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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 “The Role of the Engineers in addressing Climate Change, Challenges and
Opportunities”. 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
“The Role of the Engineers in addressing Climate Change, Challenges and Opportunities”.
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.
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ADDRESSING CLIMATE CHANGE CHALLENGES AND OPPORTUNITIES
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 people’s 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 (1 0C 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 country’s 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
Tanzania’s 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 25–40% 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
“The Role of the Engineers in addressing Climate Change, Challenges and Opportunities”| 3

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

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 wildlife 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 Tanzania’s 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 country’s 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 Tanzania’s 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 multisectoral 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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A DISCUSSION ON ISSUES CONCERNINGFLOOD CONTROL AND MITIGATION
MEASURES IN TANZANIA IN VIEW OF THE CURRENT CLIMATIC CHANGES
Eng. Noel K. Ngowi
B.Sc Civil Engineering, M.Sc. Civil Engineering, Registered Consulting Engineer
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 – 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
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Q =CI  A
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

C A = C S  CW  C L
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 T B hours (P mm)
(g) Find Volume of runoff

RO = C A  (P − Y )  A  10 3 (m 3 )

(h) Compute Average flow by

Q=

0.93RO
3600TB

(i) Recalculate base time

TB = TP + 2.3K + TA
Where

TA =

0.028 L
1

Q 4S

1

2
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(j) Design Peak flow

Q = F Q

(D. Fiddes at al)

Some of the shortcoming of the TRRL East African Flood Model
a.
b.

c.
d.
e.
f.

2.2.3

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.
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
The duration of the rainfall storm was only 4 years.
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
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
The Discharges obtained are only relevant to small and medium catchment areas not more than
200km2.

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 Manning’s 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
(1)

CONCLUSIONS AND RECOMMENDATIONS
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 Tanzania’s 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 allweather 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 Tanzania’s
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 President’s 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 Tanzania’s road networks, while ensuring
improved rural accessibility and prosperity of majority of Tanzania’s 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 signiﬁcant
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 subsector 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 country’s 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 Government’s
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 – 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 road’s slope on the gravel’s 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 ROADS 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

TANZANIA’S 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 “non-standard”, moisturesensitive 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

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

(mm)

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/m 2 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

1.

Road Name

Region

Kyetema-KanaziKanyinya

Kagera

2

OmugakorongoNyakahanga

Kagera

3

Target
Length
(Km)
10

Age of Otta
Subgrade
seal at
material
resealing (Yrs)
Not resealed
Lateritic
soil

10

14

Chato Junction- Geita
Chato Ginnery

4

11

4.

Nansio-Bulamba

Mwanza

5

10

5.

Mpeta-Lupaso

Mtwara

8

9

6.

Mikumi-Ifakara

Morogoro

11

13

7.

Bigwa-Kisaki

Morogoro

6.2

11

8.

Wajenzi-Mnadani

Dodoma

3

12

TOTAL/
57.2
AVERAGE
Source: Adapted from Nyamhanga, 2014

Lateritic
soil
Lateritic
soil
Lateritic
soil
Lateritic
soil
Lateritic
soil
Lateritic
soil
Sandy
silt

Pavement
Cost per kmof
type
Double Otta Seals
(USD)
59,514
Natural
gravel
Natural
gravel
Natural
gravel
Natural
gravel
Natural
gravel

71,605
64,752
127,538
57,354

Natural
gravel

139,746

Natural
gravel

80,596

cement
stabilised
gravel

140,122

11.4

89,580

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 – 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 –KANYINYA
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.
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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 “operational set-up” 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 “whipoff” 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 employer’s 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 – 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
in good condition 11 years after construction at km. 2.4

Figure 3: Comparison ofKyetema -Kanyinya road at a
junction with unsealed feeder road showing gully erosion
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Figure 4: Damaged pipe culvert along Kyetema- Kanyinya
Road due to heavy diverted traffic

7.0
(1)
(2)

(3)

(4)

8.0
(1)

(2)

9.0

Figure 5: Kyetema-Kanyinya showing good Otta seal
surface 11 years after construction at Km.6

CONCLUSION
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;
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,
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.
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.
RECOMMENDATIONS
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.
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 efﬁciency 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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DEVELOPMENT OF SOLAR POWERED MAGNETIC WIRELESS SENSOR NODE
FOR TRAFFIC FLOW MONITORING
Haji Said Fimbombaya1 Ndyetabura Yahaya Hamisi2 Nerey Henry Mvungi4 Hashimu Iddi Uledi3
Dar es Salaam Institute of Technology1, University of Dar es Salaam2, University of Dar es Salaam3,
University of Dar es Salaam4
1
haji.fimbombaya@dit.ac.tz , yhamisi@gmail.com2, nhmvungi@udsm.ac.tz3, hashimuledi@gmail.com4
Dar es Salaam, Tanzania

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 earth’s 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. It’s 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 earth’s
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 earth’s 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.
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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).

MCU

Hazardous Gas

ADC

OP-AMP

Temperature

Sensing Unit

Magnetometer

Processing
Unit

Tranceiver

GPIO

Sensors

Memory

Energy Source

PMU

Energy Storage
Data
Power

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.
ii.
iii.
iv.
v.
vi.
vii.
viii.
ix.

17-Bit x 17-Bit single-cycle hardware fractional/integer multiplier
32-Bit by 16-Bit hardware divider
16 x 16-Bit working register array
128K Program Flash, 8K Data RAM
12-Bit, up to 50-Channel, High-Speed, Pipeline ADC
16-Bit, two differential channel, Sigma-Delta ADC
10-Bit, two channels, Digital-to-Analog Converters (DAC)
Operational Amplifiers, two channels
Comparators, three channels
Other features of PIC24FJ128GC006 includes:

i.
ii.
iii.
iv.
v.
vi.

Supply voltage range of 2.0V to 3.6V
Two on-chip voltage regulators (1.8v and 1.2v) for regular and extreme low-power operation
Power-on Reset (POR), Power-up Timer (PWRT), Oscillator Start-up Timer (OST)
Separate Brown-out Reset (BOR) and Deep Sleep Brown-out Reset (DSBOR) Circuits
Programmable High/Low-Voltage Detect (HLVD)
Standard and ultra-low-power watchdog timers for reliable operation in standard and deep sleep Modes
Top View

Back view
Antenna

Transceiver
Unit

GPIO

MCU
Magnetic
Sensor
PMU

Programmer
+ Power port

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 12bit 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 Honeywell’s 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 Earth’s magnetic fields,
from 120 mGauss to 6 Gauss. The sensor has the following typical features: i.
ii.
iii.
iv.
v.
2.6

Sensitivity 1 mV/V/Gauss
Resolution 120 nT
Maximum current consumption 0.5A
Low voltage supply
1.8V
Set/ Reset strap current 0.5 A
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 shortrange 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 TI’s CC2520 state of the art transceiver
unit. It has the following characteristics which make the choice for WSN applications: i.
ii.
iii.
iv.
v.
vi.
vii.

viii.

2.7

Excellent link budget (103dB)
400 m line-of-sight range
Extended temp range (-40 to +125°C)
Wide supply range: 1.8 V – 3.8 V
Extensive IEEE 802.15.4 MAC hardware
AES-128 security module
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 <1μA in power down
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
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

3.0

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

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.
Keywords—Controllable 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 “smart grid” or “intelligent grid”. 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 users’ 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 ﬂexibility when scheduling their energy consumption at the same time reducing the Peak-toAverage 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 customer’s 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 users’ 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 shortterm 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 “the broad controllable loads”.
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 “broad controllable loads” 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 customers’ 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 consumer’s 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 customer’s 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
system’s 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
consumers’ 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
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Research Design: This study employed both basic and applied actionable research approaches that compelled a
research to be a real societal problem, and the expected results must be of real actionable outcome, or real solution.
Variables Investigated: The study is looking at generation variables which includes Voltage, Current, Power
against load variables. Also, it has set the threshold of these variables are set within the operating ranges in a day.
Investigated variables are divided into two parts, independent and dependent variables. The independent variables
were varied and manipulated for optimal system performance to achieve desired output. In this study, independent
variables were generation and load side Voltage, Current and Time investigated simultaneously. During the study,
the region of interest is home. Dependent variables in this study is power generated.
Materials and Equipment: To accomplish the expected results, the study has looked into a number of different
traditional/current designs carried by researchers. Furthermore, books, journals and internet were used to gather
knowledge and information available around the study area and which served as a literature review of the study.
Data Collection: Primary data used in grid system design, implementation, testing and validation were collected by
involving the researcher going into number of design work for the past ten years. Also, actual fields are being used
while conducting demand monitoring and control.
Data Analysis: Different types of software such as Microsoft Visual Studio, AutoCAD, XPro Calculi, and Microsoft
Excel 2010 are behind deployed for the data analysis. Algorithm are being developed to be used to analyze the
demand and subsequent control strategies.
Algorithm Design and System Development: Algorithm is being developed based on Divide and Conquer
approach. The overall problem instance is being split into several smaller sub-problem instances which will then be
independently solved.
Solutions from sub-problem instances will then be aligned sequentially (in input-output manner) so as to yield a
solution for the original problem instance. System design and development based on Object Oriented System
Development (OOSD) is underway. In this approach Use Cases are being used to capture system requirements
during system analysis stage where as Unified Modelling Language (UML) and AutoCAD are continued to be used
in system design stage to present the structure and behaviour of the components and in turn overall system
architecture. During Implementation stage, Rapid Application Development (RAD) approach will be used. The
systems then coded in a .NET platform using a Microsoft Visual Studio and computer vision development library
(Emgu CV, Wrapper of OpenCV's image processing functions for .NET platform).
System Implementation, Testing and Validation: Finally, the contourable load model demand response system is
under the design and implementation based on CDE guidelines. It will be tested and validated against real data for
other measurement approached and observation. Both Functional and Non-Functional tests will be performed. In
Functional testing, known data will be used to perform Unit Testing of individual software components that when
combined results DLC and bi-direct load control.
4.0 DATA COLLECTION, DATA ANALYSIS, SYSTEM DESIGN AND DEVELOPMENT
4.1

Data Collection

The data used in this study is from the common domestic/home design carried in the past ten years. Different types
of data were collected and the subsequent analysis were made.
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Figure 10: Sampled Houses for DLC
Table 1 presents the load data collected from different homes and appliances show that the average house has the
following loads for a 63A and 100A rated Consumer Control Unit
Table 2: Connected Loads per Domestic Home and for 10 Homes

Load Type
Lighting Cooling Water Heater Cooking Washing Soscket Outlet Total Power Allowable
Max Power/Home (Watts)
1000
2000
1000
2000
1000
1000
8000
1000
Max Power/10 Homes (Watts) 10000 20000
10000
20000 10000
10000
80000
10000
4.2

Data Analysis

Based on the data, collected for 10 Houses, the total average of the connected load for 10 Houses is 80,000 Watts.
That implies that, DLC once applied could probably save energy. As presented in the related works, customers are
volunteered to enter into contract with utility companies to schedule their loads. Customers are also encouraged to
optimally schedule their utilization of power, by prioritization method.
While it is known that evening hours are accompanied by a lot of lighting, cooking, and use of sockets; it is not that
much important to use a washing machine. Cooling is negotiable just to allow a customer to make own choice.
Therefore, it is convenient for consumers and utility company to schedule the DLC as per Table 2, and develop the
corresponding algorithm. It is evident that DLC has allowed energy saving, which maintained the power demand not
to reach the peak value. This implies that there is energy saving. In DLC
Table 3: Connected Loads per Domestic Home and for 10 Homes

Load Type
Lighting
Max Power/Home (Watts)
1000
Max Power/10 Homes (Watts) 10000
Time (Hrs)
00.00-05.00
3000
05.00-10.00
5000
10.00-15.00
50
15.00-20.00
9000
20.00-00.00
7000
24050

Cooling Water Heater Cooking Washing

Soscket Outlet

Total Power

Allowable

2000

1000

2000

1000

1000

8000

1000

20000

10000

20000

10000

10000

80000

10000

0
20000
0
20000
10000
50000

0
0
0
10000
0
10000

0
20000
0
20000
0
40000

7000
0

5000
5000
5000
5000
5000
25000

15000
50000
5050
64000
22000
156050

0
0
7000
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4.3

System Design and Development

With respect to the traditional grid, it is evident that the system must be adaptable, embeddable and compatible. The
system designed by developing a suitable algorithm which is connecting the appliance to the Intermediate Device
Controller (IDC), then from IDC to the utility controller. This will establish necessary communications from
equipment to utility controller.
From the algorithm, the development is made by developing such design and development based on Object Oriented
System Development (OOSD). During Implementation stage, Rapid Application Development (RAD) approach will
be used. The systems then will be coded in a .NET platform using a Microsoft Visual Studio and computer vision
development library (Emgu CV, Wrapper of OpenCV's image processing functions for .NET platform).
5.0 CONCLUSION AND RECOMMENDATION
5.1 Conclusion
The controllable Load Control and Management is a reality with a significant power saving feature. Cumulative
amount of energy saved is important. It will be used in other power systems. In the developing country like
Tanzania, with polices inclined to make the Country Industrial, in order to meet the challenges in the energy
demand, just enough for industrial load operations. The paper has presented a new concept of load monitoring and
control operation. It is providing new methods and effective technical means for the future grids in Tanzania.
5.2

Recommendation

The coordination between power supply sources, grids, and interactions between grids and loads, as well as
interactions between power supply sources and system load is a solution towards optimization of energy. Industries
need carefully thought algorithms for its energy demand. This study recommends to improve energy balance and
dynamic power balancing ability among the power supply sources, load and power grid more economically,
efficiently and safely by use of ICT. The complexity associated with such interaction characteristics in the grid, is
resolvable by providing the systematic Source-Grid-Load monitoring and control management by ICT. It is
recommended to intensify efforts in smart grid in order to effectively use ICT in the power systems.
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ABSTRACT
Tanzania imports methanol of about 56 MMT annually, this is used as a feedstock into chemical industries like
pharmaceuticals, plastic, paints industries and chemical producing companies. The paper presents a
Preliminary design of the plant for production of methanol using Tanzania Natural gas as raw material. Since
Tanzania has plenty of natural gas, the gas reserves stand at 57.25 TCF. It is one of the cleanest and safest
because it does not have sulphur which is potentially harmful into the environment. This will help to save
foreign currency as it will reduce importation of methanol and those chemicals to be manufactured from
methanol. The ASPEN Plus simulation software was used to design a 3000 tons/day methanol producing plant.
The methanol production process involved three steps. These are steam reforming in syngas preparation, tube
cooled reaction in methanol synthesis, and distillation utilizing two columns for purification process. The
estimated amount of natural gas that can be used to produce the required methanol was 1988 tons/day. The
purity of methanol produced was 99.85%.
Keywords: Methanol, Natural gas, steam reforming, tube cooled reaction, methanol purification.

1.0

INTRODUCTION

Methanol is a primary liquid petrochemical made from renewable and non-renewable fossil fuels containing carbon and
hydrogen. It is the simplest alcohol having only one carbon atom. Methanol can be used in different ways: as a fuel or
fuel additive (example; neat methanol fuel, methanol blended with gasoline, Methyl tert-butyl ether (MTBE),tert-Amyl
methyl ether(TAME) and Methanol to Gasoline (MTG)). Also in Production of chemicals like formaldehyde, acetic acid,
chloromethane, methyl methacrylate, dimethyl terephthalate, methyl amines, and glycol methyl ethers.
In Tanzania methanol is used mainly as a feedstock into chemical industries (Roe, 2016) like pharmaceuticals, plastic,
paints industries and chemical producing companies. The world-wide uses of methanol and demand increase i.e. 55.4
MMT in 2011 to 92.3 Million Metric Tons in 2016 Fuel being 16% in this year (Cheng et al., 2017). The demand is
expected to grow above 95 MMT in 2021 (Marc, 2017).
The paper presents a Preliminary design of the plant for production of methanol using Tanzania Natural gas as raw
material. With production of methanol the following will be the benefits: save foreign currency as it will reduce
importation of methanol and those chemicals to be manufactured from methanol; also will increase foreign currency by
exporting methanol as methanol demand rise as is predicted to reach approximately 107 million tons in 2019 (URT,
2016). In addition to that, methanol production is a cost-effective means of adding value to natural gas. This paper is
going to cover the following:
(i)
(ii)
(iii)

1

To identify and select technology suitable for methanol production.
Determine plant capacity and develop process flow diagrams for methanol production using Tanzania natural
gas and
Perform simulation for methanol production process.

Corresponding Author
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2.0

LITERATURE REVIEW

2.1

Natural gas as raw material

The compositions of natural gas differs from one country to another and between wells (reservoirs) by vary within the
range as given in literature (Natgas, 2013)this leads to some differences in steps during the process of its conversion to
other products especially in the case of sulphur content. If natural gas is sour desulphurization process is applied while if
the gas is sweet it is not applied (i.e. Tanzania natural gas). Table 1 show the composition of Tanzania natural gas.
Natural gas with composition as shown in Table 1 is the raw material for methanol production. It is one of the cleanest,
safest and most useful of all energy sources because it emits lower levels of potentially harmful by-products into air after
burning (IGU, 2014). The discovered natural gas reserves in Tanzania amount to 57.25 TCF (TPDC, 2016).
Table 1: Tanzania natural gas composition

Component
Nitrogen (N2)
Carbon dioxide (CO2)
Methane
Ethane
Propane
Iso-butane
n-butane
Iso-pentane
n-pentane
Hexane
Heptane
Octane
Nonane and other heavier
TOTAL
3.0

Mole %

Mass%

0.713
0.37
97.15
1.03
0.31
0.071
0.089
0.027
0.029
0.032
0.109
0.052
0.017
100

1.19
0.97
93.07
1.85
0.82
0.25
0.31
0.12
0.12
0.16
0.65
0.35
0.13
100

METHANOL PRODUCTION PROCESS

Methanol production from natural gas involves; synthesis gas preparation, synthesis of methanol, purification for
methanol by distillation.
a) Synthesis gas preparation
The process account for 60% of the overall investment cost of the plant for natural gas as feedstock (Kim et al., 2009;
Martin et al., 2014). It involve reforming of hydrocarbon feed stocks for the production of synthesis gas. The process is
preceded by sulphur removal for sour gas to avoid poisoning of the reforming and downstream process catalysts
(Strelzoff, 1981). After feed purification natural gas is converted into synthesis gas by combining with steam (ratio of 3:1
steam / methane (Jacob et al.,2013)) under heat (reforming) or with oxygen (gasification) as the reactions below
illustrates
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The produced synthesis gas consists of hydrogen (H2) Carbon monoxide (CO), Carbon dioxide (CO 2) and unreacted
methane (CH4) with 73%, 15%, 9%, and 3% as typical composition respectively. Carbon dioxide can also be added to
the feed gas stream to produce a mixture of components in the ideal ratio to more stoichiometric composition gas for
methanol production(Kirk, 2004). The ratio is termed as Stoichiometric Number (SN) and is given by the Equation
below:

Technologies for synthesis gas preparation include: Steam reforming; Autothermic Reforming and Heat exchange
reforming. The choice of technology depends on two criteria which are capital cost and efficiency of the plant. Steam
Reforming is mostly used and very efficient for capacity up to 3000tonnes/day (Martin et. al., 2014)while Autothermic
reforming is efficiency for capacity greater than 10000 tonnes/day (Kim et al., 2009), and Heat exchange being better for
capacity between two above. Figure 1 shows the steam reforming process.
b) Synthesis of methanol
The second stage is conversion of synthesis gas to methanol. It is where the synthesis gas is pressurized (compressed)
and reacted to form methanol.The synthesis gas must be compressed (After removing the excess heat from the reformed
gas) before conversion to methanol in the synthesis reactor since it is operated at high pressure (5-10MPa and
temperature 210-270 ) compared to the reforming section (Kirk, 2004). Hydrogenation of carbon monoxide and carbon
dioxide and water-gas shift reactionoccur in the reactor(Jacob et al., 2013) as shown below:

The reactions are accompained with about 48% conversion of the reactants to methanol achieved per pass across the
catalyst bed or beds (Kung, 1994).This account for continual recycling of the unreacted gases in the synthesis loop.
Synthesis Technologies with natural gas as feedstock include: Adiabatic bed reactorand Boiling water reactors(Tube
cooled reactor)(Martin et. al., 2014).The former is one in which 2-4 fixed bed reactors are in series with a cooling system
employed in between. The major drawback of this system is the much larger number of vessels and interconnecting
pipework and the much greater loop-interchanger area which lead to be costly. And the later is generally shell and tube
heat exchanger with catalyst on the tube side. As in adiabatic reactor, cooling is done. Boiling water is circulated on the
shell to provide cooling and hence temperature is controlled and optimized. The reactor has high conversion per amount
of catalyst used(Kim et al., 2009).This leads to a small converter volume. Furthermore, because catalyst volume and
heat-exchange area are combined, there are fewer equipment items needed which in turn reduces capital costs (Kirk,
2004).In both reactor as cooling is done steam is produced.

“The Role of the Engineers in addressing Climate Change, Challenges and Opportunities” | 42

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

Figure 11: Methanol plant flow sheet utilizing one step steam reforming
Source (John, 2015)
The crude methanol formed is condensed and sent to the methanol purification step which is the final stage in the
process.
c) Purification formethanol by distillation
The raw methanol is distilled in more than one distillation column, The first column is the topping column, to remove
light ends (ethers, ketones, and aldehydes) and any dissolved gases remaining in the crude methanol, including hydrogen,
methane, carbon oxides, and nitrogen. The topping column bottoms (sometimes referred to as ''topped" crude) are further
purified in one column for fuel-grade methanol and two or three refining columnsfor99.85% methanol. Two-distillation
column system (Figure 2)is recommended for least capital expenditure and for plain steam reforming and (Martin et al.,
2014). Three distillation columns is recommended for large capacities plants and is associated with high capital
expenditure but low energy utilization(Martin et al., 2014).

Figure 2.Two column crude methanol distillation
Source (Kung, 1994)
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4.0

OVERALL MATERIAL BALANCE

In determining the amount of natural gas required to produce a known amount of methanol, carbon balance is done
byconsidering carbon efficiency for the overall plant. The carbon balance considers all carbon-containing components in
the process feedstock. A typical plant and natural gas feedstock overall carbon efficiency is about 75% (Kung, 1994).
In calculation: Let F be the moles of natural gas/ methanol per hour, the amount of carbon in the natural gas in moles can
be expressed in terms of F.

Amount of carbon in moles =

(2)

Where:
yc=mole fraction of carbon compound contained in natural gas/ methanol
m = number of carbon element in carbon compound
The ratio of amount of carbon in moles in methanol to that in natural gas gives a carbon efficiency value.

5.0 RESULTS AND DISCUSSION
5.1

Plant capacity, product purity and raw material

Capacity of plant to be designed is 1MTPA (3000Tonnes/day for 8000 hours of operation per year (Sinnott, 1999))
obtained from feasibility study done by Ministry of Energy and Minerals (URT, 2016) and Wentworth (Guilhem, 2012).
The technology to be used for the natural gas preparation by considering amount of product required, cost and efficiency
of the process is Steam Reforming and methanol synthesis in Tube cooled reactor.
Purity of the methanol to be produced 99.85% so as to suit the need of both as fuel and feedstock for chemical industries
(Kung, 1994). In combination with the factors above the purification is done in two-distillation column. Raw material is
the local natural gas with the composition given in Table 1.
5.2 Process flow diagram
Process flow diagram for the process was prepared as shown in the Figure 3.
5.3 Material and energy balance
This section starts with overall material balance and then material and energy balance using ASPEN Plus Simulation
Software with results presented in Appendix 1. The results are for the process streams as shown in Figure 3.
Output information: Production of 3000 tonnes per day of methanol with 99.85% purity. This is equal to 125 tonnes/hr
or 3908.8 kmol/hr.Upon balancing (input and output elemental carbon) using carbon efficiency of 0.75 and Equation 2,
the amount of natural gas required per hour is found to be 5052 kmol/hr.This is the approximated amount of natural gas
required as raw material to start with in simulation.
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Figure 3: Methanol production flow sheet

SMR- Steam methane reformer FS-Flash separator
HT- Heater
COMP-Compressor
MSR-Methanol synthesis reactor
The simulation software results obtained are as presented in Appendix 1.

CL- Cooler
RF-Refining Column
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5.4 Validation of the results obtained using ASPEN Plus 11.1
Validation of software result was done by simulation of problem selected from literature. From the literature it was a
simulation results of methanol synthesis in reactor (RStoic reactor the same as the one used in this work) which has
all the input specifications. Appendix 2 shows both results from literature and those obtained using the ASPEN Plus
11.1 simulation software used in the work. Since the results obtained in the literature and that obtained by simulation
software used in the project are the same, it can be concluded that the simulation results obtained are reliable.
5.5 Discussion of material and energy balances result
The following is the discussion for the results obtained and later on material balance for simulation results was
compared with the literature values.
For the simulation results obtained, the property method selected and used was Peng-Robinson Equation of State
which was found to be suitable for the methanol process. Another property method which could also be selected and
used is Soave-Redlich-Kwong which on simulation would be expected to produce results approximately the same to
those produced using Peng-Robinson Equation of State. So the results obtained by software are limited to the
property estimation method selected and used.
The results obtained at reforming section which is a stream number 7 consisting of synthesis gas shown in Table 2.

Table 2.Syngas composition
Gas
H2
CO
CO2
CH4

Composition %wt
74.9
13.2
9.1
2.6

The amount of hydrogen is higher than others. For this composition in order to achieve the stoichiometric ratio for
methanol synthesis Carbon dioxide addition to steam reformer or raw syngas is needed. From the results obtained
using Stoichiometric Number (SN) of 2 in syngas for stream number 7 and Equation 1, the amount of Carbon
dioxide to beaded is found to be 1470mol/hr. The addition of carbon dioxide is of importance since it reduces
amount of natural gas used. The purity of the product methanol (99.85%) was successfully obtained using the
technologies selected.
The overall carbon conversion was 0.7674. This is slightly different from the theoretical value which is 0.75(Kung,
1994),showing that the amount of methanol produced is slight higher compared to the one expected from literatures.
This is due to the composition difference of the natural gas, operating conditions, technologies selected and used in
different steps from natural gas to purified methanol and property method used in simulation. Further studies in the
factors affecting it are needed.
The amount of natural gas required to produce 3000 tonnes/day of methanol was found to be 1988 tonnes/day. This
amount can be met by the natural gas reserves in the country since according to Natural gas utilization master plan
1.1 TCF of natural gas was portioned for methanol production for 23 years starting from 2023 (URT, 2016).
From the discussion above the stream results obtained from simulation software can be used for equipment design
purpose.
6.0 CONCLUSION
The capacity of plant obtained was 3000 tonnes/day of methanol this was due to current national demand. This was
equivalent to1988 tonnes/day natural gas.
The developed simulation for production of methanol with purity of99.85%involved three steps: steam reforming in
syngas preparation, tube cooled reaction in methanol synthesis, and two-distillation column in purification. The
ASPEN Plus Simulation Software was used.
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7.0 RECOMMENDATION
Carbon dioxide plant should be constructed to provide source for carbon dioxide for the process in order to improve
the hydrogen to carbon ratio in syngas, reduce the consumption of natural gas and reduce carbon dioxide in
atmosphere. Results obtained should be used to check/confirm feasibility of the methanol plant development.
The results should be validated and used for future process equipment design of the methanol plant.
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Appendix 1: Stream results

STREAM RESULTS SUMMARY
1
2
3
4
5
6
7
MX1
MX1
HT1
PR
HT2
SMR
CL1
MX1
HT1
PR
HT2
SMR
VAPOR VAPOR VAPOR VAPOR VAPOR VAPOR VAPOR

STREAM ID
TO
FROM
PHASE
Substream: MIXED
Mole Flow kmol/hr

CH4

4908.018

C 2 H6

52.0356

0

52.0356

52.0356

0

0

0

C 3 H8

15.6612

0

15.6612

15.6612

0

0

0

i-C 4H10

3.58692

0

3.58692

3.58692

0

0

0

n-C 4H10

4.49628

0

4.49628

4.49628

0

0

0

n-C 5H12

2.82912

0

2.82912

2.82912

0

0

0

n-C 6H14

1.66716

0

1.66716

1.66716

0

0

0

n-C 7H16

5.50668

0

5.50668

5.50668

0

0

0

n-C 8H18

2.62704

0

2.62704

2.62704

0

0

0

n-C 9H20

0.85884

0

0.85884

0.85884

0

0

0

H2 O

0

14724

14724

N2
CO
CO2

36.02076
0

H2
CH3OH
Total Flow kmol/hr
Total Flow kg/hr
Total Flow l/min
Temperature K
Pressure atm
Vapor Frac
Liquid Frac
Solid Frac
Enthalpy J/kmol
Enthalpy J/kg
Enthalpy Watt
Density mol/cc
Average MW
Liq Vol 60F l/min

0 4908.018 4908.018 5136.457 5136.457 534.1915

14724 14631.22 14631.22 8188.049

0 36.02076 36.02076 36.02076 36.02076 36.02076
0
0
0
0
0 2761.359

18.6924

0

18.6924

18.6924 65.08239 65.08239 1905.989

0

0

0

0

0

0

15647.7

0
5052
84604.82
1.57E+05
603.15
26.64693
1
0
0
-6.2E+07
-3714908
-8.73E+07
5.37E-04
16.7468
4571.824

0
14724
2.65E+05
4.28E+05
603.15
26.64693
1
0
0
-2.3E+08
-1.3E+07
-9.50E+08
5.73E-04
18.01528
4429.47

0
19776
3.50E+05
5.86E+05
601.5214
26.64693
1
0
0
-1.9E+08
-1.1E+07
-1.04E+09
5.62E-04
17.69123
9001.294

0
19776
3.50E+05
7.73E+05
773.15
26.64693
1
0
0
-1.8E+08
-1E+07
-9.95E+08
4.26E-04
17.69123
9001.294

0
19868.78
3.50E+05
7.23E+05
723.15
26.64693
1
0
0
-1.8E+08
-1E+07
-1.01E+09
4.58E-04
17.60862
9076.762

0
19868.78
3.50E+05
9.36E+05
923.15
26.64693
1
0
0
-1.7E+08
-9848066
-9.57E+08
3.54E-04
17.60862
9076.762

0
29073.31
3.50E+05
1.67E+06
1113.15
26.64693
1
0
0
-7.8E+07
-6498767
-6.32E+08
2.90E-04
12.03378
21106.05
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STREAM ID
TO
FROM
PHASE

STREAM RESULTS SUMMARY (Continued)
8
9
10
11
12
13
14
FS1
COMP1 HT3
MX2
MX2
MSR
CL1
FS1
FS1
COMP1 HT3
HT4
MX2
MIXED
LIQUID VAPOR VAPOR VAPOR VAPOR VAPOR

Substream: MIXED
Mole Flow kmol/hr

CH4

534.1915 0.006654 534.1849 534.1849 534.1849 12610.77 13144.95

C 2 H6

0

0

0

0

0

0

0

C 3 H8

0

0

0

0

0

0

0

i-C 4H10

0

0

0

0

0

0

0

n-C 4H10

0

0

0

0

0

0

0

n-C 5H12

0

0

0

0

0

0

0

n-C 6H14

0

0

0

0

0

0

0

n-C 7H16

0

0

0

0

0

0

0

n-C 8H18

0

0

0

0

0

0

0

n-C 9H20

0

0

0

0

0

0

0

H2 O

8188.049 8147.247 40.80149 40.80149 40.80149 67.51854

108.32

N2
CO
CO2

36.02076 5.26E-05 36.02071 36.02071 36.02071 858.9487 894.9694
2761.359 0.003226 2761.356 2761.356 2761.356 2548.401 5309.757
1905.989 0.266882 1905.722 1905.722 1905.722

H2

15647.7 0.036723 15647.67 15647.67 15647.67

CH3OH
Total Flow kmol/hr
Total Flow kg/hr
Total Flow l/min
Temperature K
Pressure atm
Vapor Frac
Liquid Frac
Solid Frac
Enthalpy J/kmol
Enthalpy J/kg
Enthalpy Watt
Density mol/cc
Average MW
Liq Vol 60F l/min

0
29073.31
349862
3.36E+05
308.15
26.64693
0.719758
0.280242
0
-1.2E+08
-9823357
-9.55E+08
1.44E-03
12.03378
21106.05

0
8147.561
1.47E+05
2.49E+03
308.15
26.64693
0
1
0
-2.9E+08
-1.6E+07
-6.49E+08
5.46E-02
18.01606
2451.243

0
20925.75
2.03E+05
3.34E+05
308.15
26.64693
1
0
0
-5.3E+07
-5413986
-3.05E+08
1.05E-03
9.704543
18654.81

0
20925.75
2.03E+05
2.30E+05
389.5358
49.34616
1
0
0
-5E+07
-5157436
-2.91E+08
1.52E-03
9.704543
18654.81

0
20925.75
2.03E+05
2.79E+05
473.15
49.34616
1
0
0
-4.7E+07
-4887947
-2.76E+08
1.25E-03
9.704543
18654.81

1739.04 3644.762
116706

132353

663.6716
135194
6.32E+05
1.80E+06
473.15
49.34615
1
0
0
-9841078
-2105028
-3.70E+08
1.25E-03
4.675035
120492

663.6716
156120
8.35E+05
2.08E+06
473.1016
49.34616
1
0
0
-1.5E+07
-2781753
-6.45E+08
1.25E-03
5.349173
139147
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STREAM RESULTS SUMMARY (Continued)
15
16
17
18
19
20
21
CL2
FS2
SP
COMP2 HT4
TC
MSR
CL2
FS2
SP
SP
COMP2 FS2
VAPOR MIXED
VAPOR VAPOR VAPOR VAPOR LIQUID

STREAM ID
TO
FROM
PHASE
Substream: MIXED
Mole Flow kmol/hr

CH4

13144.95 13144.95 13136.45 525.4579 12610.99 12610.99 8.506067

C 2 H6

0

0

0

0

0

0

0

C 3 H8

0

0

0

0

0

0

0

i-C 4H10

0

0

0

0

0

0

0

n-C 4H10

0

0

0

0

0

0

0

n-C 5H12

0

0

0

0

0

0

0

n-C 6H14

0

0

0

0

0

0

0

n-C 7H16

0

0

0

0

0

0

0

n-C 8H18

0

0

0

0

0

0

0

n-C 9H20

0

0

0

0

0

0

0

H2 O

1930.701 1930.701 70.33947 2.813579

67.5259

N2
CO
CO2

894.9694 894.9694 894.7539 35.79016 858.9638 858.9638 0.215422
2654.878 2654.878 2654.584 106.1834 2548.401 2548.401 0.294244
1822.381 1822.381 1811.502

H2
CH3OH
Total Flow kmol/hr
Total Flow kg/hr
Total Flow l/min
Temperature K
Pressure atm
Vapor Frac
Liquid Frac
Solid Frac
Enthalpy J/kmol
Enthalpy J/kg
Enthalpy Watt
Density mol/cc
Average MW
Liq Vol 60F l/min

121576

121576

5140.931
147165
835112
2.21E+06
533.15
49.34616
1
0
0
-1.6E+07
-2875001
-6.67E+08
1.11E-03
5.674653
129089

5140.931
147165
8.35E+05
1.24E+06
308.15
48.8527
0.956948
0.043052
0
-2.5E+07
-4437859
-1.03E+09
1.97E-03
5.674653
129089

72.4601 1739.042 1739.042 10.87835

121570 4862.815
691.4134
140829
6.58E+05
1.24E+06
308.15
48.8527
1
0
0
-1.5E+07
-3191945
-5.84E+08
1.89E-03
4.675037
125515

67.5259 1860.361

27.65654
5633.177
2.63E+04
4.96E+04
308.15
48.8527
1
0
0
-1.5E+07
-3191945
-2.34E+07
1.89E-03
4.675037
5020.582

116708
663.7569
135196
6.32E+05
1.19E+06
308.15
48.8527
1
0
0
-1.5E+07
-3191945
-5.60E+08
1.89E-03
4.675037
120494

116708 6.022467
663.7569
135196
6.32E+05
1.18E+06
309.3594
49.34616
1
0
0
-1.5E+07
-3184125
-5.59E+08
1.90E-03
4.675037
120494

4449.517
6335.795
1.77E+05
3.64E+03
308.15
48.8527
0
1
0
-2.5E+08
-9079368
-4.46E+08
2.90E-02
27.89369
3573.951
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STREAM RESULTS SUMMARY (Continued)
22
23
24
25
RF
TC
TC
RF
RF
VAPOR LIQUID LIQUID LIQUID

STREAM ID
TO
FROM
PHASE
Substream: MIXED
Mole Flow kmol/hr

CH4

8.506067

1.2E-20

0

0

C 2 H6

0

0

0

0

C 3 H8

0

0

0

0

i-C 4H10

0

0

0

0

n-C 4H10

0

0

0

0

n-C 5H12

0

0

0

0

n-C 6H14

0

0

0

0

n-C 7H16

0

0

0

0

n-C 8H18

0

0

0

0

n-C 9H20

0

0

0

0

H2 O

0.715558 1859.646 1853.439

6.2064

N2
CO
CO2

0.215422 1.5E-25
0.294244 7.15E-28

0
0

0
0

10.87835 8.94E-14

0

0

H2

6.022467 2.56E-29

0

0

337.3558
2190.795
4.42E+04
8.47E+02
356.66
1
0
1
0
-2.8E+08
-1.4E+07
-1.67E+08
4.31E-02
20.17525
784.3615

3993.794
4000
1.28E+05
2.85E+03
337.2233
1
0
1
0
-2.4E+08
-7398631
-2.63E+08
2.34E-02
32.0204
2686.668

CH3OH
Total Flow kmol/hr
Total Flow kg/hr
Total Flow l/min
Temperature K
Pressure atm
Vapor Frac
Liquid Frac
Solid Frac
Enthalpy J/kmol
Enthalpy J/kg
Enthalpy Watt
Density mol/cc
Average MW
Liq Vol 60F l/min

118.3679
145
4447.286
1.05E+05
320.9968
0.6
1
0
0
-2E+08
-6469888
-7.99E+06
2.30E-05
30.67094
102.9212

4331.149
6190.795
1.72E+05
3.65E+03
330.0681
0.6
0
1
0
-2.5E+08
-9041361
-4.33E+08
2.83E-02
27.82864
3471.03
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APPENDIX 2. Results for Validation.
Literature results

Obtained results

Stream to reactor ID

Input

Output

Input

Output

Temperature (F)
Pressure (Psi)

482.000
450.000

482.000
450.000

482.000
450.000

482.000
450.000

Vapour Frac
Mole Flow (lbmol/hr)
Mass Flow (lb/hr)

1.000
60.000
798.841

1.000
53.000
798.841

1.000
60.000
798.841

1.000
53.000
798.841

1347.392

1190.197

-2.00E+06

-2.00E+06

-2.00E+06

Volume Flow (cuft/hr)
Enthalpy (Btu/hr)

-2.00E+06

Components Mole Flow (lbmol/hr)
Carbon monoxide

9.600

6.600

9.600

6.600

Carbon dioxide
Methanol

10.200
0.000

9.700
3.500

10.200
0.000

9.700
3.500

Hydrogen

40.200

32.700

40.200

32.700

Water

0.000

0.500

0.000

0.500
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3
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ABSTRACT
Despite the mangrove values of coastal protection, fish and wildlife habitats, sediments and pollution
filtering and carbon sequestration, mangrove areas in Rufiji delta in Tanzania have quickly declined in
recent decades and many remaining habitats suffer from unsustainable use. Apart from human threats, the
changes in sea level have altered flooding patterns which affects the traditional structure and areal scope
of mangroves ecosystem of Rufiji delta. This paper reports on the study conducted with the purpose of
identifying the climatic and non-climatic factors that threatening mangrove ecosystems and coastal
community livelihoods in Rufiji district.
This study employed both qualitative and quantitative research designs. The study involved scoping
fieldwork, key informant and detailed survey.
The result show that Almost (88.7%) of the respondents have knowledge on mangrove forest protected area
and its advantages. However, most the coastal communities in the surveyed villages depend on mangrove
forest for their livelihood. The study also reviled claimant changed resulting in recurrent drought which is
caused by rainfall variability and change, most of villagers started to cultivate in mangrove protected area
(floodplain) for subsistence agriculture in Rufiji Delta.
From the result it is concluded that local communities have broad local knowledge concerned with
ecosystem of Mangroves. However spontaneous clement changes in the study area affect the livelihood of
Coastal communities especially in agriculture and fishing; hence indirectly causes deforestation of
Mangroves.
Keywords: Climate change, Mangrove, Rufiji Delta, mangrove ecosystems

1.0

INTRODUCTION

In Tanzania, mangroves ecosystem has ecological and economic significance and it is estimated to occupy 115,500
ha from the border with Kenya to Mozambique in the south and fringe many of the islands off the coasts (Adam,
2002; Duarte, Losada, Hendriks, Mazarrasa, & Marbà, 2013) Mangrove ecosystem plays significant roles to coastal
community such as offering shelter, food and breeding grounds for a large variety of fish, shrimps, alternative source
of food (herbs, honey, and fodder), fuel wood, fences, mangrove poles for house construction and boat building,
making fish traps(Semesi, 1998; Sesabo, 2007). According to (Erftemeijer & Hamerlynck, 2005) the Rufiji Delta is
one
of
the
most
important
wetlands
in Tanzania,
owing
to
its
significant
biodiversity and vast mangrove forest resources, that cover some 53,255 ha or 46% of the
country's total mangrove area.
According to recent study by Danile Alongi (2018) mangroves play an important role in regulating climate by
sequestering carbon within soils and to a lesser extent in forest biomass, as well as exchanging carbon dioxide with
and emitting methane to the atmosphere. His study reveal that the rate of soil accretion averages 5.8 mm yr⁻¹ with
most measurements between 0 to 2 mm yr⁻¹. The median is 3 mm yr⁻¹ with one standard error of 1.0 mm yr⁻¹. The
average carbon sequestration rate is 171 g Corg m⁻² yr⁻¹ with a median of 103 g Corg m⁻² yr⁻¹. Assuming a global
area of 137,760 km², and using the median value, carbon sequestration in mangroves equates to 24 Tg Corg yr⁻¹.
Assuming a destruction rate of 1-2% yr⁻¹, we can estimate a loss of carbon equivalent to 5 to 11% to recent estimates
of global deforestation.(Daniel M Alongi, 2008; Daniel M. Alongi, 2018).
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Others studied found that mangroves stabilize the coastline, protecting it from erosion, prevent the siltation of coral
reefs by trapping sediments and build land through the accumulation of silt and mud as well as absorbing pollutants
washed from the land (Daniel M Alongi, 2015; Field, 1995; Wells & Ravilious, 2006). However From a geological
perspective, mangroves come and go at considerable speed with the current distribution of forests a legacy of the
Holocene, having undergone almost chronic disturbance as a result of fluctuations in sea-level(Daniel M Alongi,
2008)
Furthermore
Mangrove
are
likely to
be
early indicators
of the
effects
of climate
change (Field, 1995). In Tanzania mainland, Mangrove ecosystem are mainly concentrated in the Rufiji delta
around villages such as, Nyamisati, Mchungu, Salale and Mfisini than elsewhere in Rufiji whereby in rural coastal
areas settlements are interspersed within the mangroves on small islands which can be reached only by boat(Lange
& Jiddawi, 2009) On the other mangroves ecosystem Climate change poses a serious challenge to both
environmental as well as socio economic development(Change, 2001; Parry et al., 2007).
Rufiji delta in Tanzania, have showed inherent resilience owing to location on an uplifted coastline with a macro
tidal range, but showed vulnerability from human impacts and lower local community management capacity. Despite
the mangrove values of coastal protection, fish and wildlife habitats, sediments and pollution filtering and carbon
sequestration, mangrove areas have quickly declined in recent decades and many remaining habitats suffer from
unsustainable use. Apart from human threats, the changes in sea level have altered flooding patterns which affects
the traditional structure and areal scope of mangroves ecosystem of Rufiji delta. The salt water intrusion into the
fields of rice seedlings is one of the impacts of climate change which is caused by surging tides from the Indian
Ocean.
In Rufiji delta a thousands of farmers have been accused for destructing and destroying mangroves which
traditionally protected the area from climate change agents like storms, winds, drought, and floods as they invades
mangrove land for new farms to grow their rice crops and salt farms whereby their old farmlands are being damaged
by salt-water intrusion and sea level rise(Erftemeijer & Hamerlynck; Makoye, 2012) .
2.0 METHODOLOGY
This study employed both qualitative and quantitative research designs. This study involved scoping fieldwork and
detailed survey. During the scoping mission three tasks were performed to meet the aims of the study. These tasks
include organizing a village meeting for the participatory rural appraisal (PRA), clustering the villages for sampling
purposes and finally selecting key informants and individuals for the focus group discussion and household survey.
The quantitative design was used to draw information from respondents through household survey whereas
representative of the household while Qualitative design was used to match quantitative data. This was
implemented through participant observation, key informant and group discussions.
2.1 Sample size and design
This study was conducted in three villages in Rufiji delta which are Nyamisati, Mfisini and Mchungu. During the
study the following households were surveyed which are 567,502 and 644 respectively. Due to water tides, time and
financial constraints the average of 5-10 % of the total households from all villages was selected randomly to
provide needful information for the study Therefore total of 41, 26 and 39 households for Nyamisati, Mfisini and
Mchungu villages respectively were sampled with total of 106 households.
Distribution of household sample in each village
S/N

Village names

Sample frame (Number of

Sample size

households)

(5-10%)

1

Nyamisati

567

41

2

Mfisini

502

26

3

Mchungu

644

39

Total

1713

106
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3.0
3.1

RESULTS AND DISCUSSION
Household’s occupation and economic activities

Findings indicated that 93.4% of all the households depend on subsistence farming as their main source of income.
In relation to that 50.9% of respondents depend on fishing. Also, the proportion of households which is 15.1%
depends on casual labor. Similarly, the other 8.5% depend on trading that includes, (e.g. fishery, small shops and
selling of forest products e.g. timber and building poles) as their main source of household income. The same
proportion of the households relies on selling charcoal, livestock keeping and wage employment whereby each
source of income takes 9%. Lastly, the smallest proportion of the households which is 1.9% depends on salt making.

Respondents’ main occupations, majority of the respondents (93.4%) are engaged in crop production in Nyamisati,
Mchungu and Mfisini respectively. About 50.9 % respondents are engaged in fishing activities whereas farming and
fishing are the main economic activities. Most of smallholders farmers in these villages they cultivate paddy farming
especially in inner delta (island delta), but their livelihood also are diversified to trading, casual labor, livestock
keeping, selling of charcoal and salt making.
3.2 Farming in Rufiji Delta
In Rufiji Delta agriculture activities is practiced in northern mangrove zone (island zone) which favored by high
flood season of Rufiji River that bring a lot of fresh water in the Delta and that lowering salinity on the island zone
and favored agriculture activities. Therefore agriculture production in Rufiji Delta are flood dependent (rain fed)
because during low flood season the island zone become more saline due to high tides which is unfavorable for
agriculture e.g. paddy cultivation.
Mchungu village Key informant Case Study; Smallholder farmers on paddy farming revealed that,
“Paddy farming in Rufiji delta depends on seasonal flooding particularly during rain seasons were flooding is more
dominant in a delta over ocean tides by increasing fresh water and reduces saline. This mechanism is operating
through kupwa na kujaa kwa bahari.”
According to FGD, agriculture activities in Rufiji Delta can be traced back since 1970’s although it was practiced in
small scale in villages such as Mchungu, Mfisini and Nyamisati in the outer Delta and not in the island zones. Due to
increased demand and scarce of suitable land in outer delta for paddy cultivation the majority of famers migrates to
the island zones to open new farms where seasonal flooding of Rufiji River reduces saline to the island and favors
paddy cultivation.
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S/N

Years

Rate of transformed mangrove forests into farming (hectares)

1

1995

3,800

2

2011

8,700

3

2016

10,000

Total

22,500

3.3 Mangroves degradation from 1995-2016 in Rufiji Delta
In 1995 it was noted that 3,800 hectares of mangrove forests was degraded due to agriculture activities, increased
business of timber and building poles in Rufiji Delta. In 2011 up to 8,700 hectares of mangrove forests has been
transformed into timber, building poles business and agriculture production and in 2016 it is approximated 10,000
hectares of mangroves forests has been cleared for the same demand along the Rufiji delta (URT, 2013).
3.4 Cultivation in Mangrove Protected Area
In Rufiji Delta, farming contribute 93.4% (refer table of indicators of climate change above) of livelihood activities
where by paddy cultivation is predominantly in inner delta zone (floodplain) which is characterized by mangrove
forests. In this sense, paddy involves clearance of mangrove forest which is contrary with mangrove restoration and
conservation. During FDG, it was noted that ongoing paddy cultivation in lower delta belt has long history since
1970s due to consequences of drought in upland of Rufiji District. With this prolonged period of mangrove clearance
for paddy farming and timber/building poles trade that largest contributed to mangrove forest clearance hence
mangrove forest degradation which resulted to maladaptation in Rufiji Delta.
Due to recurrent drought which is caused by rainfall variability and change, most of villagers started to cultivate in
mangrove protected area (floodplain) for subsistence agriculture in Rufiji Delta. Since 1995 to March 2016 almost
10,000 hectares of mangrove was degraded for paddy farming. In this regard, cultivating in mangrove ecosystem in a
long run resulted to environmental degradation hence maladaptive in Rufiji Delta (e.g. Vincent et al., 2013: Pauline,
2015; and Tumbo 2015). The ongoing agriculture production in Rufiji Delta seen to be ineffective and unsustainable
adaptation strategies in a face of climate change and variability and therefore transformative adaptation should be the
central focus for effective and sustainable adaptation strategies. For example the ongoing Mangrove restoration
project in Rufiji Delta.

Plates 3. Showing mangrove destruction in Rufiji
Delta

Plates 3. Showing community groups participating
on mangrove restoration projects (planting of
mangrove seedlings).
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Over 21 years human threat on mangrove ecosystem have increased geometrically and degraded approximated,
22,500 hectares of mangrove forests that have been transformed into new farms for paddy cultivation and timber
trading inside mangrove land whereby their old farmlands are being damaged by drought, salt-water intrusion and
sea level rise (Makoye, 2012).
Apart from agriculture activities that contributes over 80% of mangrove deforestation along the Rufiji Delta, there
also timber and building poles trading, fire woods, salt making as well as fishing activities that contributes to
mangroves deforestation along the area (Mcleod et al, 2006).
3.5

Perceptions on mangrove protected area and mangrove management as adaptation options to climate
extremes

In Rufiji Delta, 88.7% of respondents showed they understand presence of mangrove protected area. Only, 11.3%
recounted that, they have no any knowledge of mangrove protected area.
Responses

Percent

Yes

88.7%

No

11.3%

Almost (88.7%) of the respondents asserted they understand on the availability mangrove forest and the importance
of mangrove forest protection. Only 11.3% of respondents have no knowledge on mangrove forest protected area
and its advantages. Most the coastal communities in the surveyed villages depend on mangrove forest for their
livelihood. In the use of FGD, local communities asserted that different projects in mangrove restoration are viable
and advantageous for their livelihoods. Almost all respondents in FGD provided that, mangrove product and services
can provide more options for adapting from climate extremes (e.g. floods and droughts). For example production of
building poles, hard wood for canoes building and timber hence it increases revenues in the village government.
Also can be source of livelihood diversification. On the other hand, respondents said mangroves provide services
such as medicines, carbon sink, control soil erosion and regulation of local climate in the study area.
3.6 Projects and Programs assisting Mangrove Ecosystems and Environmental Management
In the study area, 99.1% provided that, they understand on the presence of NGOs and Government institutions
providing mangrove ecosystem management funds, mangrove seedling, education and transport. Whereas, only,
0.9% of the respondents they do not know any assistant and efforts done by NGOs and Government institution on
mangrove ecosystem management.

Perceptions on the presence of programs and projects
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There are different projects and government efforts done to improve coastal communities livelihoods in Rufiji
District. Projects mentioned durimg FGD with different social groups includes Marine and Coastal Environment
Management Project (MANCEMP), Beach Management Unit (BMU) under WWF. Currently there is Mangrove
Restoration Project under UNEP which supervised by Rufiji District Council and Vice President Office Environment
Department.
During FGD, it was noted that both projects use community participatory approach through formulation of
community groups of which Nyamisati have 10 community groups of 35 memberships each, Mfisini 9 group of 20
memberships each and Mchungu 9 group of 20 memberships each with equal gender representative.
S/N

Name of village

Number of group
member

Number of groups per
village

Total member

1.

Nyamisati

35

10

350

2.

Mfisini

20

9

180

3.

Mchungu

20

9

180

Grand Total

75

28

710

Social groups for environmental management
The project like mangrove restoration involves communities to plant mangrove seedlings to cover 1200 hectares in
phase one and depends on funds availability the project aimed to restore approximately 10,000 hectares that has been
degraded by human activities and the impacts of climate change. This is mainly, aimed at avoiding mangrove
clearance for paddy farming, timber trading and promoting mangrove restoration and conservation in the study area.
3.7 Indicators of climate change in the study area
According to the findings collected 91.5% of respondents said there is an increase of temperature, while 90.6% said
there is a change of rainfall. On the other hand, 89.6% of the respondents agreed on the decrease of rainfall and
79.2% of the views were in support of the prevalence of drought. Furthermore, 45.3% and 26.4% of respondents
asserted that there is an outbreak of pests and increase of rainfall. 20.8% of respondents accented on there is sea level
rise. Finally, there were only 2.8% of the respondents who said there is an increase of cyclones.

Perceptions on the indicator of climate change
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Most of farmers link climate variables and crops production in the study area. Then, any change occurred farmers are
well-informed particularly on climate change and variability. The same criteria used by other researchers on linking
crop production and climate change (e.g. Shemdoe, 2011; Pauline 2015, Tumbo, 2015). In that realm, it can be urged
that, local communities have enough knowledge and expertise with the environment they live in (Colding et al.,
2003). Therefore, studying climate extremes and its effects, local perceptions must be incorporated because
indicators of climate change are directly linked to crop productions.
3.8 Rainfall and temperature perceptions
Results show that most of the respondents (76.4%) claimed that rainfall has been decreasing during the past decades.
However, proportion of the respondents (21.7%) said that rainfall is increasing and a small proportion of respondents
1.9% provided that there is no change on rainfall trend (e.g. increase or decrease) in the study area.
Rainfall patterns from Rufiji Meteorological Station since (1980 to 2014) indicate that rainfall trend where rainfall
pattern is (y=-11.772x+1009.9) where (R2 = 0.356). This mathematical equation is based on annual rainfall from the
study area.

Rufiji (Utete)-meteorological rainfall from 1980 to 2014
Source; TMA, 2015
4.0

CONCLUSIONS AND RECOMMENDATIONS

The results of this study revered that local communities have broad local knowledge concerned their surrounding
environment that always guided them to determine climate change occurring in their environment. From local
communities’ perception climate extreme events such as drought, floods, change of rains season, increase
temperature and decrease rainfall are associated with climate change and they affects their livelihood activities such
as agriculture and fishing.
Even though local people have higher knowledge on Mangroves but Climate change as global phenomenon already
affects Rufiji District and in particular Rufiji Delta communities who still depends on nature for the livelihood
support. Small scale fishing and paddy farming are the common economic activities in Rufiji delta that have
significantly impacted by climate change and that leading to decline of food insecurity hence contributes to
mangrove deforestation along the area.
The study call for social–economic intervention by promoting livelihood diversification that will reduce pressure of
mangrove resources. These intervention may include project that support livelihood diversification (e.g. beekeeping,
micro-economic business) etc. Also the established projects should focus on public involvement and empowerment;
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establishment of village forest management that will provide win-win situation; provide conservation education to
local communities through sustainable harvesting of mangrove forest products (e.g. timber and building poles).
The study also recommend that transformative adaptation should be the central focus for effective and sustainable
adaptation strategies to climate change impacts through promoting irrigation farming, specific communities
mangrove forests for trade, promote modern fishing, beekeeping, livestock keeping as well as promote agriculture
intensification along the area.
The study noted that, ongoing paddy cultivation in the study areas is growing in expenses of mangrove forests
inside the delta that ensure soils fertility and low saline, mechanism of river to wash away salt water during floods,
soft water availability hence threatening ecological functions of the mangrove forests. More government programs
and community groups in the form credit cooperation societies (SACCOS) should proceed in increasing awareness
of saving Mangroves in Rufiji Delter.
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ABSTRACT
The scope was to assess the Critical Success Factors (CSF) that contribute to the implementation of TQM in
construction process. The study identified and analyse factors affecting Total Quality of Management. A survey
was conducted by distributing questionnaires to construction professionals. The data were analyzed statistically
by using Average Index. The factors with low Average Index (5.661) were described as strong disagreed while
those factors with high Average Index (7.563) were described as strong agreed. The most tested critical success
factors that contribute to the implementation of TQM in construction process in Tanzania are Supply Chain
Management (A.I=7.563, rank=1), Process Management (A.I=6.625, rank=2), Customer Focus (A.I=6.354,
rank=3), and Continuous Improvement (A.I=6.177, rank =4). Others were Management and Leadership
(A.I=5.703 rank 5) as well as Employee Satisfaction/ Empowerment (A.I=5.661, rank= 6). In each major
dimension sub item ware also analyzed and discussed. From the findings, it is concluded that, the organizations
can benefit from thorough understanding of the CSFs to the success of TQM. However, the adoption of critical
success factors may impede the achievement of the desired performance.
Keywords: TQM, Quality control, quality of the construction

1.0 INTRODUCTION
The total quality management is the culture of an organizations committed to total customer satisfaction through
continuous improvement (Mohammad, 2014). The critical success factors of TQM can be implemented in small, medium
and large construction firms and it can be grouped into management leadership and support, culture, information
technology, strategy, measurements, roles and responsibilities (Wong, 2012). Furthermore, it was further noted that,
organization can certainly benefit from a more thorough understanding factors that are critical to success of the
construction firm.
However, the adoption of factors which are not suitable can impede the achievement of desired performance therefore
the carefully must be exerted in the development of CSFs for construction firms.
Haupt (2004) revealed that, if TQM is to be implemented successfully on construction sites the inhibitive issues need to
be addressed on a comprehensive and integrated basis. The TQM should be applied beyond management levels and
include workers on construction sites and these workers must be empowered, involved and trained in problem solving.
Tanzania’s construction industry is a sector of the economy of that transform various resources into constructed physical
economic and social infrastructure necessary for development (MoW, 2003) This sector encompasses the planning,
design, procurement, production, refurbishment, repair, maintenance and demolition activities. According to MoID,
(2006), the construction sector creates about 9% of employment and an average construction in capital formation is about
57%.
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However, the quality of the construction product of Tanzania is in traditional approach through various site inspection
and approval of construction materials.
Besterfield (2008) address that many analytical studies conducted in different countries show that, there is a scarcity of
information about the nature and stage of TQM implementation Cheng J. et al, (2011) recommend that, failure in the
implementation of the TQM is caused by the mismatch with an organizational culture For a successful implementation of
TQM, organizational participants should have a clear and common understanding and agreement on approach towards
achieving the quality goals TQM require a change in organizational culture and must focus on meeting customer’s
expectation and increase the involvement of all employees to meet the quality as an expression of ethics of continued
improvement (Catalin et al, 2011).
This study was aiming at development of total quality management framework to improve the construction process in
Tanzania.
1.1.

Critical success factor for TQM

According to Koh et al., (2010), great expenditures of time, money and resources, both human and material, are wasted
each year because of inefficient or non-existent quality management procedures. They further noted that the attainment
of acceptable levels of quality in the construction industry has long been a problem limited amount of research being
undertaken concerning TQM in developing countries, contrary to countries with established economies (Gosen J. et al.
2005). Cheng J. et al., (2011) suggested that failure in the implementation of TQM is caused by the mismatch with
organizational culture; therefore, for successful implementation of TQM, organizational participants should have a clear
and common understanding and agreed on approach in achieving the quality goals. Catalin et al., (2011) argued that
TQM requires a change in organizational culture that must focus on meeting customer expectation and increasing the
involvement of all employees to meet the quality as an expression of ethics of continued improvement. Since everybody
is the customers of the companies of the industry, improvements in the sector can help to increase the quality of life
(Ballard and Howell, 2003, Formoso et al., 2002). According to Holt et al. (2015), the implementation of TQM embraces
the philosophy, principles, processes, practices and procedures necessary for providing the customer satisfaction as well
as achieving significant improvements in productivity and business performance. Therefore, commitment and
perseverance from senior management and employees are necessary to embark on the quality journey. Koh et al., (2010)
revealed that TQM needs the understanding of organizational culture and changing of its underlying values so that
quality becomes a state of mind of organizational members. This proposition has been made in the manufacturing and
service industry. Based on their studies, they recommended the modification of organizational culture in response to
diagnosis on the weak culture aspects that requires fortification and adaptation of TQM practice to better suit the
prevailing organization culture so that quick result can be attained. The study carried out by Fotopoulos et al., (2009),
argued that, the implementation of Critical Success Factors (CSFs) of TQM would lead to enhance return on investment,
increase in asset base and greater market share of business organization, and this avert the failure in corporate.
1.2.

The barriers of implementing TQM

An implementation of TQM framework provides some challenges during the implementation that should not be
overlooked. The challenges need to be addressed in order to increase confidence in using an automated system of TQM.
Engaging in construction efforts could prove to be highly rewarding add buildings firms. However construction is risky
and can be disastrous if not properly managed.
(Alinatwe. H, 2009). He further stated that, the construction firms can escape the barriers by identifying and evaluating
the effect of production barriers by using the priority list that includes the strongest barriers as well as easiest barriers so
that they can enhance the chance of minimizing waste.

“The Role of the Engineers in addressing Climate Change, Challenges and Opportunities” | 63

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

Polat G. et al (2011) urged that, the implementation of TQM in the construction industry promises several benefits such
as more repeat, customers, reduced reworks, improved employee job satisfaction, high productivity, improve budget
performance, schedule performance, better chances in bidding process with prequalification, increase market share. But
several barriers to the extensive deployment of TQM in the construction industry such as lack of top management’s
leadership and support, unqualified workforce, lack of effective teams is commonly believed to be the cause of TQM
failures during implementation. Moreover, in construction process, a company ability to deliver a quality product in a
safe manner is the key to business success.
According to Loushine T. W (2010), the integration of safety and quality management is a possibility but it requires
much more research before it can truly become a reality
The research conducted by Wallece, (2009) grouped challenges into three categories, namely:- 1organization or people
related factors (lack of executive sponsorship, resistance to change) 2 technical related factors (system reliability,
security software, internet access, password, ICT infrastructure); and 3 process related factors (density of communication
channels, data ownership, difficult in quantifying costs).
Adusa-Poku et al, (2014) illustrated an overview and communicate a new vision to the organization, to force
management to address a substantial list of key issues which otherwise might not be addressed, to provide valuable
insights into the organization’s strength and weakness and overall strategic position in the market place.
2.0

METHODOLOGY

This study aims to develop the total quality management framework in construction process. To achieve this, the
questionnaires was designed and delivered to 108 staff of Tanzania Buildings Agency of Tanzania. About 64
questionnaires were returned. This corresponds to a response rate of 59%. The data were analyzed by using Statistical
Package for the Social Science (SPSS). The formulas for Mean and Average index below were used in data analysis:………………………………

(1.1)
….. (1.2)

Where
A.I= Average Index
N= Total number of Respondents,
n1= Frequency of Strongly Disagree
n2=Frequency of Disagree,
n3=Frequency of Neither Agree nor Disagree
n4=Frequency of Somehow is Agree,
n5=Frequency of Agree
nk = Frequency of Strong agree
k= is an array number

In order to assess the critical success factors that contribute to the implementation of total quality management in the
construction process, the 23 CSFs were grouped into six (6) dimensions such as 1 management and leadership 2
continuous improvement, 3 customer focus, 4 employee satisfaction/ improvement, 5 process management and 6 supply
chain management. In order to validate the findings, the factors with a low mean (2.680) were described as strong agreed
and that with a high mean (2.929) were described as strong disagreed.
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The analyses of factors that affect the implementation of TQM were done by calculating the average index of factors
for each item. The factor with low average index (9.094) was described as strong disagree and that with high
average index (9.484) was described as strong agree.
The average index for each group was conducted to identify the critical success factor in the domain. CSFs of the
major domain were computed by using average index (A.I). The CSF with low average index (5.661) was described
as strong disagreed while that with high A.I (7.563) was described as strong agreed.

3.0

RESULTS AND DISCUSSION

3.1

Results

In this study, a total of 64 questionnaires (59% of 108 respondents) were collected and analyzed. The data
analysis process was governed by qualitative and quantitative approach by using content analysis and
Statistical Package for the Social science (SPSS) respectively.
3.1.1

Factors that affect implementation of TQM

A total of seven (7) factors were identified and presented in ranking average index value (see table 3.1). Lack of
management and support (9.484) was ranked number 1, lack of resources and skilled experties (9.359) ranked
number 2. Difficults in mapping process ranked 3. Other were Lack of statistical quality control techniques (9.250)
ranked 4, No developed standardized procedures (9.234) ranked 5 and Bad attitude and behavior (9.094) ranked 6.
Lastly in rank was Excess documentation required (8.813) of technical experts which ranked 7.
Table 4: Factors that affect the implementation of TQM
Factors that Affect TQM

1

2

3

4

5

6

7

Average
Index

Rank

1

Lack of management
commitment and support

3

5

2

15

25

31

31

9.484

1

2

Lack of resources and
skilled expertise

1

0

9

11

28

33

27

9.359

2

3

Lack of Statistical quality
control techniques

5

2

9

26

17

25

31

9.250

3

4

No developed
standardized procedures

8

1

11

16

29

25

27

9.234

5

5

Excess documentation
required

14

12

4

4

25

33

25

8.813

7

6

Difficulties in mapping
processes

6

11

8

13

22

31

28

9.313

4

7

Bad Attitudes and
Behavior

5

11

9

19

26

28

22

9.094

6

No.

“The Role of the Engineers in addressing Climate Change, Challenges and Opportunities” | 65

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

3.1.2

Critical success factors for implementation of TQM

The results in table 3.2 indicate that, in the domain of management/ leadership, it was observed that ‘management
create quality awareness among employees’ is the most critical factor having the average index of 5.391. At the same
time in domain of continuous improvement it was observed that ‘company evaluating performance and takes
measure to improve it’ was the most critical factor and it has an average index of 6.469. In customer focus it was
observed that ‘company gives full attention to client needs’ had an average index of 6.922 making it the most critical
factor in this domain. In domain of employee satisfaction/ empowerment, the ‘company encourage teamwork’ is the
critical factor with an average index of 6.609. Analysis of process management, it was observed that ‘reviewing
drawing and specifications prior to construction’ had an average index of 7.156 as the most critical factors. In
supplier chain management, the analysis shows that ‘thoroughly examine the supplied materials before their use had
an average index of 7.609 and is the most critical factors.
Table 5: critical success factors that contribute to the TQM

1

Average
Index

Rank

5.703

5

31

6.047

4

35

22

5.453

3

13

34

31

5.500

2

13

9

39

27

5.391

1

15

17

36

33

6.125

5

6.177

4

32

6.078

2

31

38

5.984

3

43

37

6.469

1

6.354

3

42

6.922

1

42

30

6.016

2

45

33

6.125

3

No.

Critical Success Factor

2

3

4

A

MANAGEMENT/LEADERSHIP

1

Management has a clear vision for
implementing quality goals

11

5

21

37

2

Management is committed to ensuring the
success of the quality policy

5

14

22

3

Management empowers
all employees
to have adequate knowledge in quality
procedures

4

9

4

Management creates quality awareness
among employees

1

5

Management is supportive of technology
advancement to improve quality

2

B

CONTINUOUS IMPROVEMENT

6

Company encourages employees to be
creative and innovative in improving
processes

14

5

15

40

7

Company has an improvement perception not
just maintaining the traditional work methods

10

7

15

8

Company evaluates performance and take
measures to improve it

12

3

13

C

CUSTOMER FOCUS

9

Company gives full attention to client needs

5

12

16

39

10

Company gives feedback forms to clients
after delivery of products

11

4

16

11

Company has mechanism to measure client
satisfaction

14

9

5

5
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No.

Critical Success Factor

D

EMPLOYEE SATISFACTION/
EMPOWERMENT

12
13
14

1

Company encourages suggestions from
employees
Questionnaires and complaint forms are
available to collect employee satisfaction
information
Employees enjoy job descriptions and
working environment

2

3

4

5

Average
Index

Rank

5.661

6

8

15

21

23

31

5.438

6

6

12

5

33

32

5.266

7

7

3

11

22

34

4.750

5

15

Social relations are encouraged in the
company

12

14

3

33

35

5.563

4

16

The company encourages teamwork rather
than individual work

17

3

9

32

49

6.609

1

17

Good communication is encouraged to
eliminate fear/withdrawal

6

9

11

37

33

5.781

3

18

Self-improvement is encouraged to improve
skills and performance

9

13

8

41

35

6.219

2

E

PROCESS MANAGEMENT

6.625

2

19

There is clarity of work processes and
methods

3

2

17

37

28

5.406

2

20

Check sheets are available to monitor the
adherence of scheduled processes

8

14

17

39

45

7.313

3

21

Drawings and specifications are reviewed
prior to constructions

5

17

11

44

42

7.156

1

F

SUPPLIER CHAIN MANAGEMENT

7.563

1

22

Supplied materials are examined thoroughly
before being used.

3

2

10

45

54

7.609

1

23

Company maintains regular suppliers to
ensure consistency.

5

9

7

48

49

7.516

2

After analyzing each factor in each domain the Average index (A.I) was computed between the domain and the
result is summarized in table 3.3 that shows the most from the top with high average index (7.563) to the least with
low average index (5.661)
Table 6: The results of Domain CSFs
Critical Success Factors
1.

Average Index

Supplier Chain
Management

7.563

2. Process Management

6.625

3. Customer Focus
4. Continuous Improvement

6.354
6.177
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Critical Success Factors

Average Index

5. Management/ Leadership

5.703

6. Employee Satisfaction/
Empowerment

5.661

This research also identified and presented a results for the inputs of the TQM framework. A total of eight (8)
inputs were analysed and presented ranking in percentage value. Figure 2.1. Regarding the outputs of TQM
Framework, a total of five (5) outputs were identified and presented ranked in percentage value (Figure 2.2).

Figure 12: The inputs of TQM Framework

Figure 13: The Outputs of TQM Framework
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3.2

Discussion

3.2.1

Factors that Affect Total Quality Management

Conserning factors that affect TQM, In construction sector, some challenges are caused either by clients and project
managers, clients and consultants or clients and contractors. Olander and Landin (2011) argue that, the challenges
between clients and project managers faces in construction process have to do with the implementation of the
projects in such a way that effect of negative impacts are minimized. In quality performance, TQM is affected by the
conflict arises among project participitants, hostile socio-economic, lack of knowledges, faults of project
conceptualization and aggressive competition during the tendering process (Hoang, 2006)

3.2.2 Critical Success Factor for Implememntation of TQM Framework.
The most top three critical success factors can be disccused in subsection bellows: i.
Supplier Chain management
The studies have shown that, the element of supplier chain anagement are most contributing elements towards
achieving process management. In supplier chain management, the supplied materials should be examined
thoroughly before being used. This is done to verify whether the materials meet the required specifications and
quantity as specified by professional designers. Hietschold et al, (2014), Ibem (2012) supported it by encouraging
the practitioners to use such results of TQM as one of the critical factor. For qualiy control and quality assurance, the
construction firms should maintain the regular supplier to ensure the consistency.
ii.
Process Management
The carefully review of drawings and specification prior to construction is believed to lead to the success in TQM in
the construction process. The drawings, check sheet and clarity of work process play a significant role in enhancing
the quality of construction process. Process management is required to ensure the quality of product (Harrington et
al, 2012 and Tang et al, 2005).
iii. Customer Focus
As a matter of fact, customer focus with average index 0.117 should have ranked the first and not the third as
indicated in the surveyed data; this is because in the construction process, the first thing to be considered is the
customer requirements. For ISO 9000 certified organizations, customer focus and satisfaction received the highest
rating (Tari I.J, 2010).
Oakland (2013) confirmed that giving attention to meeting customer needs is paramount in customer loyalty.

4.0

CONCLUSION AND RECOMMENDATION

From this research, we can conclude that, the most top three factors significantly affect implementation of TQM
were top management support, lack of expertise and lack of quality control mechanism. Therefore, the construction
firms in Tanzania should practice TQM framework. In this framework the management does not make frantic
decision to prevent problems but rather to solve them after their occurrence. Moreover, this study can conclude that,
in order to meet the customer needs, the drawings and detailed specification should be reviewed together between
the client and professional designers and to reach the conclusion for those drawings and provides detailed
specification to be used in the construction process. The supplied materials should be examined thoroughly before
being used in the construction. This is done to ensure that the materials from suppliers must meet the specifications
and quantities as per professional designers.
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IMPLEMENTATION OF NATIONAL PHYSICAL ADDRESSING AND POSTCODE
SYSTEM TO SUPPORT PRODUCT AND SERVICE DELIVERY IN TANZANIA
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Telecommunication Engineer
Ministry of Works, Transport and Communication (Communication Sector)

ABSTRACT
The Government of Tanzania has put in place conducive environment which endorse dynamic
communication policies, legislations, licensing framework and regulations. In the recent years we have
witnessed an unprecedented growth of communication sector in line with provision of various services.
Now days the communication services (Mobile Phone Services) are available countrywide.
Despite the aforementioned achievement, we can still raise some questions including:1.
Customer can easily Search/Select the product /service online? Somehow;
2.
Customer can easily pay online? Yes;
3.
Customer can easily access the business centre or sale point online? Somehow;
4.
Customer can easily apply and track the product/service online? Somehow;
5.
Customer can easily identify and reach the business centre or sale point physically? No;
and
6.
Service provider can easily deliver items/service/product to the customer’s premise (home,
office, business etc)? No
Those questions can be responded by having a reliable infrastructure in line with the supporting ICT
systems and applications which identifies places, offices, settlements etc.
Access to the services has been improved so long allmost we are connected to the respective services
through internet and other apps. The issues of service delivery is how business/parcels can be delivered to
the intended place (home, offices or business area). Doing on this challenge, the Ministry of Works,
Transport and Communication is striving on implementing the National Physical Addressing and Postcode
System countrywide, whereby each citizen and all buildings, including office premises and residential
houses will have Physical Address and Postcode. Generally, the System is the main infrastructure of geospatial information (Spatial Data) adapted by many countries mainly because they add value to service
delivery especially in the emerging e-commerce era.
The presentation to the IET International Conference 2018 will focus on: Awareness on service delivery/ecommerce and status of the National Addressing and Postcode System Project; Collect stakeholders’
feedback on the project deployment; and Strengthen stakeholders collaboration in project implementation.
National Addressing and Postcode System is the important infrastructure for all socio-economic activities
including Data Collection, Revenue Collection, GIS, GPS, Planning, Home Delivery Services, Electronic
Services, e-Commerce etc. Thus in collaboration with various stakeholders, efforts are needed to make sure
that the National Addressing and Postcode System is implemented and effectively used countrywide.

1.0 INTRODUCTION
In the recent years we have witnessed an unprecedented growth of communication sector in line with provision of
various services. Now days the communication services (Mobile Phone Services) are available countrywide. Apart
from those achievement, products/services delivery to the
citizens is still a challenge. Now days Citizens used to
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travel for long distances and wasting their times for accessing service
centers. So new alternative solution
on doing business have to be put in place especially by promoting premise/home service delivery system.
Although the Government invested in Technology Development, Internet Data Centre, NICTBB, Mobile Phones
Services, Roads, National IDs, Roads, SGR – on progress etc the provision of e-commerce is still challengeable. The
main challenge is lack of reliable location identification/Physical Address.

2.0 PRODUCTS/SERVICES DELIVERY AND STATUS OF THE NATIONAL PHYSICAL ADDRESSING
AND POSTCODE SYSTEM

National Physical Addressing and Postcode System is the government initiative to promote and facilitate service
delivery to the intended point/place. National Addressing and Postcode System is the main infrastructure of geospatial information (Spatial Data). The System identifies physical location (premise). The system simplifies the
processes of services delivery (physically, electronically or both physically and electronically) to the premises.
Generally National Addressing and Postcode System is the important infrastructure for all socio-economic activities
and is adapted by many countries mainly because they add value to service delivery especially in the emerging ecommerce era.
3.0 THE NATIONAL PHYSICAL ADDRESSING AND POSTCODE SYSTEM
Physical Address has four main components which are Road/Street Name; House Number; Postcode; and ICT
System and Application. These components are basis of Spatial Data Collection. Street Name and House Number
are provided by Ministry responsible for RALG (through LGAs) and Postcode are provided by Ministry Responsible
for Communication through the Communication Regulator. Moreover, Physical Address is provided by Ministry
responsible for Communication through Designated Postal Operator (Tanzania Posts Corporation - TPC). Tanzania
Posts Corporation is a major player of the project and is among the major users of the National Physical Addressing
and Postcode System.
Example of Physical Address:Safari Mfulu,
44 Dosi Street
14102 DAR ES SALAAM
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POSTICODE:
A Postcode is an identifier for a located geographical area. Is an expertise or technique of divide/separate
geographical area. Normally comprising a string of numeric or alphanumeric characters. Tanzania we have
implemented numeric postcode system with 5 digits. For simply identification, country is divided into 6 postcode
zones and Zanzibar

Postcode Zones in Tanzania Mainland
Zone Name

Postcode

Regions/Administrative Area Covering

Dar es Salaam

1

Ilala CBD, Ilala, Kinondoni,Temeke, Ubungo
and Kigamboni

Northern

2

Tanga, Arusha, Kilimanjaro and Manyara

Lake

3

Geita, Mara, Mwanza, Kagera, Shinyanga and
Simiyu.

Central

4

Dodoma, Singida, Tabora and Kigoma

Southern Highlands

5

Katavi, Iringa, Mbeya, Songwe, Rukwa, Ruvuma
and Njombe.

Coast

6

Pwani, Mtwara, Lindi, Morogoro
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Postcode in Zanzibar
Island

Postcode

Regions/Administrative Area Covering

Unguja

7

Mjini Magharibi, Kusini Unguja and Kaskazini
Unguja

Pemba

Kusini Pemba and Kaskazini Pemba

4.0 IMPELEMENTATION STATUS OF NATIONAL ADDRESSING AND POSTCODE SYSTEM
National Postcode List for all Wards countrywide have been established, distributed and can be accessed through
mobile phones by dialing *152*00#. A Web Based Spatial Data Base for the collection, processing and retrieval of
the Geo-spatial information for different use (National Addressing and Postcode System - NAPS) has been
developed and uploaded – visit http://www.address.go.tz. Moreover, two implementation guidelines developed;
these are Physical Addressing Guidelines and Postcode Guidelines.

4.1 National Addressing and Postcode System (NAPS)
i. NAPS is the established database system, integrated with the Geographic Information System (GIS) - to
support processing of attribute and spatial data;
ii. It is a web based application – users can access this system by using internet browser eg Mozila, Google
chrome, Internet explorer ;
iii. NAPS is available through this address: www.address,go,tz

The Pilot implementation of National Addressing and Postcode System implemented in Arusha Municipal (8 wards)
and Dodoma (8 wards). The actual implementation is on progress to date done in Dar es Salaam (46 wards), Dodoma
(10 wards), Chamwino (State House Area) and Zanzibar (8 wards). The implementation pace is not satisfactory due
to inadequate of fund.
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To date, all Ministries, some Government institutions and some private institutions are using the National
Addressing and Postcode System for mail communications (in their correspondences); TPC through the service
known as “Posta Mlangoni” uses the system on provision of home delivery services in some Wards in DSM, Arusha
and Dodoma; and NIDA use postcode as part of information on preparation of the National Identification Cards.
Moreover, TRA and NBS uses postcode on serving taxpayers and statistics activities respectively. Generally, the
System use has been minimal due to uncompleted assignment of address infrastructure in the cities, towns and other
settlements.
5.0 PROJECT BENEFITS
The addressing and postcode data for each household, business/office premises and government facilities will be
generated and collected from all over the country. This data will be customized into a web based spatial system. The
web based spatial database for the national addressing and postcode system will be implemented and is considered to
be valuable to key socio-economic sectors such as:i.
ii.
iii.
iv.
v.
vi.
vii.
viii.
ix.
x.
xi.

Government: Services delivery such as Immigration Activities, Good Governance, Issuance of National
Identity Cards, Timely Service Delivery, etc;
Financial institutions: Issuance of loans ideally should be based on reliable address;
Tanzania Revenue Authority: For tax and revenue collection, Registration of motor vehicles and other
properties;
For law enforcement: A good citizen can call law enforcers and clearly identify himself let alone the
locality of crime;
For rescue services: Fire brigades in Tanzania would be more useful if they reach an area before big
damage to properties;
For Health Services: Ambulances can be directed to the appropriate address;
Registering births and deaths: Correct data for the population in a particular area and the nation;
For Political purposes: Helps to reinforce unity and sense of identity;
Identity to all: Tanzania’s new address system will also provide addresses to those in the rural and
unplanned settlements;
Trade: Efficient e-commerce transactions in the internet age;
Human Settlement: Clear marking of streets, roads and numbering of houses improve human settlement
in Tanzania. This will be in line with Government strategy of poverty alleviation, improved urban/rural
planning and achieve Millennium Development Goals (MDGs).

6.0 CHALLENGES
i.
Inadequate fund for implementation
ii.
Unplanned settlement

7.0 CONCLUSION
National Addressing and Postcode System is the important infrastructure for all socio-economic activities including
Data Collection, Revenue Collection, GIS, GPS, Planning, Home Delivery Services, Electronic Services, ECommerce etc. Thus, let we join effort to make sure that the National Addressing and Postcode. System is
implemented and effectively used countrywide for facilitation and promotion of socio-economic development.
Let us enable each citizen focus/concentrate with his/her main/key activity for social – economic development by
enhancing product/service delivery system in line with e-commerce
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ENRICHING PERFORMANCE OF SCIENCE IN SECONDARY SCHOOLS
USINGMOBILE LEARNING: AN ENVIRONMENTAL PERSPECTIVE
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ndumev@gmail.com, msongoro2007@yahoo.com,kisanga_d@yahoo.com
ABSTRACT
To date, limited understanding has been achieved on how mobile learning could positively motivate
learning and teaching in Secondary education to rescue the poor performance especially in science
subjects. Little is known on how Mobile Learning can be used as a tool to enhance performance in
Mathematics, environmental and other science subject. This paper reports on a study conducted aimed at
exploring the methodology to be adopted in Mobile Learning to improve performance in science subjects
and in particular, mathematics. More interesting results were also found on how M-Learning could
motivate learning in environmental science.
The cohort research design was conducted over a period of four months involving pupils and teachers from
10 private and public secondary schools in Ilala Municipality. There were two groups of pupils designed to
participate in the research. The two groups were united by the fact that they all studied mathematics. Then
there were sub groups which involved different levels of studying Information Communication Technology
(ICT) i.e. from secondary education Form one to six.
Results showed that the majorities of participants accept the concept of using Mobile Learning in
education. The result also indicates that culture could not be negatively affected by the use of technology.
However, the majority of participants remarked that a controlled use of technology in primary school is
required. It is concluded that despite the lack of in-place policy in using Mobile Learning in Tanzanian
schools, many students were found to be equipped with mobile phones or tablet pcs and use them for
education purpose.
Keywords: M-Learning, Attitude of M-Learners, M-Learning in education

1.0

INTRODUCTION

The field of mobile learning in Tanzania is still in its infancy(Alhajri, 2016; Shafika Isaacs, 2012)To date limited
understanding has been achieved on how mobile learning could positively motivate learning and teaching in basic
education to rescue the poor performance especially in science subject. The use of a mobile phone is even not
allowed in basic education. While the use of mobile technology is increasing widely at an individual level, its
importance is not realized in education for environment science. Inducing Mobile learning in basic education could
create an opportunity for the new generation to be aware of their environment and surrounding needs but may hit the
thumb block of national ethical(Alhajri, 2016; Parry, 2011).
The growth of solid waste generation places considerable demands on waste management, disposal facilities and the
need of new generation to be aware of environment management. Reduce, Reused or Recycle (3Rs) activities to
protect the environment must be known earlier to pupils at basic education. The awareness and knowledge of
environmental protection could be enhanced more with mobile learning. In Singapore for example, the need for
environmental education has been specified in Singapore’s Primary science syllabus. An attempt to use mobile
learning to pupil’s awareness of environmental impact to society was found to be successfully (BaoHui Zhang,
2006). The author experience shows that when pupils use and experiential cyclical Learning Model, where they
would feel, reflects, think, and apply their knowledge by doing, they would become better learners in the future. As
cited in (Lude, 2015) it is claimed that connecting learners with nature and sustainability issues is an essential target
of environmental education and of education for sustainable development. An option to avoid “nature alienation”
and to foster educational goals of environmental would be to connect to personal experiences at specific places.
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A to date, Google search on using Reduce, Reuse and Recycle as key words found that there are more than 16,
600,000 links or sites compared to 59,500 found in the year 2006, that is 278 times. This can imply that educating
pupils using Mobile Learning on 3Rs could lead to a positive impact on environmental management. It is ascertained
that the development of environmental literacy with pro-environment value as a learning goal using Mobile
simulated learning can at a time be ignored or misinterpreted or encounter opposition.

2.0 MOBILE LEARNING TECHNOLOGY IN EDUCATION
In spite of e-Learning, use of mobile learning in education ha stakena remarkable shape in recent years(Cabanban,
2013; Ellis, 2013; Skiba, 2011; Tan et al., 2007). Enthusiasm “Mobile” refers to mobility – in other words, learning
while “on the move”(Mbati, 2015).By making student data available on hand, students who have similar experiences
can relate them to their own points of view. Students are more ready to learn from others when they are involved in
similar experiences(BaoHui Zhang, 2006). However, research on using Mobile learning technologies education is
merely accepted due to the mind set of people on mobile usage. The technology has become more pervasive in
everyday life, the use and ownership have become more common among a wide range of ages groups due to its
affordability(Baran, 2014; Mikre, 2011). As cited by (Joel Mtebe, 2014) the study of the World bank by (Yonazi,
Kelly, Halewood, & Blackman, 2012) claims that eventually people in East Africa and particularly in Tanzania have
a better access to mobile devices than to clean water, to bank account or even to electricity. As reported in (PCT,
2016) Mobile subscriber in Tanzania reached 40.17 Million by 2016 almost equal to country population, at the same
time number of internet users was hitting to 17.26 million in 2015 while the mobile money usage was about 18.08
million.
Report from TCRA (2017) shows that the number of mobile technology users has been increasing for the past five
year. In 2017 the number of mobile technology users recorded has been about three times more than statistics
recorded in 2012 (Figure1, TCRA 2017).
Table 7: Estimated number of users by technology type (Source: TCRA 2017)

Significant investment in Mobile infrastructure has been made to provide infrastructure, content and resource related
to the integration of the mobile device into learning environment experienced globally(Johnson, Smith, Willis,
Levine, & Haywood, 2012).While there are some blocking factors of the penetration of M-learning to
students,(Parry, 2011)is in the opinion that ethically, teachers have the responsibility to teach students how to use
mobile technology to acquire knowledge instead of goggling and ensure that students end up on the right side of the
digital divide. It’s the author opinion that that effective teaching mobile technology is as crucial as teaching basic
literacy.
There is a noticeable increase in poor performance in science subjectsin basic education which progressively trims
down the number of engineers and scientists in higher learning institution in Tanzania(Chambo, Laizer, NkansahGyekye, & Ndume, 2013). Despite the advancement of ICT, Technology-oriented learning in in-enhancing
education remains a challenge to educationalist in developing countries(Cabanban, 2013; Ndume, Tilya, &
Twaakyondo, 2008).Mobile learning is not much explored in developing countries to enhance education in basic
education. Little is known on how Mobile Learning can be used as a tool to enhance learning to students in science
subject without violating national ethical. The trait of mobile Learning future mostly feature in art and social
sciences and is hardly found in environmental and core science and particularly in mathematics.
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As mobile phones become more accessible and affordable(Mikre, 2011), it is important to examine how their
features and functionalities can be tailored for educational purposes particularly in mathematics. The good practice
currently demonstrated with Twiga Hosting Limited (THL, 2018) becomes a role model in Mobile learning.

2.1 Methodology
The cohort research design was conducted over a period of four months involving pupils and teachers from 10
private and public secondary schools in Ilala Municipality. There were two groups of pupils designed to participate
in the research. The two groups were united by the fact that they all studied mathematics and their schools have been
using Technology based in education such as e-Learning Computer based learning as well as web learning. Then
there were sub groups which involved different levels of studying ICT i.e. from form one to six. Using a quantitative
framework, the researchers used the cohort study to note statistical occurrence within a specialized subgroup, united
by the same or similar fact of Mathematics learning which is relevant to the research problem being investigated.
However, we did not investigate the statistical occurrence within the general population. Using a qualitative
framework, the researchers abode by the cohort studies which generally gather data using observation methods.
Research instrument was designed to capture three scaling method Agreed, Neutral and Disagree). Finally data were
analyzed statistically using Stata 11.

3.0 RESULTS AND DISCUSSION
This study intends to explore the methodology to be adopted in the Mobile Learning as a tool to facilitate learning of
science subjects specifically in Mathematics in basic education in selected schools in Ilala district in Tanzania.
Using mobile learning for improving performance in science subjects
The results in table 2 indicate the response of students using mobile learning in mathematic subject.
Table 8: Responses on use of Mobile Learning in Mathematics subject
Item

N= 458

Disagree

Neutral

Agree

Q1

Will lead to more students continuing with education

50 (10.90)

27(5.90)

381(83.20)

Q2

Will lead to better performance if used with traditional
learning

79(17.20)

42(9.20)

337(73.60)

Q3

Will help students get high grades at the end of their studies

49(10.70)

26(5.70)

383(83.60)

Q4

Will add more problems to forged certificate

175(38.20)

86(18.80)

197(43)

Q5

Is the best way to increase enrolment in education

67(14.60)

34(7.40)

357(77.90)

Q6

Will effect negatively our culture of assessing information

157(34.30)

88(19.20)

213(46.50)

Q7

Will understand the concept of mobile learning

53(11.60)

22(4.80)

383(83.60)
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Results in Table 1 show that the majority of respondents 83% accept the concept of using Mobile learning in
continuing education. They believe that better performance and high grades at the end of their studies could be
attained by using Mobile Learning (83.6%). Results also negate the assertion that increase use of ICT/Mobile
learning (38.20%) will add more problems to forged certificates, furthermore, the result also indicate that the culture
could not be negatively affected by the use of technology (34.30%). However, the majority of participants reported
that the controlled use of technology in lower school is required. Educators need to learn how to embrace Mobile
devices both inside and outside the classroom (Parry, 2011). Preloaded tablets with games, theories, and contents
with disconnection to the internet could be preference to lower school pupils. Concerning ethical and cultural issues
literature shows that teachers can download video through their mobile phones and present them to students through
a TV set available in the classroom(Ayoub Cherd Kafyulilo, 2013; Ayoub C Kafyulilo, Moses, & Rugambuka,
2012).
The finding concerning attaining higher grade in science subjects using mobile learning in secondary school are
consisted with findings reported by (Agnese da Costa & Campos Lopes, 2016) of which contested that many studies
have shown that technology resource based on a variety of approaches that complement traditional methods, enrich
and widen the spectrum of condition necessary to acquire and develop knowledge. Technology has been proved to
be an opportunity for changes aiming at meeting student learning demand and manifested itself to mainly as a shift
in focus from teachers–centered practice to student-centered learning. Mobile technology has accelerated the pace of
learning even more. However, (Dias E, 2013) maintain that the context of digital technology requires a different
paradigm for teaching and Learning process. The same results were obtained by (Kalloo & Mohan, 2012) where
Mobile learning was explored to determine if it could assist the students in improving mathematics in secondary
schools in the Caribbean.
3.1

The attitude of people towards mobile learning

The researcher composed a question which aimed at finding out the general feeling of different people on Mobile
learning. When asked about their feeling on mobile learning the majority (66.70%) responded positively i.e they are
aware of this Mobile learning and they would love to use it. About 27.8% of the respondents acknowledge this way
of learning with reservation. Their doubt could decrease with an increase in awareness concerning Mobile learning.
Generally, teachers showed a positive attitude when they were asked their views on Mobile learning. 51.90%
responded positively to this question. Table 3 below shows the summary of the results on different questions in
relation to people feelings towards Mobile learning.
Table 9: The feeling of people towards Mobile learning
Question
Item
Q1

Low

Moderate

High

How would you rank your feeling and of
other people you know about Mobile
learning
My feeling toward Mobile learning

3 (5.60%)

15 (27.80%)

36 (66.70%)

2 (3.70%)

9 (16.70%)

43 (79.60%)

Q3

My thought about other people’s feeling
towards mobile learning

4 (7.40%)

20 (37.00%)

30 (55.60%)

Q4

My thought about my students’ feeling
towards mobile learning

4 (7.40%)

22 (40.70%)

28 (51.90%)

Q2

3.2

A Prototyped Model

Even though the focus was to simulate mathematics others three subjects were also simulated in the project including
Biology, Environment Science and Physics.
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Figure 14 Simulated environmental Science and Biology

Figure 15: Simulated Mathematics
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4.0

CONCLUSION AND RECOMMENDATION:

From the findings of this study it was concluded that despite of lack the lack of in-place policy of using mobile
learning in school in Tanzania, many students were found to be equipped with mobile phones as well as tablet pcs
and uses them for education purpose. Majority of the students have preloaded material or prepaid web site to access
education material. It was finally recommended that the government should rethink and revise education policy to
accommodate educational usage of mobile devices in learning.
REFERENCE
[1]
[2]
[3]

[4]
[5]
[6]

[7]
[8]
[9]

[10]
[11]
[12]
[13]
[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]

Agnese da Costa, R. D., & Campos Lopes, P. T. (2016). M-learning: Development and evaluation of an
application for the teaching and learning of human anatomy. Interciencia, 41(7).
Alhajri, R. (2016). Prospects and Challenges of Mobile Learning Implementation: A Case Study.
Information Technology & Software Engineering, 6 (5).
BaoHui Zhang, C. K. L., Wenli Chen, Nicholas Tan, Sen Kee Seow, Teck Tiong Oh, Tze Min Chung. (2006,
22-24 November, 2006). Using Mobile Learning Technologies for Primary Environmental Education in
Singapore Schools. Paper presented at the International Science Education Conference, , Singapore, .
Baran, E. (2014). A Review of Research on Mobile Learning in Teacher Education. Educational Technology
& Society, 17( 4), 17–32.
Cabanban, C. L. G. (2013). Development of Mobile Learning Using Android Platform. International Journal
of Information Technology & Computer Science ( IJITCS ), 9( 1 ).
Chambo, F. F., Laizer, L. S., Nkansah-Gyekye, Y., & Ndume, V. (2013). Mobile Learning model for
Tanzania secondary schools: case study of Kilimanjaro region. Journal of emerging trends in computing and
information Sciences, 4(9), 698-701.
Dias E, A. J. (Ed.) (2013). Encontro Prod. Discente PUCSP/Cruzeiro.
Ellis, C. (2013). Broadening the scope and increasing the usefulness of learning analytics: The case for
assessment analytics. British Journal of Educational Technology, 44(4), 662-664.
Joel Mtebe, R. R. (2014). Investigating students’ behavioural intention to adopt and use mobile learning in
higher education in East Africa. International Journal of Education and Development using Information and
Communication Technology, 10(3), 4-20.
Johnson, L., Smith, R., Willis, H., Levine, A., & Haywood, K. (2012). NMC Horizon Report: 2011 Edition:
The New Media Consortium.
Kafyulilo, A. C. (2013). Professional development through teacher collaboration: An approach to enhance
teaching and learning in science and mathematics in Tanzania. Africa Education Review, 10(4), 671-688.
Kafyulilo, A. C., Moses, I., & Rugambuka, I. B. (2012). The implementation of competency based teaching
approaches in Tanzania: The case of pre-service teachers at Morogoro teacher training college.
Kalloo, V., & Mohan, P. (2012). MobileMath: An innovative solution to the problem of poor Mathematics
performance in the Caribbean. The Caribbean Teaching Scholar, 2(1).
Lude, S. S. a. A. (2015). Using Mobile Devices in Environmental Education and Education for Sustainable
Development—Comparing Theory and Practice in a Nation Wide Survey. Open access:Sustainability, 7, ,
10153-10170.
Mbati, T. H. B. a. L. S. (2015). Mobile Learning: Moving Past the Myths and Embracing the Opportunities
International Review of Research in Open and Distributed Learning
1(2).
Mikre, F. (2011). The roles of information communication technologies in education: Review article with
emphasis to the computer and internet. Ethiopian Journal of Education and Sciences, 6(2), 109-126.
Ndume, V., Tilya, F., & Twaakyondo, H. (2008). Challenges of adaptive elearning at higher learning
institutions: a case study in Tanzania. International Journal of Computing and ICT Research, 2(1), 47-59.
Parry, D. (2011). Mobile perspectives: On teaching mobile literacy. Educause Review, 46(2), 14-16.
PCT. (2016). No Limite for Mobile usage Reuter Retrieved 27 August 2018, 2018
Shafika Isaacs, S. V., Mark West,Rebecca Kraut, Aurélia Mazoyer. ( 2012). MOBILE LEARNING FOR
TEACHERS IN AFRICA and the MIDDLE EAST, Exploring the Potential of Mobile
Technologies to Support Teachers and Improve Practice. 7,
“The Role of the Engineers in addressing Climate Change, Challenges and Opportunities” | 81

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

[23]
[24]

[25]
[26]

Skiba, D. J. (2011). On the HorizonMobile Devices: Are They a Distraction or Another Learning Tool?
Nursing Education Perspectives, 32(3), 195-197.
Tan, N., Chen, W., Looi, C.-K., Zhang, B., Seow, P., Chan, A., et al. (2007). Handheld computers as
cognitive tools: An environmental learning project in Singapore. FRONTIERS IN ARTIFICIAL
INTELLIGENCE AND APPLICATIONS, 162, 377.
THL. (2018). Notes, Practicals na Review Questions for Form I - VI. from http://thlappstore.co.tz/
Yonazi, E., Kelly, T., Halewood, N., & Blackman, C. (2012). The transformational use of information and
communication technologies in Africa: World Bank.

“The Role of the Engineers in addressing Climate Change, Challenges and Opportunities” | 82

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

Session 4:

Engineering Management and Crossing Issues 2
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INSTITUTIONAL LEGAL FRAMEWORK FOR ESTABLISHMENT AND PRACTICE
OF ENGINEERS IN TANZANIA
Eng Menye David Manga Adv,
Vice President, Institution of Engineers Tanzania, email: mdmanga@yahoo.com

ABSTRACT
1.0

LEGAL FRAMEWORK
Legal Framework can be defined as the system or set of laws, By-laws, rules, procedures that establishes,
governs and regulates operation and decision making of an entity. In the context of today’s presentation
entities will be the Institution of Engineers Tanzania (IET) and the Engineers Registration Board (ERB),
and to a lesser extent allied entities i.e. The Association of Consulting Engineers Tanzania (ACET), the
Contractors Registration Board (CRB) and the Architects and Quantity Surveyor’s Registration Board
(AQRB) and any other institution that promotes engineering profession and practice.

1.1

The Institution of Engineers Tanzania (IET)

IET is an Engineering Professional Association and was registered on 22nd November 1975. The objective of IET is
to spearhead the development and integration of Engineering, Science, Technology, Public Policy and
Management of Resources for the sustainable betterment of mankind and the environment in Tanzania and
beyond. The IET is governed according to the Constitution of IET fifth Revision issued 2012 and the Code of
Conduct and Ethics. There are regulations such as the IET Trust Deed, IET Financial Regulations and Procedures
and IET Arbitration rules. The IET Constitution under Section 11.15 and 11.16 empowers the Council which is the
governing body of the Institution to make and revoke By-laws and regulations for the conduct of the affairs of the
Institution.
1.2

Association of Consulting Engineer Tanzania (ACET)

Association of Consulting Engineers Tanzania (ACET) was registered by the Registrar of Societies on 28th
December 1985 under Rule 5 of the Application for Registration Rules made under the Societies Ordinance 1954
now the Societies Act Cap.337 R.E 2002
The objects and purposes of the Association are to consider and act in management, business and professional
matters pertaining to consulting engineering, with the aim of assisting its members in achieving higher
professional business and economic standards, thus enabling them to provide better consulting engineering services
in the interest of their clients and society at large. ACET has a constitution, By-Laws, Code of Professional and
Ethical Conduct; and Disciplinary Procedures. Membership to ACET is restricted to Consulting Engineers.
1.3

The Engineers Registration Board (ERB)

The Engineers Registration Board (ERB) is a Government statutory body under the Ministry of Works established
by an Act of Parliament No. 15 of 1997 and Engineers Registration Act (ERA) No. 24 of 2007. This Act repealed
and replaced the Engineers (Registration) Act, No. 49 of 1968.ERB was established in order to regulate engineering
activities and conduct of engineers and engineering consulting firms in Tanzania. The operation of the ERA is
guided by the following Regulations, By-Laws and Rules;
a) The Engineers Registration Regulations, 2010 (GN No. 35 of January 29, 2010);
b) The Engineering Works, Services and Projects Monitoring Regulations, 2015 (GN No. 237 of June 26,
2015).
c) The Engineers Registration By-Laws, 2010 (GN No. 25 of January 29, 2010);
d) The Engineers Registration (amendment) By-Laws, 2013 (GN No. 266 of September 6, 2013);
e) The Engineers Registration (professional practice, conduct, oath and ethics) Rules, 2014 (GN No. 278 of
August 15, 2014);
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f)

the Engineers Registration (Registration of Independent Consulting Engineers) Rules, 2014 (GN No. 68 of
March 14, 2014); and
g) The Engineers Registration (Registration of Engineering Technicians) Rules, 2014 (GN No. 69 of March 14,
2014).
1.4

The Contractors Registration Board (CRB)

The Contractors Registration Board is a Government Regulatory Board under the Ministry of Works established by
Act of Parliament No 17 of 1997 as amended in 2008 with the objective to register and regulate all types of
Contractors and to promote the development of their capacities for the purpose of protecting consumers of
construction services in Tanzania. The Board has its head office located in Dar-es-salaam and zonal offices at Dares-salaam, Mwanza,Mbeya and Arusha region
1.5

The Architects and Quantity Surveyors Registration Board (AQRB)

Architects and Quantity Surveyors Registration Board was established by the Architects and Quantity Surveyors
(Registration) Act No 16 of 1997, which was repealed and replaced by Act No 4 of 2010; and among its activities is
to register and regulate conudcts of Architects, Quantity Surveyors, Interior Designers, Landscape Architects,
Conservation Architects, Naval Architects, Furniture Architects, Building Surveyors and Construction Managers.
1.6

The Constitution of the United Republic of Tanzania

The system of laws forming the Institution legal frameworks for engineering institutions should be secondary and
consistent to the primary or principal law of the land which is the Constitution of the United Republic of
Tanzania. The Constitution of the URT in parts states under following Articles;
Article 9. The object of this Constitution is to facilitate the building of the United Republic as a nation of equal and
free individuals enjoying freedom, justice, fraternity and concord, through the pursuit of the policy of Socialism and
Self Reliance which emphasizes the application of socialist principles while taking into account the conditions
prevailing in the United Republic. Therefore, the state authority and all its agencies are obliged to direct their
policies and programmes towards ensuring (g)

that the Government and all its agencies accord equal opportunities
to all citizens, men and women alike without regard to their colour,
tribe, religion, or station in life2;

The Constitution of URT under the Bill of Rights Part III Basic Rights and Duties
Article 13(4)

No person shall be discriminated against by any person or any authority acting under any law
or in the discharge of the functions or business of any state office

Article 13(5)

For the purposes of this Article the expression “discriminate” means to satisfy the needs, rights or
other requirements of different persons on the basis of their nationality, tribe, place of origin,
political opinion, colour, religion, sex or station in life such that certain categories of people are
regarded as weak or inferior and are subjected to restrictions or conditions whereas persons of
other categories are treated differently or are accorded opportunities or advantage outside the
specified conditions or the prescribed necessary qualifications except that the word
“discrimination” shall not be construed in a manner that will prohibit the Government from taking
purposeful steps aimed at rectifying disabilities in the society

This serves to confirm that the institutional legal framework for engineers has firmly established that all engineers
(male and female) are equal to in all respects and enjoys all rights under all laws in the country.

2

The Constitution of the United Republic of Tanzania of 1977 as amended time to time
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1.7

Women Professional Engineer in Tanzania

IET and ERB register women engineers at different categories/classes as defined by their rules and By-laws. At IET
engineers registered at the class of corporate member and/or above and those at professional engineer class at ERB
are recognized as professional engineers.
As of June 2018 there were 2235 female engineers registered with the ERB in different categories starting 1988.
This is a big number and would have made. Current statistics with IET shows that we have 241 women members in
different classes. It is now a legal requirement for engineers who want to be registered as professional engineer must
be a member of professional engineering institution.

Section 10 (1) (e) (i) of the ERA, 1997 (as amended in 2007) states:“…. a person shall be entitled, on making an application to the Board in the prescribed manner and on payment
to the Board of the prescribed fee, to be registered under this Act and have his name entered in the register as
professional engineer if he is a member of an institution of engineers, the membership of which is recognized by
the Board as furnishing a sufficient guarantee of academic knowledge of and practical experience in
engineering.”
2.0

PROFESSIONALISM

The Merriam-Webster dictionary (available on line) defines professionalism 3 as "the conduct, aims, or qualities that
characterize or mark a profession or a professional person"; and it defines a profession as "a calling requiring
specialized knowledge and often long and intensive academic preparation."
These definitions imply that professionalism encompasses a number of different attributes, and, together, these
attributes identify and define a professional 4.
Some of the attributes are as follows;
2.1

Specialized Knowledge

Professionals are known for their specialized knowledge. They've made a deep personal commitment to develop and
improve their skills, and, where appropriate, they have the degrees and certifications that serve as the foundation and
evidence of this knowledge.
Not all business areas have a stable core of knowledge (and the academic qualifications that go with this); not all
areas demand extensive knowledge to practice successfully; and not all professionals have top degrees in their field.
What matters, is that these professionals have worked in a serious, thoughtful and sustained way to master the
specialized knowledge needed to succeed in their fields; and that they keep this knowledge up-to-date (CPD), so that
they can continue to deliver the best work possible.
2.2

Competency

Professionals get the job done. They're reliable, and they keep their promises. If circumstances arise that prevent
them from delivering on their promises, they manage expectations up front, and they do their best to make the
situation right. Professionals don't make excuses, but focus on finding solutions.

3

4

https://www.merriam-webster.com/dictionary/professionalism

https://www.linkedin.com/pulse/what-professionalism-does-mean-you-daniel-w-porcupile
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2.3

Honesty and Integrity

Professionals exhibit qualities such as honesty and integrity . They keep their word, and they can be trusted
implicitly because of this. They never compromise their values , and will do the right thing, even when it means
taking a harder road. True professionals are humble – if a project or job falls outside their scope of expertise, they're
not afraid to admit this. They immediately ask for help when they need it, and they're willing to learn from others.
2.4

Accountability

Professionals hold themselves accountable for their thoughts, words, and actions, especially when they've made a
mistake. This personal accountability is closely tied to honesty and integrity, and it's a vital element in
professionalism.
2.5

Self-Regulation

They also stay professional under pressure. For example if an employee is faced with an irate customer. Instead of
getting upset or angry in return, the employee exhibits true professionalism by maintaining a calm, business-like
demeanor, and by doing everything that she/he can to make the situation right.
Genuine professionals show respect for the people around them, no matter what their role or situation. They exhibit a
high degree of emotional intelligence (EI) by considering the emotions and needs of others, and they don't let a bad
day impact how they interact with colleagues or clients.
2.6

Image

Professionals look the part – they don't show up to work sloppily dressed, with unkempt hair. They're polished, and
they dress appropriately for the situation. Because of this, they display an air of confidence, and they gain respect for
this.
3.0

CODE OF CONDUCT AND ETHICS

IET and ERB are pursuing these professionalism objectives by ways of training, professional discourses and
establishing instruments such as the Code of Conduct and Ethics.

Both IET and ERB share similar Code of Conduct and Ethics, part extracts from the code is as follows;
Code related to engineering practice
“An engineer shall accept personal responsibility for all work done by him or under his supervision or
direction, and shall take all reasonable steps to ensure that persons working under his authority are
competent to carry out the tasks assigned to them”. Code 11 of IET code of conduct and ethics which is similar to
Rule 14(2) GN 35 of 2010 made under Regulation 49 of the ERB Act
Overruling of professional advice
“An engineer whose professional advice is not accepted shall take all reasonable steps to ensure that persons
overruling or neglecting the advice are aware of the dangers the engineer believes may result from such
overruling or neglect”. Code 13 of IET code of conduct and ethics which is similar to Rule 17 GN 35 of 2010 made
under Regulation 49 of the ERB Act
It is important that all professional engineers acquaint themselves with these codes of conduct and ethics.

“The Role of the Engineers in addressing Climate Change, Challenges and Opportunities” | 87

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

4.0

INDUSTRIALIZATION AND ROLES OF ENGINEERS

The President of the United Republic of Tanzania His Excellency Dr John Pombe Magufuli stated during his address
to the Annual Engineer’s Day 1st-2nd September 2016 stated that the agenda of industrialization will not succeed
without the full participation and commitment of engineer. He publicly declared that he depends on the engineers for
its success.
There is an excellent paper on industrialization and role of engineers that was presented during the IET Annual
Meeting and AGM of 2017 by Eng Col (Rtd) Joseph L. Simbakalia, Director General of the Exports Processing
Zones. The paper is titled “The Role of Engineers in the Quest for Sustainable Industrialization of Tanzania
with Reference to the 2nd Five Year Development Plan as the National Blueprint, Roadmap and Guideline for
Implementation” the paper has holistically addressed this topic and it is worth reading the paper. Concluding
remarks by Eng Simbakalia are reproduced with permission.
Engineering is essentially the skilful art, or rather the genius, to optimally combine and apply all resources
efficiently, in order to provide solutions to the various aspects of all sorts of material needs of society such as
clothing, shelter, resource extraction, food production, construction, materials processing, transportation, water
supply, medical services, leisure, safety, and communication 5
Within that context, Engineers of Tanzania need to identify and fully comprehend their collective mission and
responsibility as Members of a profession that is embedded with society, before they can gainfully play their part in
the hitherto elusive quest of achieving sustainable socio-economic transformation with growth that will eradicate
poverty.
In other words, the relevance to society of the human and institutional capacity needs for the engineers in the
Tanzania can only be meaningfully defined within the situation and context of the prevailing opportunities,
challenges and obstacles to the national development drive through industrialization.
Engineers are called to action on following fronts;
First and foremost at all times, the Engineers must come to fully grasp the prevailing socio-economic dynamics
and their position as well as their critical role as development and transformation agents.
The clarity of Engineers regarding their role in the context of socio-economic development must be founded on selfknowledge of the Engineers in their respective professional disciplines, vis a vis the other related, linked or
associated professions they have to partner or collaborate with including scientists, economists, sociologists,
environmentalists, financiers, medical practitioners and many others.
Failing that, the Engineers will be reduced to mere glorified labourers with knowledge and technical knowhow to
handle tools under command; and they will be reduced to doing all that for the sake of mere wages or title as a
valued reward, and without a clear, higher purpose in rendering service to society
Secondly, the Engineers of Tanzania must become more engaged and proactive to gain their rightful position of
interaction with Economic Development Planners and Policy Makers with a view to enrich the thinking as well as to
provide practical dimensions in drawing plans and strategies for industrialization;
Thirdly, the Engineers of Tanzania need to put their best minds together to tackle systemic weaknesses and
technical challenges which have retarded and hampered previous attempts to industrialize. The aim should be to
establish a robust and sustainable Infrastructure-Energy-Materials Nexus as the bedrock of the industrialization of
Tanzania;
Fourthly, the Engineers of Tanzania must seize and fully grasp the opportunity of the moment to participate in the
implementation of the various National Flagship Projects, for good measure to build a body of knowledge and

5

The Role of Engineers in the Quest for Sustainable Industrialization of Tanzania with Reference to the 2nd Five Year
Development Plan as the National Blueprint, Roadmap and Guideline for Implementation. Paper presented at the 29th IET AGM,
7th December 2017by Eng Col (Rtd) Joseph L. Simbakalia
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practical experience which will establish the base of industrialization defined by the transfer of technology as well
as skill base development opportunities provided by those projects of strategic economic significance;
Fifthly, the Institution of Engineers Tanzania should assume the responsibility and effective leadership to respond
to the prevailing goodwill of the 5th Phase Government towards Engineers and hence grasp the opportunity to
participate in the engineering design, construction, operation and maintenance of National Flagship Projects such as
the Central Line SGR, Steigler's Gorge and Bagamoyo SEZ;
Last but not least, the Institution of Engineers Tanzania should assume responsibility and exhort its Members to
take interest and strive to learn about available industrial materials for building a green industrial economy (e.g.
graphite, lithium, helium and niobium) with a view to advise the Government on the options for the future
economic exploitation of high value locally available industrial mineral resources and the use of associated state-ofthe-art technology.
In Conclusion;
Engineers hold the keys to the socio-economic transformation of Tanzania and a future of prosperity through the
acquisition of capacities for technology adaptation and application for industrialization as well as innovation for
sustaining industrial development;
Given the fact that sustainable socio-economic transformation is necessarily science knowledge-based rather than
resource-based, Engineers assume primacy in the new industry-oriented development paradigm of Tanzania because
the Engineering Profession bridges the gap between scientific knowledge and the development of technology for
application with innovation to provide infrastructure and homes; as well as to design, produce, package and deliver
goods and services.
The National Flagship Projects indicated in the 2nd FDYP provide the opportunity and springboard for the Engineers
of Tanzania to assume and play a critical role in the socio-economic development and transformation of Tanzania
from Poverty to Prosperity;
The action-packed industrial development orientation and goodwill of the 5 th Phase Government provide a once-ina-lifetime opportunity for Engineers assume and fulfil their rightful duty to lead the implementation of projects
which will enable Tanzania to realize TDV 2025 to become a semi-industrialized MIC;
The Institution of Engineers Tanzania should assume the role to unite and lead Engineers to seize the
opportunities of the moment.

5.0

DOES ERB AND IET HAVE MANDATE TO ADVOCATE THE WELFARE OF ENGINEERS IN
PRIVATE AND PUBLIC INSTITUTION?

I have tried to coin welfare of engineers to mean the attainment of physical and material well being leading to good
health and happiness. Studying the institutional framework establishing IET and ERB one finds that;
The Mission of the IET as stated under Section 1.03 of its Constitution is,
“Promotion of Engineering Excellence in Tanzania”
ERB’s Mission is,
“To regulate and monitor Engineers, Engineering Consulting Firms and its allied disciplines through sound
professionalism by promoting engineering excellence in Tanzania”.
It follows that the constitution of IET and the laws establishing ERB have not mandated directly the institutions to
advocate welfare of engineers.
However IET through its object in Section 1.04(d) reproduced below,
“1.04 The objects and purposes for which the Institution of Engineers Tanzania (hereinafter called “the Institution”)
is hereby constituted are to promote the general advancement of the science and practice of engineering and
its applications, and to facilitate the exchange of information and ideas on those subjects amongst the
members of the Institution and otherwise and for that purpose;
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(d)

To do all other things which the Council of the Institution may think proper, including
advising Governments, Public Bodies and other organisations or individuals on matters concerning
Engineering and to maintain close relationship with the Engineers Registration Board and other
professional bodies. To do all other things incidental or conducive to the attainment of the above
objects or any of them.”

IET therefore may in partnership with the ERB make proposals that are geared towards improving the welfare for its
members.
ACET over the years and working with ERB have been successful in developing the ERB scale of fees and
conditions of engagement for consulting engineers. These have now been reduced to rules.
The IET council is open to receive proposals from its members for consideration.
Engineers could also join trade unions, employers associations and or federations in their work place these are
mandated by the Employers and Labour Relations Act (ELRA) CAP.366 to attend to the welfare of their members .
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A BRIEF PERSPECTIVE FOR ENGINEERS

Menye David Manga MSc, LL.B
Inter-Consult Ltd, P.O.Box 423, Dar es Salaam, Tanzania
me@interconsult-tz.com

1

ABSTRACT
Arbitration is a form of dispute resolution. The disputing parties hand over (by means of reference to a
submission) their power to decide the dispute to the arbitrator(s). Arbitration is an alternative to court
action (litigation), and generally, just as final and binding (unlike mediation, negotiation and conciliation
which are non-binding.
Arbitration is the private, judicial determination of a dispute, by an independent third party. An arbitration
hearing involves a tribunal. A tribunal may consist of any number of arbitrators. One and three are the
most common numbers of arbitrators.
General principles of arbitration are that the object of arbitration is to obtain a fair resolution of disputes
by an impartial third party without unnecessary expenses or delays Parties should be free to agree how
their disputes are resolved; subject only to such safeguards as are necessary in the public interest and
courts should not interfere.
The Arbitration Act CAP 15 R.E 2002 and the Civil Procedure Code CAP 33 R.E 2002 are used to govern
arbitration in Tanzania. However, when arbitration fails, parties resort to the Court of law for dispute
resolution.
The Arbitration Act of Tanzania incorporates multilateral agreements like the Geneva Protocol on
Arbitration Clauses of 1923 and the Geneva Convention on the Execution of Foreign Arbitral Awards of
1927. Tanzania also is a contracting state of The New York Convention and contracting state to the
Convention on the International Settlement of Investment Dispute
This paper assesses in brief the law and practice of arbitration in Tanzania and starts by defining and
discussing the definition and attributes of arbitration as an alternative dispute resolution mechanism. This
presentation does not cover conduct of arbitration.
Key words: Dispute, arbitration, litigation, submission, tribunal, ADR
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ABSTRACT
The atmosphere and oceans are warming, the volume of snow and ice are diminishing, sea level continues
to rise, and the concentration of the greenhouse gases are increasing which poses a critical threat to future
development especially in key assets such as road infrastructures.
Climate change poses a direct and material risk to the functioning of the road infrastructure, including
drainage structures and embankments. Increases in temperature, both incremental and extreme (i.e. heat
waves) can lead to accelerated deterioration of pavements; wildfires can cause significant damage to
infrastructure systems and road furniture;6 extreme precipitation events can affect the likelihood of the
capacity of drainage and overflow systems being exceeded, as well as potential increase in scour of bridge
foundations.
DFID has been supporting rural roads in Tanzania through the Improvement of Rural Access in Tanzania
(IRAT). The aim of the Climate Vulnerability Risk Assessment (CVRA), is to assist TARURA to build a
better understanding of climate risk and vulnerability of district roads and communities they serve by
providing a practicable climate change adaptation strategy for the sector, including funding options. Bahi,
the pilot district, was involved in identifying the location of the road infrastructures, their geological,
topographical characteristics, vulnerabilities of the design, construction standards applied, and
maintenance challenges.
The CVRA methodology sets out the requirements for quantitative analysis based on the risk concept
presented in the Intergovernmental Panel on Climate Change (IPCC) 2014 Fifth Assessment Report (AR5), 7
whilst integrating a form of multi-criteria analysis and weighted arithmetic aggregation. This requires the
calculation of a series of indices enabling the comparison of the criticality of different road sections, based
on a series of criteria corresponding to climate related exposure, vulnerability, and hazards.
Data were received through stakeholder engagements, the Tanzania Meteorological Agency, the National
Bureau of Statistics and a Road Inventory and Condition Survey (RICS) for the district roads in Bahi. A
survey of 695.2km of district roads, with 111 bottlenecks, provided key information about the road assets, in
particular their engineering status, road surface type, subgrade soils, road formation and cross-drainage
structures. Climate Change projections for 2025-2045 and 2045-2065 were completed using climatic
models performed for Representative Concentration Pathways (RCP) 8.5.Most models project moderately
wetter conditions in future (up to +13%) with stronger agreement that temperatures will increase on
average by0.8 – 1.8°C for Bahi DC and precipitation by more than 10% with a decrease in number of
rainfall days. A geospatial database was established to produce a series of maps displaying Exposure,
Vulnerability, and Hazard (EVH) information to highlight the most vulnerable locations of the rural road
infrastructure network. These maps were analysed using a clustering technique (Getis-Ord Gi*) to
determine the final highest-scoring segments, referred to as hotspots. The 12 road section hotspots were
identified for baseline climate conditions, whilst 15segments 107 Km (which is 15% of the total network)
were identified under projected (2065) climate conditions.
Keywords: Climate Change, District Roads, Climate Vulnerability Risk Assessment (CVRA), Exposure,
Vulnerability, Hazards

6
7

Asian Development Bank. (2011). Guidelines for Climate Proofing Investment in the Transportation Sector: Road Infrastructure Projects.
Source: https://www.ipcc.ch/report/ar5/
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1.0

INTRODUCTION

The United Kingdom (UK) is providing 25 GBP million to President’s Office Regional Administration and Local
Government (PORALG) to improve rural access in Tanzania as part of the Improvement of Rural Access in
Tanzania (IRAT) programme. The main outcome is improved access and a reduction in road transport cost to
markets and socio-economic services. In addition, the International Climate Fund (ICF) made 10 GBP million
available to fund a climate change component as part of IRAT.
Road transport is the major mode of transport carrying over 90% of passengers and over 75% of the freight traffic in
Tanzania8. Road transport infrastructure facilitates social cohesion through accessibility and mobility and is critical
for national development.
1.1

The influence of climate on road deterioration

Environmental factors - essentially moisture and temperature - have a profound effect on pavement performance.
This is particularly the case with low volume roads for which pavement deterioration is influenced mainly by how
the road responds to moisture changes in the pavement layers, fill and subgrade, rather than to traffic. This is clearly
illustrated in Figure 1: for Low Volume Roads (LVR), the environmental factor (including climate stressors) play a
much larger role in contributing to road deterioration than traffic loading. For High Volume Roads (more than 1
Million ESAs) the opposite is the case.

Figure 16: Contribution of environment and traffic in low volume roads deterioration(Source: Figure
produced by the Consultantadapted from the manual)
District roads in pilot district Bahi DC fall well below the one million ESA threshold where environmental
conditions (including climatic) is a more significant deterioration factor than traffic. District roads should therefore
be designed primarily on the basis of the environmental road conditions, including the projected climatic conditions.
1.2

Climate change and road transport infrastructure

Climate change already has a significant impact on Tanzania’s road transport infrastructure which in turn can
undermine the country’slong-term development objectives. For example, in January 20149, heavy rains in the
Dumila /Dakawa area in Kilosa DC, Morogoro region caused flooding that displaced more than 10,000 people, and
damaged properties, roads, bridges and crops.Figure 2shows how climate change can affect the design life of the
road infrastructure asset resulting in shortened road design life reduced asset condition and lost access with high
social and economic cost.

8

Comprehensive Transport and Trade System Development Master Plan in the United Republic of Tanzania, Progress Report, December 2011,
PADECO Co. Ltd, Nippon Koei Co. Ltd. International Development Center of Japan (IDCJ).
9
Source: Relief Web, https://reliefweb.intInternational/countries/Tanzania
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Figure 2: Impact of Climate Change on the Road Design Life and Road Asset Condition(Source: Figure
produced by the Consultant)

1.3

Bahi DC selected as pilot district

After discussions between the Client (DFID), the Beneficiaries (PORALG and TARURA) and Consultant, Bahi DC
in Dodoma region (was selected as the pilot district for the CVRA. The main reasons for the selection were:
▪
▪
▪

1.4

The location near Dodoma would facilitate participation by TARURA Head Quarter s(HQ) /PORALG.
Bahi DC is part of Tanzania’s internal drainage basin with no outlet to rivers draining to the Indian Ocean. Road
infrastructure in Bahi DC is therefore highly exposed to pluvial (surface water) flooding. Excessive
accumulation of surface water arises where a large amount of precipitation falls within a short period of time.
Although located in a dry climate zone (< 700 mm/year), there have been several notable floods in recent years.
In January 2010, three weeks of above-average rainfall, attributable to El Niño, led to the displacement of some
28,000 people in Dodoma and Morogoro regions. 10 In January 2016, Bahi suffered extensive flooding, affecting
some 2,650 people.11 Houses suffered severe damage and there was widespread inundation of roads. Rainfall on
17th January 2016 totalled 61mm and followed several weeks of above-average rainfall.12 Dodoma region
received 125mm rainfall during the second half of January 2016; 75mm above the 2001-2010 mean.13 Such
floods are likely to increase in magnitude in future: “Future changes in precipitation have the potential to bring
heightened floods, landslide and health risk, increased soil erosion and crop damage.” 14

Bahi District roads

Bahi DC indicated that the total district road network length in Bahi DC was 695.2 km, only 67.5% of the district
roads are fully engineered(469.6Km). About 32.5% are partially or non-engineered roads (225.7Km). The latter are
most vulnerable to the effects of climate change most of which are earth roads (536.5Km-77.2%) with Gravel
(157Km-22.6%) and paved only 0.2% of the network with 1 road double surfaced of 1.7Km in whole Bahi District.

10

http://www.ifrc.org/docs/appeals/10/MDRTZ0101.pdf Accessed: 10.06.2018
https://reliefweb.int/disaster/fl-2016-000011-tza Accessed: 10.06.2018
12
http://floodlist.com/africa/tanzania-floods-mwanza-dodoma-further-flood-warnings-issued
Accessed: 10.06.2018
13
https://earlywarning.usgs.gov/fews. Accessed: 12.04.2018
14 Hepworth, N.D., 2010. Climate change variability and adaptation preparedness in Tanzania. Heinrich Böll Foundation, Nairobi, Kenya.
11
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Figure 3: Location and Overview of Road Infrastructure Network of Bahi DC (Source: Map produced by the
Consultant)

2.0

METHODOLOGY

2.1

Concept

The purpose of the CVRA is to assist determination of at-risk assets in a dynamic climate; and prioritize investments
and risk reduction actions throughprovision of a robust evidence-base for engineers, planners, and investors.The
following five steps were followed to assess the data required for the individual components of the ExposureVulnerability-Hazard (EVH) layers and to develop a GIS database:
▪
▪
▪
▪
▪

Task 1: Exposure Assessment;
Task 2: Vulnerability Assessment;
Task 3: Hazards Assessment;
Task 4: Assess EVH hotspots; and
Task 5: Identify and prioritise indicative interventions (resilience measures).

A CVRA methodology was developed on the basis of the latest internationally accepted definitions and approach to
CVRA as presented by the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment Report (2014).
This methodology adapts the concepts of CVRA, Vulnerability and resilience are unified to determine vulnerable
locations, where by a traditional road asset management tends to focus on principal infrastructure elements – road
pavement and structures. This is driven mainly from vehicle movements. Climate change involves key hazards
which can start outside of the road corridor.
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For example, the vulnerability of a bridge is not just down to the strength of a bridge due to extreme rainfall
intensities but the extent to which this is curtailed through catchment management upstream. Addressing this would
limit exposure which will limit vulnerability which will limit the need for resilience measures. Similarly, addressing
the exposure of the road corridor to flooding through slope protection measures and drainage improvements will
have knock-on benefits in reducing how this impacts the integrity of the road assets.
For this reason, the CVRA takes a different approach to auditing a road than a traditional road asset management
systems approach. Rather than looking at the vulnerability along the whole of the road corridor the CVRA targets
exploration (on the ground) of a wider ‘area of influence’ at specific hot spot points. This different style of audit
makes the CVRA for transport infrastructure to be particularly suitable for analysis through a GIS platform,upon
which criticality of the road asset and risk assessments can be used to define priority focus areas as demonstrated in
Figure 4.

Figure 4: Core concepts of IPCC AR5 report, and framework for their interaction 15
2.2

Road Inventory and Condition Survey (RICS)

The objective of the RICS was to obtain an up-to date and detailed inventory and condition survey of local
government roads in Bahi DC as an input to the CVRA. The inventory data included engineering status, road surface
type, subgrade soils, e.g. including problem soils such as black cotton soils, road formation and drainage system.
During the RICS a total of 111 bottlenecks were identified on the 695.52Km district road network in Bahi DC.
Bottlenecks are locations on the road network where accessibility is difficult or frequently undermined.
2.3

Task-by-task approach of the CVRA methodology

Task 1: Exposure assessment
Exposure is defined by the IPCC AR5 report as ‘the presence of people, livelihoods, species or ecosystems,
environmental functions, services, and resources, infrastructure, or economic, social, or cultural assets in places
and settings that could be adversely affected’.
In this study, exposure is defined as the presence of road transport infrastructure (e.g. roads, bridges and culverts)
that could be adversely affected by climate variability and change, both directly as well as impacting other
economically and/or socially important infrastructure and communities that are reliant on the road transport
infrastructure, other exposure layers were, natural resources (rivers, streams and lakes), socio-economic services,

15

Illustration of the core concepts of the WGII AR5. Risk of climate-related impacts results from the interaction of climate-related hazards
(including hazardous events and trends) with the vulnerability and exposure of human and natural systems, Chapter 19.2, Figure 19-1).
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population distribution and poverty levels. Table 1 provides an overview of Bahi DC’s district road network by road
classification and surface type.
Table 1: Summary of main road transport infrastructure in Bahi DC

Road
Classification

Length (km)

Road Surface
Type

Length (km)

Collector

272.40 km

Paved

1.70 km

Feeder

422.80 km

Gravel

157.00 km

Community

-

Earth

536.50 km

Total Length

695.20 km

Total Length

695.20 km

Task 2: Vulnerability assessment
Vulnerability is defined by the IPCC AR5 report as ‘the propensity or predisposition to be adversely affected’ and
encompassing ‘a variety of concepts and elements including sensitivity or susceptibility to harm and lack of
capacity to cope and adapt.’
For district roads in Tanzania, vulnerability is defined as the propensity of the road transport assets, network and
institutions to be adversely affected by climate variability and change and their ability to respond. For example, the
vulnerability of bridges will depend on their design, the construction quality and the maintenance regime.
The vulnerability indicators for road sections include among others: the road engineering status (engineered,
partially engineered or non-engineered), road surface type (paved, gravel or earth), road condition (including road
surface and drainage systems); and the presence of existing bottlenecks on the road sections (weak spots that
undermine access).
From the field work it was further observed that unsustainable development, in particular overgrazing by livestock
and uncontrolled diversion of streams for irrigation alongside the road corridors in Bahi DC does have a major
contribution on the vulnerability of the road to erosion.
Task 3: Hazard assessment
A Hazard is defined by the IPCC AR5 report as ‘climate-related physical events or trends, or their physical
impacts’ that may cause ‘loss of life, injury, or other health impacts, as well as damage and loss to property,
infrastructure, livelihoods, service provision, ecosystems and environmental resources’.16
Climate change does not necessarily create ‘new’ hazards and risks for the transport sector. Rather it typically
represents a change to existing risk profiles. The main hazards included for Bahi DC were Pluvial Flood, Fluvial
Flood and Precipitation-Induced Landslides and Erosion.
The climate-related variables and hazards of relevance depend on the location of the infrastructure and the type of
asset. For example, Figures 5 and 6show the location of the roads and drainage structures in relation to the current
baseline and projected pluvial flood risks for 2065.

16Oppenheimer,

M., M. Campos, R. Warren, J. Birkmann, G. Luber, B. O’Neill, and K. Takahashi, 2014: Emergent risks and key
vulnerabilities. In: Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects.
Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Field,
C.B., V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova,
B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea, and L.L. White (eds.)]. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, pp. 1039-1099.
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Figure 5:ShowingPluvial Flooding - Baseline 1 in 20
Years Bahi District

2.4

Figure 6:Showing Pluvial Flooding - Projected (2065) 1
in 20 Years Bahi District

Climate change projections for Tanzania and Bahi DC (2025-2065)

Climate projections are not the same as weather predictions:projecting future potential climate change over multiple
decades inevitably involvesuncertainties, dependent on a range of factors including scientific understanding and
future land use change and emissions reduction. Projections suggest that central Tanzania could experience
moderately wetter conditions (up to +13%) by the 2050s17, and mean rainfall increasing in the north and northeastern
Tanzania (+3-4%),but decreasing in the south (-1–2%). They also indicate increasing seasonal variability, with
possible drying during the October – December period, but wetting during the March – May; the de facto extension
of the ‘wet season’. There is likely to be an increase in the number of ‘heavy rainfall’ days and increase in rainfall
extremes across eastern Africa18. There is general agreement that average temperatures will likely increase by 0.8 –
1.8°C19and the number of ‘hot’ (>30°C) days will increase by more than 10 in northern Tanzania and more than 80
days per year in coastal regions. Mean sea level along the Tanzanian coast is projected to increase by between 16
and 42cm by the 2050s,20 depending on future emission reduction .
The majority of rural road improvements concern road assets that are designed for a return period of between 5-15
years (e.g. small drainage structures).In future, these should be designed on the basis of uplifting baseline extreme 117DoE,

2014. Second National Communication to the United Nations Framework Convention on Climate Change. Division of
Environment, Dar es Salaam.
18Niang, I., Ruppel, O.C., Abdrabo, M.A., Essel, A., Lennard, C., Padgham, J., and Urquhart, P., 2014. Africa. In: Climate
Change 2014: Impacts, Adaptation, and Vulnerability. Part B: Regional Aspects. Contribution of Working group II to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change [Barros, V.R., C.B. Field, D.J. Dokken, M.D.
Mastrandrea, K.J. Mach, T.E. Billir, M. Chatterjee, KL. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S.
MacCracken, P.R. Mastrandrea, L.L. White (eds.)] Cambridge University Press, Cambridge, United Kingdom and New York,
NY, USA pp. 1199-1265.
19Future Climate for Africa, 2017. Country Climate Brief: Future climate projections for Tanzania. Available at:
http://www.futureclimateafrica.org/wp-content/uploads/2017/08/fcfa_tanzania_climatebrief_web.pdf Accessed: 10.07.2018.
20 USAID, 2018. “Climate Risk Profile: Tanzania”. [online] Available:
https://reliefweb.int/sites/reliefweb.int/files/resources/20180629_USAID-ATLAS_Climate-Risk-Profile-Tanzania.pdf
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day rainfall figures by the projected changes in extreme rainfall for the period 2025 – 2045 (benchmark year 2035.
Medium-sized drainage structures should bedesigned for a return period of between 25 – 50 years and uplift baseline
extreme 1-day rainfall figures by the projected changes in 1-day rainfall for the period 2045 – 2065 (benchmark year
2055).
2.5

Changes in extreme rainfall

Climate change delta values were obtained for the period 2025-2045 and 2045-2065 relative to 1986-2005 using
Representative Concentration Pathways (RCPs) 8.5 and (RCP 4.5/8.5) respectively. These delta values were
obtained from an ensemble of General Circulation Models (GCMs) and applied to baseline rainfall and temperature
data obtained from Bahi DC meteorological station.
The projected changes in extreme rainfall for Bahi DC (max 1-day rainfall and max 5-day rainfall) are presented in
Table 2for 2025-2045 and 2045-2065 under two different climate change scenarios (RCP 4.5 and 8.5).
Table 2: Projected increase (%) in maximum 1-day and maximum 5-day rainfall over Bahi for 2030s (RCP
8.5) and 2050s (RCPs 4.5 and 8.5), relative to 1986-2005. Source: KNMI, 2018.
Time Series and RCPs
2025 – 2045 (‘2035’)
RCP 8.5
2045 – 2065 (‘2055’)
RCP 4.5
RCP 8.5

Change (%) in extreme
1-day rainfall (90th
percentile)

Change (%) in extreme
5-day rainfall (90th
percentile)

17%

18%

28%
40%

21%
38%

Projections of extreme rainfall at the 90 th percentile were used for RCP 8.5 for 2025 – 2045 (‘2030s’) and RCP 4.5
for 2045 – 2065 (‘2050s’). These projections suggest an uplift of 17% (28%) in extreme 1-day rainfall and 18%
(21%) in extreme 5-day rainfall for the period 2025-2045 (2045-2065).Maximum 1-day rainfall data were obtained
from the Tanzania Meteorological Agency (TMA) for the period 1986-2005 for two different stations, one at Bahi
DC and the other at Dodoma Municipal Council (MC) Airport.
On the basis of historic data and adjustment factors for extreme storm events, Intensity Duration Frequency (IDF)
curves were prepared for rainfall durations between 15 and 180 minutes and different storm return periods (5, 10, 25
and 50 years) representing pluvial flooding (flash floods) for the baseline and the future (2045- 2065) time
periods.An uplift factor of 17% was applied to the 5 and 10 years return periods corresponding to the projected
change in extreme 1-day rainfall for the benchmark year 2035 (period 2025 - 2045). An uplift factor of 28% was
applied for the 25 and 50-year return periods corresponding to the projected change in extreme 1-day rainfall for
benchmark year 2055 (period 2045 – 2065). These IDF curves that take into account the potential impacts of a
changing climate in Bahi should be used as the basis for future design of small drainage structures in Bahi.
3. RESULTS
3.1

Task 4: Exposure-Vulnerability-Hazard (EVH) assessment

As stated by the IPCC AR5 report and depicted in Error! Reference source not found., the interaction of
climate-related hazards with an exposed and vulnerable system, leads to climate impacts. As such, ‘vulnerability,
exposure, and climate-related hazards (are) determinants of impacts’. The risk of an impact happening is
determined by the ‘probability [or likelihood] of occurrence of hazardous events or trends multiplied by [the
severity of] impacts [or consequence] if these events or trends occur’.
The GIS data collected during Tasks 1, 2 and 3 were stored in a GIS database. These data were layered, and maps
were generated, for both the baseline scenario and for the 2065 scenario to visualize the coincidence of exposed and /
or vulnerable communities and assets and hazards (including for climate change) coincide or are in close proximity.
Four basic tasks were undertaken to complete the mapping and index-driven hotspot assessment.

“The Role of the Engineers in addressing Climate Change, Challenges and Opportunities” | 99

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

3.2

Prepare GIS data for mapping and inclusion in EVH index

All Exposure, Vulnerability and Hazard layers were prepared for use in GIS either as vector or raster layers and
projected using WGS 1984. The data for each indicator were normalized to a standardized scale of 0-1. Where the
data were qualitative (e.g. “High, Medium, Low”) these data were first converted to a numeric scale.
3.3

Generate EVH maps

Initial non-index driven EVH maps were prepared in GIS to show the exposure and vulnerability of road assets
against the main climate hazards.
3.4

Decide on weightings for each indicator in the index

Based on field visits, meetings with stakeholders and the engineering judgment of the road experts, weighting of
each indicator was adjusted to reflect the major concerns of the rural roads sector in Tanzania, with more balanced
index reflecting the relative importance of each hazard type:
Fluvial Flooding (1), Pluvial Flooding (1), Erosion (0.75) and Landslide (0.50)
3.5

Create index, GIS model and hotspot maps

Once all data were normalized to a common scale of 0-1, and relevant thresholds applied, the data layers were
processed through GIS model to generate composite ‘hotspot’ scores, as indicated:
EVH hotspot score = Exposure [Ei+EiiEiii+ ..] + Vulnerability [Vi+Vii+Viii+ ..] + Hazards [Hi+Hii+Hiii+ ..]
The process of developing a, index is an iterative process; the varying combination and weighting of variables within
these three overarching categories determines how the road network and the communities they serve are expected to
be affected. The analysis uses a clustering technique (Getis-Ord Gi) of the final highest-scoring segments, which
presents a more objective way of determining ‘hotspots’. Getis-Ord Gi analyses statistically-significant clusters
rather than simply locations of the highest scores.
3.6

Task 5. Review of hotspots

The highest ranked EVH hotspots were
visited to ensure that identified risks were
a good reflection of what was observed in
the field. Where necessary adjustments
were made to fine-tune the methodology.
The hotspots of the baseline and
projection scenario were ranked based on
their EVH score. This score reflects the
aspects of exposure, vulnerability and
hazards for each hotspot that was
identified. This ranking shows some of
the most vulnerable locations on the road
transport network in Bahi DC.
The summary of the key hotspots
produced from the analysis of the EVH
data/hot spot mapping are set out in
Figure 7 and Table 3.

Figure 7: Hotspot summary Map for the 2065 Projection Scenario
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Rank

Table 3: Key hotspot road section summary for the 2065 Projection Scenario
From – To
Length (km) Pluvial Baseline Fluvial Baseline

Landslide

Erosion

Score

1

Kongogo – Asanje

15.00

High

Very High

Very High

Low

4.800

2

Mpalanga – Nholi

16.55

High

High

Moderate

Very High

4.600

3

Bahi – Chidete–Makanda

16.00

High

Very High

Moderate

Low

4.550

4

Nchinila-Ibugule

5.60

Very High

Very High

Moderate

Very High

4.500

5

Chifutuka-Iwumba-Nondwa

14.10

High

High

Very High

Very High

4.450

6

Nondwa–Sanza

5.90

High

Moderate

Low

Very High

4.150

7

Zejele–Chikopelo

2.65

High

Very High

Low

Very High

4.150

8

Bahi – Chidete–Makanda

17.00

Moderate

High

Moderate

Low

4.150

9

Zejele – Magaga–Chifutuka

1.04

Very High

Very High

Low

Low

4.100

10

Tinai–Kongogo

2.92

Very High

Moderate

Low

Low

4.100

11

Zejele – Magaga–Chifutuka

0.91

Very High

Very High

Low

Low

4.100

12

Kigwe -Mpinga- Mzogole

2.45

High

Moderate

Moderate

Very High

4.000

13

Mindola–Bankolo

1.00

Moderate

Very High

Moderate

Low

3.950

14

Asanja–Duluu

5.18

Moderate

Very High

Low

Very High

3.950

15

Kigwe -Mpinga- Mzogole

1.25

Moderate

High

Low

Very High

3.950

Total length (km)

107.55

Hotspot values were calculated using a combination of inputs from the different EVH parameters. First inputs were
rasterised, reclassified and assigned a value of 1 per pixel. Second inputs were processed arithmetically using the
raster calculator guided by a predetermined algorithm, which combined data from the parameters of: (i) Exposure,
(ii) Vulnerability and (iii) Hazards. This processing produced a value for each pixel based on the arithmetic
calculation applied where inputs (pixels) overlap. For the 2065 projection scenario, the number of 99% confidence
hotspots road sections increased from 12 to 15 with scores ranging from 3.95 to 4.80 (seeTable 3) This means that
the impacts of climate change are expected to drive a modest increase in very high risk road sections compared to the
baseline scenario.The validity of each hotspot identified through this analysis was confirmed through local
engineering knowledge and follow up field investigations by the road expert and the district engineers of Bahi DC.
3.7

Task 6 Road Network Criticality Assessment

The objective of this task is to identify the most important parts of the road network in the area under investigation.
This enables the subsequent detailed assessment and planning of interventions guided by systematic prioritisation,
driven by criticalitythat the improvements maximise the social benefit. This happens in two ways. Firstly, by
integrating social criteria (in this case the location of local populations and employment) so that it benefits local
communities’ access needs (as well as the economic benefit of longer-disaster road transportation) and secondly, by
ensuring that the resilience improvements made don’t have knock on effects (e.g. not raising a road embankment in
such a way that a housing area or school accessed via a connecting road is cut off as a result).
Task 7: Determine prioritisation methodology for road links
The methodology for this task uses a form of multi-criteria analysis, specifically Weighted Arithmetic Aggregation
based upon a series of criteria. This has determined the methodology followed in this study. The criteria used were
as follows:
•
•
•
•
•
•

Traffic volume (Low, Medium, High): 10%
Public transport services (Yes or No): 5%
Number of people served (High, Medium, Low): 30%
Redundancy/alternative routes (Yes or No): 20%
Poverty incidence: 10%
Access to schools and health facilities (expressed in numbers or as High, Medium or Low): 25%

The following was the list of Roads from Hotspots with criticality assessment index.
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Table 4: Qualitative scoring of the hotspots against the prioritization criteria
Rank

From – To

Traffic

Public
Transport

Population

Adaptive
Capacity

Poverty
Level

S&E
Services

Final
score

15

Kigwe -Mpinga- Mzogole

0.6

1

1

1

0.6

0.6

0.82

12

Kigwe -Mpinga- Mzogole

0.6

1

0.6

1

0.6

1

0.8

6

Nondwa – Sanza

0.3

1

0.3

1

0.6

1

0.68

13

Mindola – Bankolo

0.3

1

0.6

0

1

0.6

0.51

8

Bahi – Chidete - Makanda

0.3

0

0.3

1

1

0.3

0.495

10

Tinai – Kongogo

0.3

0

0.3

1

1

0.3

0.495

1

Kongogo – Asanje

0.3

0

0.3

0

1

1

0.47

5

Chifutuka-Iwumba-Nondwa

0.3

0

0.3

0

0.6

1

0.43

3

Bahi – Chidete - Makanda

0.3

0

0.3

0

1

0.6

0.37

9

Zejele – Magaga–Chifutuka

0.3

1

0.3

0

0.3

0.6

0.35

11

Zejele – Magaga–Chifutuka

0.3

1

0.3

0

0.3

0.6

0.35

2

Mpalanga – Nholi

0.3

0

0.6

0

0.3

0.3

0.315

14

Asanja – Duluu

0.3

0

0.3

0

1

0.3

0.295

7

Zejele – Chikopelo

0.3

1

0.3

0

0.3

0.3

0.275

4

Nchinila-Ibugule

0.3

0

0.3

0

0.3

0.3

0.225

4. 0

FINDINGS AND CONCLUSIONS

A CVRA framework was honed and applied to Bahi DC in accordance with IPCC AR5 risk concept. This approach
considered the exposure, vulnerability and hazards of road transport infrastructure. Whilst climate change will likely
drive a moderate increase in hotspots in Bahi, this is only one factor. District roads are relatively more vulnerable to
climate change because they are built tolower design standards (at lower cost), predominantly earth and gravel roads
and improved/maintained under challenging implementation arrangements.
In terms of existing drainage structures, with extreme 1-day rainfall in Bahi DC is projected to increase by 17% by
the 2030s and 28% by the 2050s, based on the 90th percentiles of the pessimistic (RCP8.5) and moderate (RCP4.5)
emissions scenarios respectively. For the same time horizons and scenarios, 5-day rainfall is expected to increase by
18% by the 2030s and 21% by the 2050s. This has major implications for the existing road drainage system, which
are already well below the required threshold to cope with the current climate conditions.it should be assumed that
these would be exposed to more frequent and higher flood levels than what they were originally designed for. This
will result in occasional overtopping and, if not properly protected, may result in washouts that cause interruptions to
road users, higher maintenance and emergency repair cost.
Changes in (extreme) rainfall may, among others, result in the following hazards: flooding and rainfall induced
erosion and landslides. These hazards have been modelled using the CVRA methodology. for the inland district of
Bahi DC. If similar studies would be repeated in coastal districts, then tidal surges and sea level rise would also have
to be considered in the CVRA. Temperature and wind related hazards, with slower onsets, also exist but are less
relevant for district roads and cannot be easily localised at the scale of Bahi DC.
The hotspots identified should be used to direct on-site engineering assessments to where current and future risks for
climate related damages are most likely to happen. Such engineering assessments should benefit from and follow on
from the CVRA approach and also include other vulnerable locations known by local officials and road users.
Climate change is a reality and affects all sectors of society, and places such as Bahi are likely to be significantly
affected by climate change in future. As engineers, we need to work to mitigate the impacts of climate change on
road transport assets, and thereby help to build resilience into the transport system. It is imperative that we limit the
impact of both current climate-related hazards as well as deal with the future likely impacts of climate change
‘locked-in’ due to accumulate datmospheric greenhouse gases. But as well as adapting to the effects of climate
change, we can support efforts to reduce the road transport sector’s contribution to the causes of climate change by
supporting rural areas in countries such as Tanzania transition to low- or zero-carbon mobility.
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PUBLIC POLICY AND THE ROLE OF ENGINEERS IN ADDRESSING CLIMATE
CHANGE
Eng. Ramo M. Makani (MP), FIET, P.Eng. (T)
The Less we do to address Climate Change Now the More Regulations we will have in the Future
- Bill Nye

ABSTRACT
Climate Change challenge in conjunction with sustainable development has for many years been a
permanent agenda in the world and the need for addressing it has also been on the increase, whereby
various roles by different role-players have increasingly been in place. Role players including Governments,
Private Sector and PPP arrangements; Professions other than engineering including Scientists, economists,
Lawyers, political scientists, Politicians etc. have had isolated and unconnected efforts. Within engineering,
various engineering disciplines have had different specific roles. The major question is, how have the
world's role players, engineers inclusive, individually and collectively, addressed this menace for
collective/shared results?; It appears therefore, that a somewhat rule(s) of the game is desirable on top of
the famous general international agreements. Engineers for example, being the key role player from the
definition of engineering and the major cause of Climate Change, they must adopt a completely different
attitude towards natural and cultural systems and reconsider interactions amongst engineering disciplines,
other technical and non-technical fields and the society at large both locally and internationally.
Apparently, David White correlate the above with a Public Policy concern. A passerby wonders how will the
situation be like in the future of this world, in the absence of proper public policy or where public policy is
ignored or disregarded towards Climate Change?.
Keywords: Engineers, Climate Change, Public Policy, regulations, society.
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