up to 1500m depending on power output and environmental characteristics. Considering this 

long communication range between nodes when applied in traffic monitoring with sensor-nodes installed along the 

road link, a fewer number of sensor-nodes will be deployed. This is a good feasible feature for such protocols to be 

used in the traffic flow monitoring system. kiliNode front-end implements TIôs CC2520 state of the art transceiver 

unit. It has the following characteristics which make the choice for WSN applications: - 

 

i. Excellent link budget (103dB) 

ii.  400 m line-of-sight range 

iii.  Extended temp range (-40 to +125°C) 

iv. Wide supply range: 1.8 V ï 3.8 V 

v. Extensive IEEE 802.15.4 MAC hardware 

vi. AES-128 security module 

vii.  Low Power features: - 

o RX (receiving frame, -50 dBm) 18.5 mA 

o TX 33.6 mA @ +5 dBm 

o TX 25.8 mA @ 0 dBm 

o <1ɛA in power down 

viii.  Radio 

o IEEE 802.15.4 compliant DSSS baseband modem with 250 kbps data rate 

o Excellent receiver sensitivity (-98 dBm) 

o Programmable output power up to +5 dBm 

o RF frequency range 2394 - 2507 MHz Suitable for systems targeting compliance with worldwide 

radio frequency 

2.7 Power Management Unit 

 

One of the most important constraints on wireless sensor nodes is the low power consumption requirement [12]. Any 

energy preservation schemes help to extend sensor node lifetime [13]. In the past, batteries have been used as a main 

source of energy for WSN. They were categorized into two main groups; rechargeable and non-rechargeable. Often 

in harsh environments, it is difficult to recharge or replace a battery. Therefore, energy harvesting such as solar can 

be used to replenish energy for WSN. Alkaline batteries have a wide voltage range and large physical size. Lithium 

provides a constant voltage supply but with very low nominal discharge currents. Nickel Metal Hydride can be 

recharged but with a significant decrease in energy density. Considering Dar es Salaam City, where the average 
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annual atmospheric temperature rises above 300 is not favorited for charging and  discharging the battery in 

continual operation. Therefore, super capacitors can provide better solution compared to the batteries when deployed 

together with energy harvesting such as solar panels. Some of their disadvantages compared to the battery include 

quick discharge and a non-constant voltage supply. The power serving policies should be used to preserve and 

reduce energy consumption for WSNs. This includes shutting down unnecessary devices and activities when not in 

use, deploying energy efficient algorithms and dynamic voltage scheduling (DVS) [14]. By implementing PMU, the 

sensor node can be able to monitor and control its energy source to extend its lifetime without additional external 

source. The kili Node PMU schemes deploy buck-boost technique to efficiently recharge the super capacitor and 

power the system simultaneously. Figure 3 shows the basic interfacing between kili Node, solar panel and super 

capacitor as a storage unit. The size of a solar panel is designed to accommodate the total energy requirement by Kili 

Node and storage in a super capacitor. The stored energy is used as a backup power supply when there is no 

sunshine and night. During night, Kili Node operations are extremely reduced and turned off to reduce energy 

consumption. 

 

Figure 3. Kili Node connected to 100F, 2.7V super capacitor and a 5.0V, 0.6 W solar panel. Second image shows typical kili 
Node installation for Traffic Flow Monitoring. 

Kili Node voltage supply is between 1.8v to 3.3v with typical current consumption of 50mA and maximum of 

100mA. Table 1 shows Kili Node energy requirements in busy and idle state operations 

Table 1. KiliNode Energy Requirement Specification 

Parameter Min Typical Max Unit 

Supply Voltage 1.8 2.0 3.3 V 

Current (busy) 50 60 100 mA 

Current (Idle) 10 15 20 mA 

3.0 WSNS ARCHITECTURE FOR TRAFFIC FLOW MONITORING  

 

WSN includes many sensor-nodes having sensing and computing capabilities and is deployed in a random manner. 

Figure 4 shows WSN deployment for traffic flow monitoring where six sensor nodes are installed on the sides of the 

road [15]. Each of the sensing devices in WSN is called a node. WSN consists of one or more base stations (BS) also 

known as gateways or sink-node and number of sensor nodes. The output generated by one node is wirelessly 

transmitted to the sink node for data collection, analysis, and logging. Each node in the WSN acts as a router for 

transmitting the information from the source node to sink-node. From the sink-node, the traffic data is transmitted to 

the Traffic Management Centre (TMC) database for processing and dissemination to the end-user through the 

internet. 
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Figure 4. A Typical WSN configuration for traffic flow monitoring. Sensor Nodes are installed on the sides of the road. 

 

4.0 RECOMMENDATIONS AND CONCLUSIONS  

It is recommended that, traffic flow and management data, need to be accurate and hence reliable. That cold be 

achieved by usage of digital sensors free from human influences, and weakness. The introduction of a novel sensor 

node (KiliNode) for traffic flow monitoring in chaotic road conditions is another findings that could lead to 

improvement of traffic management. 

This paper suggests further research in developing magnetic signal processing for WSN with sensor node installed 

on the sides of the road.  
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ABSTRACT   

This paper is presenting a new method of energy efficiency optimization by using smart grid technologies. 

Customers are encouraged to register with utility company to operate their high energy consumption equipment 

during off-peak hours. To achieve that, the grid system is to adopt infrastructure pervasive control and 

monitoring as a convergence of information and communication technologies in power system engineering. 

Supervisory control sensory systems are embedded in the load side for automation of sensors, communication 

and data management. Manufactures and utility companies are supposed to place a layer of intelligence over 

their current and future infrastructure, thereby allowing the introduction of new applications and processes in 

the grid network, electrical and electronic equipment. 

 

KeywordsðControllable Loads, Direct Demand Control, Load, Algorithm, Challenge Driven Education. 

 

 

1.0 INTRODUCTION  

 

The utility industry across the world is trying to address numerous challenges, such as electrical power generation 

expansion and diversification, optimal deployment of expensive assets, demand response, energy conservation, and 

reduction of the overall carbon emission. It is apparent that such critical issues cannot be addressed within the 

confinement of the existing electric grid, which is unidirectional in nature. In addition to that, due to the hierarchical 

topology of the grid systems, the existing electricity grid normally suffers from cumulative effects which are 

produced when one event sets off a chain of similar events. Through intensive studies, the world is heading to the 

next-generation electricity grid known as the ñsmart gridò or ñintelligent gridò. In this new system, major 

shortcomings of the existing grid are being addressed by providing the utility companies with visibility and 

pervasive control over the systems. The smart grid is enabling human and machines to define and realize better 

methods of engaging with each other and perform energy relationships across the grid system. 

 

One of the goals for implementation of smart grid, in the existing grid as of Figure 1, is to manage and optimize 

energy flow and usage from generation, distribution up to consumption. To achieve that goal, it is consumption side 

that receives increasing attention by researchers in power industry though the approach known as Demand Side 

Management. This approach involves not only reducing energy consumption and changing usersô consumption 

patterns but also changing their roles from static consumers into active participants (Palensky & Dietrich, 2011). 

Through Dar es Salaam, consumers can shift the high-power household appliances to off-peak hours thus providing 

them with more þexibility when scheduling their energy consumption at the same time reducing the Peak-to-

Average Ratio (PAR) of the utility (Wang, Li, Maharjan, Zhang, & Guo, 2018). Actually, the Demand Side 

Managements are implemented by controlling the customer side loads and generation. The control is/should-be done 

by the utility to directly control the customerôs loads, customers voluntarily respond to emergency signals, customers 

respond to the dynamic price. To achieve that, the loads and generations at the customer side must be controllable. 

 

A controllable load can be scheduled through remote signals, demand response programs, customer-end home 

energy management systems (Sharma, Bhattacharya, & Cañizares, 2015) or by utility companies if needed (Simon & 

Zhong, 2012). They tend to be flexible due to their capability to change their operating profile (Koutitas, 2012), 

which allows consumers to manage loads by lowering consumptions during peak hours in areas where dynamic 

pricing schemes are applied (Joskow & Wolfram, 2012).  
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Figure 5: Generalized Electrical Generation and Load 

Circuit 

 

In a utility point of view, controllable loads have the advantage of allowing some functionalities such as load-peak 

shaving, load balancing, frequency regulation, and voltage stabilization (Kinjyo, Yona, Urasaki, Senjyu, & 

Funabashi, 2012; Vinayagam, Swarna, Khoo, & Stojcevski, 2016). Therefore, controllable loads are much involved 

in developing smart cities for programing end usersô large current-drawing appliances, such as refrigerators, freezers, 

air-conditioners, water-heaters, and heat-pumps. In a local context, customers are obliged to enter into contract by 

signing contracts with the utility companies like Tanzania Electric Supply Company Limited (TANESCO). 

Customers responds favorably to an incentive interruptible load program where they curtail their load flexibly during 

peak hours and receive monetary returns (Shen, Jiang, & Li, 2015). 

 

2.0 RELATED WORK  
 

2.1 Characteristics of the Controllable Loads 

 

Recent development in technology, have facilitated the manufacturing of devices for sharing real-time-load 

information and receive commands through communication applications such as Bluetooth, Wi-Fi, Zigbee or direct 

connection and respond to the command accordingly. Such kind of load are called direct controllable loads. Most 

controllable loads are small-scale and dispersed, which makes single controllable load to have no market value. The 

controllable loads receive the control command from the Intermediate Controller Device (ICD) or from the utility 

company and send back the measured information to IDC/Utility in a real time, which analyses the data and generate 

the commands based on the requirement. Also, with smart cities, smart home and smart grid being under the 

development, the end users have more chances to schedule the controllable loads. Recently, the load control 

strategies have gone far to the inclusion of cost reduction, revenue maximization, renewable energy penetration, and 

customer satisfaction. Therefore, optimization of the controllable loads together with distributed renewable energy in 

a microgrid and in hybrid power system receives increasing attention by researchers in power industry (Zhu et al., 

2015). 

2.2 Controllable Loads Categories 

 

According to Shen, J., Jiang, C., & Li, B. (2015), at least one residential house may have different types of loads, the 

controllable and non-controllable. The controllable loads are categorized into three types, Type I -Passive 

Controllable Loads, Type II - Active Controllable Loads and Type III - Broad Controllable Loads as shown in Figure 

2. 

 

2.2.1 Passive Controllable Loads 

 

Passive controllable loads are the electrical loads which cannot inject power to the grid at any time. Typical 

examples of passive controllable load include various residential loads, such as fridges, washing machines, air 

conditioners, clothes dryers, dishwashers, space cooling/heating, water heating. Other loads such as space 

cooling/heating and water heating are controlled automatically to satisfy the set temperature value. With the 

development of smart meter technology, the bi-level mutual information between the distributor operation company 

and the smart devices can be communicated in real time, which implies that customers can actively participate in 

demand-side management with the help of Energy Management Systems (EMS). 
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Figure 6: Presents Categories of Controllable Loads. Source: Shen, J., Jiang, C., & Li, B. (2015) 

 

2.2.2 Active Controllable Loads 

 

Active controllable loads are the electrical loads which injects power to the grid when needed to do so. These loads 

can be charged from or discharged to the grid and has greater flexibility to be scheduled as controllable loads to 

accommodate grid needs.  Typical examples of passive controllable loads include battery storage, Vehicle-to-Grid 

(V2G), the Combined Cooling Heating and Power (CCHP). The benefits of active controllable loads include short-

term power supply, ancillary service, power quality improvement and facilitating renewable energy integration. As 

controllable loads, battery storage adds significant flexibility to the grid. It is used to store excess electricity energy 

at off-peak hours and then deliver it at peak hours. Battery storage can also be used to provide ancillary services such 

as reactive power, voltage, frequency control and emergency power during outage. 

 

Battery Storage: Since battery storage can buffer the power output of renewable energy by storing excess energy 

during times of high availability and inject it to the power system during a power shortage, it has drawn attention as 

one of the load management components. Due to controllable and flexible charging and discharging operation, 

battery storage is one of the best ways to reduce the renewable energy fluctuation and enhance system stability. 

Compared with other controllable loads, battery storage is safe, noiseless, extendible, low maintenance and easy 

operation. 

 

Vehicle-to-Grid (V2G):  describes a system in which plug-in electric vehicles, such as electric cars (PEVs) and 

plug-in hybrids (PHEVs) can be charged from or discharged to the grid. It can provide power system ancillary 

services in the form of power balance reserves to support the large-scale integration of variable renewable energy 

sources like wind power. Unlike traditional demand response schemes, V2G has greater flexibility to be scheduled as 

a controllable load to accommodate grid needs. 

 

Combined Cooling Heating and Power (CCHP): Another option for balancing fluctuations of renewable energy is 

using the CCHP in district heating systems. The stored heat is used in different end users, including space heating 

and cooling, industrial process heat, commercial heating and refrigeration, as well as household hot water usage. 

Like V2G, CCHP can also discharge to the grid. The power consumption can be changed during water heating and, 

therefore, heat storage presents a large potential for power system flexibility. 

 

2.2.3 Broad Controllable Loads 

 

Broad controllable load includes the Microgrid, Virtual Power Plants (VPP). Although the Microgrid and VPP have 

distributed generators, battery storage, renewable energy, the loads take a great proportion in these systems. They are 

mainly, loads and demand power from the grid in the connected-grid mode. As a result, the microgrid and VPP are 

defined as ñthe broad controllable loadsò. 

 

From the view point of the distribution systems operation, the microgrid and VPP are also regarded as the loads. 

However, these loads may include based loads, controllable loads, renewable resources and other diesel generators. 

Normally these ñbroad controllable loadsò absorb power from the main grid and can inject power to the main grid by 

optimizing the schedule of the inner controllable loads and the distributed generators. Compared with traditional 

controllable loads, the broad controllable loads management has more flexible and suitable approaches in smart 

grids. 
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2.3 Controllable Load Management Approaches (programs) 

 

Currently, utility companies tend to use installed and connected loads in the grid instead of using bulk power 

contributors to the utilities such as generators, and other bulk sources (Callaway & Hiskens, 2011). This approach 

has several advantages such as (i) individual loads may become unavailable at any moment, the variability of the 

total contribution of a very large number of small loads is likely to be less than that of a small number of large 

generators (for which the failure of one can have substantial impact on the ability to provide the desired service). (ii) 

loads often respond to operator requests instantaneously, whereas bulk loads such as generators require some time to 

make output changes of any significance. (iii) loads are distributed throughout the grid, providing the opportunity to 

devise spatially precise responses to contingencies. (iv) using loads to provide system services to reduce overall grid 

emissions (if relatively inefficient but fast ramping generation is no longer required to balance grid variability). (v) 

The level of spatial and temporal flexibility that loads could provide to the power system might be used to support 

the growing penetration of intermittent renewable electricity generators. (vi) Loads are already embedded in the 

power system, and versatile communications platforms-ranging from broadband internet connections to advanced 

metering infrastructure (AMI) are becoming widely available. It may soon be the case that the only technical 

impediment to reliable utilization of loads for system services is the development of the necessary load models and 

control strategies. 

 

Several approaches have been used in order to get the loads involved in the demand side management schemes such 

as price-based approaches, direct load control (DLC) and interruptible load management (ILM). In price-based 

approach the electric utility controls customersô appliances indirectly by sending price signals such as time-varying 

prices which force customers to make smart decisions, e.g., shifting some power usage from high-price periods to 

low-price periods (Joskow & Wolfram, 2012). In this work the price-based approaches are not discussed while the 

DLC and ILM are discussed. 

 

2.3.1 Direct Load Control 

 

It is a contract-based load control method. Customers give utilities the option to remotely control their domestic 

appliances during high-demand periods or power supply emergencies, and receive credit on electricity bills for this 

control method (Xu, Chen, Zhu, & Hu, 2018). It is voluntary programs, and if a group of customers do not 

participate, they are not subjected to any penalty. This could probably change the way load shadings are being 

practiced. Consider a use-case diagram in Figure 3 which shows the implementation DLC in Dar es Salaam program. 

The customer agrees with utility regarding the enrolled and allowable devices to be accessed and controlled by the 

utility. The controllable device at the customer side reports its usage and billing information to the utility through the 

meter. 

 
Figure 7: The Direct Load Control of a Device. Source: Kazman, Bass, Ivers, & Moreno, 2011 

 

The utility directly sends the DLC signals to controls some of a consumerôs home appliances when load reduction is 

needed (Kazman et al., 2011)Despite of many benefits of DLC its implementation is challenging because most of the 

current Dar es Salaam programs are centralized thereby complicating both computation and communication 

requirements. Another shortcoming of existing DLC programs is the customerôs privacy concerns since their power 

usage profile is exposed whenever each individual appliance is remotely controlled by a central controller. 

 

2.3.2 Interruptible Load Management 

 

In an Interruptible Load Management (ILM), consumers sign an interruptible load management contract with a 

utility company to allow the utility to interrupt part or all of the supply of electricity to the consumers during the 

systemôs peak-load period in exchange for some form of incentive payment. The load reduction can be achieved by 

demand limiter which may be installed by customers themselves; or the utility may send the control signals to 
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interrupt part of the electricity service of the customers (Huang & Huang, 2004). It has been widely recognized that 

ILM can be used by utility companies as an effective resource to ensure reliability. The loads of large consumers 

which possess backup generation or whose demand can easily be rescheduled can fall under the interruptible load 

category. In the deregulated power market environment, traditional regulated ILMs are replaced by voluntary 

consumer responses to the incentive payments. Interruptible electricity service is not a single activity but goes with 

automation schemes to support the other functions and makes them flexible. Because the utility ought to inform the 

customers before the load are interrupted, no matter what control methods are used, the utility has to build a 

control/communication system to provide the interruptible load control as well as many services, such as remote 

metering and real time pricing. Any electric power interruption due to the ILM may cause a larger disturbance than 

the DLC for customers involved in the project. In general, DLC can be controlled without a noticeable impact on 

consumersô life styles. However, interruptible loads are noticeable when being controlled. The load monitors utilities 

and directly sends an on/off command to the smart appliances, such as fridges, washing machines, air conditioners. 

 

2.4 Load Control Strategies 

 

2.4.1 Aggregator Control 

Instead of shedding load when supply is short, the aggregator manipulates groups of loads from different premises 

and turn off those loads which are less important to customers at the time as shown in the flow chart of Figure 4. The 

aggregator keeps track of the appliance usage and turns on those controlled loads again when there is sufficient 

supply.  

 

The aggregation of controllable loads can allow more versatile and optimized control for the system and lessen the 

impact among different premises. Using the aggregator can also reduce the control complexity of a centralized 

control which requires the system operator to manipulate millions or even more of load entities (Simon & Zhong, 

2012). 

 
Figure 8: Aggregator Control Flow Chart 

 

3.0 METHODOLOGY  

 

This study is carried by iGrid Research Group, which is under Challenge Driven Education, which is undertaken by 

University of Dar es Salaam, Dar es Salaam Institute of Technology, KTH University of Sweden, and different Stake 

Holders. Figure 5 presents the CDE conceptual diagram, which is adapted and applied in this study. The CDE 

approach is implemented through open-ended, challenge based and interdisciplinary team work while underlining 

the components of design thinking and learning creativity in developing solutions that has impact to the society 

(Magnell & Högfeldt, 2015). In this case, the study is combining basic and applied research approaches. The results 

have a number of changes and implications in the electrical energy/power when is being generated, transmitted, and 

utilized. Its methodologies went through design, investigated variables, electrical appliances, devices and equipment 

used, data collection and analysis, system design and development and finally system testing and validation. 

 
Figure 9: Challenge Driven Education Conceptual Diagram Adapted and Used by UDSM, KTH and Stakeholders 

 






























































































