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Foreword: by President of
the Institution of Engineers
Tanzania
profound knowledge and effort in a coordinated manner to
address climate issues.
Fellow engineers, foreign delegates and conference
participants, on behalf of the Council of the IET I warmly
welcome all of you to this 12th International Conference and
44th Annual General Meeting in this beautiful Ngurudoto
Mountain Lodge on the slope of Mount Meru in Arusha,
Tanzania. We will be spending two and half days of
interactions and discussions on matters of interest to our
profession and development of the country.
We thank God for yet another gathering which was very
unlikely taking into account what has transpired since the
beginning of this year. Thanks to virtual technology we were
able to adapt to the new normal and continue with some
activities.
We are grateful that the Permanent Secretary Vice
President’s Office, Union and Environment Eng. Joseph
Malongo has accepted our invitation to grace this year’s
Conference. I take this opportunity on behalf of IET and
myself to warmly welcome him.

This conference will give us the chance to exchange notes,
share experiences and deliberate constructively on
challenges facing us and how we should and need to move
forward towards attaining sustainable development.
A number of papers will be presented focusing on the
conference sub themes while sharing experiences. Papers
on cross cutting subjects will present matters that are
common to all facets of the engineering profession
touching on our daily practices and challenges.
IET continues to collaborate closely with the Engineers
Registration Board (ERB), Association of Consulting
Engineers Tanzania (ACET), East African Federation of
Engineering Organization (EAFEO) and other regional
and World Engineering Bodies in enhancing the practice
of engineering and working with a view to raising the
competence of the Tanzanian engineer. I call upon all
engineers for your full cooperation and participation in the
various IET programs.

Asante Sana Mheshimiwa Katibu Mkuu
The theme of this year’s conference is “Integrating
Adaptation to Climate Change through Sustainable
Engineering, Challenges and Opportunities”. It is a well
thought of theme and has come at a time when the nation
and the world are being affected by the knock on effects
of climate change. It is not farfetched to connect the
uncertain weathers patterns and the emerging of new
pathogens to climate change. The gain that the nation may
get through industrialization may be compromised by the
effect of climate change.
Engineers of all disciples in the country are now called
upon by the exigency of the times to continue exerting

There will be opportunity during the last day of the
conference to participate in industrial visits prepared for
you or to relax by visiting our Northern Circuit tourist
attractions, Serengeti National Park is included in the list
this year.
I wish all of you a pleasant stay in Arusha
Karibuni Sana.
Eng Menye David Manga, Adv.
President
Institution of Engineers Tanzania
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Message from Registrar of
Engineers Registration
Board
On behalf of the Management and Staff of the Engineers
Registration Board (ERB) of Tanzania, I wish to
congratulate the Institution of Engineers of Tanzania (IET)
on this occasion of the 12th International Conference. The
ERB has had the honour to support the Institution towards
making this conference a success.
The theme of the conference “Integrating Adaptation to
Climate change through sustainable EngineeringChallenges and Opportunities” reflects quite well the IET’s
and the Engineering community’s commitment to serve
Tanzanians in line with Tanzania Development Vision 2025
& SDGs and indeed, the contribution of the engineering
practice in the achievement of the National Development
Agenda of Industrialization.
The Board, on its part, continues to carry out its mandate as
provided for in the Engineers Registration Act, No. 15 of
1997 and Amendment of 2007 including, among others,
registration of Engineers, professional development of
Engineers, promotion and maintenance of professional
conduct and integrity of the engineering profession and
monitoring the conduct of Engineers and Engineering
Consulting Firms. Over the last seven years, ERB has laid
the foundation for a robust engineering practice in Tanzania
through the implementation of the Act. The Board has
identified necessary interventions for all phases of
engineering practice, Structured Engineering Apprentiship
Programme(SEAP) for graduate engineers and CPD and
Regulation for registered engineers and technicians.
Currently the total number of registered engineers is 29,328
and technicians are 1,496 while the consulting firms are 348.
In order to ensure effective and smooth implementation of
the ERB Mandates the Board has introduced the
Management Information Systems (MIS) and Engineering
Development Facility (EDF). MIS is meant to simplify
overall management of the Board records; provide easy
management of application process by facilitating engineers
and technicians to apply for registration online; Provide a
platform for Project registration and evaluation; Verification
for both engineers and firms; Publication and dissemination

of materials produced in connection with the work and
activities of the Board; and to Manage payment using
Government electronic Payment Gateway (GePG) by
integrating with Enterprise Resource Planning.
The Engineering Development Facility (EDF) is conceived
by ERB to contribute in the realization of the Vision and
Mission of the Board in alignment with the national and
global agendas. The Engineering Development Facility is
intended to allow the Board mobilize, raise and manage
funds for the purpose of financing its various promotional
undertakings and ensure that the funds granted by the
stakeholders are utilized for the intended outcomes.
Specifically; EDF will support among others the following;
Construction of the Industrial Development Centre
(Mhandisi House) for focusing delivering EDF objectives
while also responding to the challenges of the unavailability
of offices to accommodate ERB, Government institutions,
and other ERB stakeholders and partners; Capacity building
of engineers and engineering consulting firms, whereby in
the first six (6) years of the project 4,000 local graduate
engineers and 3,600 professional engineers will benefit from
training and mentorship, as appropriate; and Construction,
equipping and operationalization of the Engineering
Innovation Centre. I therefore request engineers,
stakeholders and donors to support us towards the
implementation of this marvelous project which will highly
promote industrial development in the country.
In conclusion, I wish to assure all our stakeholders that the
Board will continue supporting sustainability, growth, and
competitiveness of Engineers, Consulting Firms and
Engineering Technicians for betterment of our nation.
I applaud the IET and delegates and look forward to a fruitful
conference.
Eng. Patrick Barozi
REGISTRAR
ENGINEERS REGISTRATION BOARD
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Session 1:
SUSTAINABLE ENERGY DEVELOPMENT AND
MAINTENANCE
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PRELIMINARY PLANT DESIGN FOR THE PRODUCTION OF DIMETHYL ETHER (DME) USING
NATURAL GAS FROM MADIMBA, MTWARA, TANZANIA
G.D. Mrema and W. L. Marandu
Department of Mechanical and Chemical Engineering, University of
Dar es Salaam, P. O. BOX 35131, Dar es Salaam, Tanzania
Fax: +255-22-2410029; email: mremag@udsm.ac.tz; gdmrema@yahoo.com
Tel: +255 787 880 601; email: wleod27@outlook.com
ABSTRACT
The study was aimed at investigating suitability of dimethyl ether (DME) as an alternative fuel in Tanzania,
synthesize of DME using local (Madimba, Mtwara) natural gas and performing preliminary plant design for
DME production. Extensive desk-work was conducted to review literature and justify the strength of Dimethyl
Ether (DME) over other alternative fuel choices. The methodology also involved field work to collect data from
stakeholders including the Ministry of Energy (MoE), Tanzania Petroleum Development Corporation (TPDC),
Tanzania Revenue Authority (TRA) and Energy and Water Utilities Regulatory Agency (EWURA) to establish
plant capacity estimation, process description, flow sheets construction, material and energy balance
estimations and raw material requirements. Plant simulation was performed using Aspen Plus software
Version 11.1, while the best location of the plant was determined using Factor Rating method. Results showed
that DME can be synthesized from the local natural gas and that 24.87 MMscfd of natural gas is required to
meet Dimethyl ether national requirements, which was found to be 250,000 tonnes per year. The best location
for the plant according to the Factor Rating method was determined to be Mtwara Region. It was also found
that natural gas-derived DME was found to be relatively cleaner than fossil fuels. From results obtained is
concluded that an indirect (2-step) DME plant utilizing Madimba natural gas as a feedstock is a good choice
at the right time for Tanzania. The science and engineering aspects of the plant are reasonably established
world-wide such that there will not be a need of reinventing a wheel. It is recommended to carry out further
studies on areas that are still grey including engineering and detailed design, material specification, as well
as economics of the DME plant.
Keyword: Industrialization, Sustainable, DME, Climate change

1.0 INTRODUCTION
One of the greatest challenges facing business entities and nations today is maintaining competitiveness in energy use for
industrial production while at the same time ensuring a healthy and sustainable environment. Tanzania, which was recently
promoted into the middle-income economy class, is a developing economy rich in natural resources including natural gas, that
has not yet been fully tapped to support its fast expanding industrial and economic growth for production of products such as
petrochemicals and fuels necessary for its expanding population. The aspiration is embedded in the Tanzania Development
Vision (TDV) 2025 and the 2nd Five-Year Development Plan-II (2016/17–2020/21) which aspires among others to construct
petrochemical industrial complex in Mtwara, according to the Natural Gas Utilization Master Plan 2016 and the National
Energy Policy, 2015.
The current global energy picture comprised of largely fossil fuels (Fig. 1) is both unsustainable and environmentally
destructive. The trend shown mimics itself in all countries including Tanzania although actual figures could be different.
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Fig. 1: Declining Trend and Importance of Fossil Fuels 2010-2050
The declining fossil energy resources against increasing human population Fig. 2 and Fig. 3, and the implied higher energy
requirement is likely to induce unresolved stress and crisis unless strategic interventions are considered and implemented in
advance. The interventions will be necessary to enable the energy sector to cope up and adequately support the
industrialization of Tanzania (URT, 2016) as expected of middle-income country.

Fig. 2: Global Population Trends by Major Area: 1950-2030
Source: (UN ESA, 2015)

Integrating Adaptation to Climate Change through Sustainable Engineering-Challenges and Opportunities |3

12th International Conference, December 3-5, 2020, Ngurdoto Mountain Lodge, Arusha, Tanzania

Fig. 3: Tanzania Population from 2010-2020 and Estimated Through 2050
Source: https://www.worldometers.info/world-population/tanzania-population/
Extensive literature search has revealed that a potential candidate for fossil fuels which are both unsustainable and highly
polluting is alternative-environmentally friendly fuels (Makos et al., 2019). According to the author, alternative fuels include:
Methanol (CH3OH), Ethanol (CH3CH2OH), Hydrogen (H2), Compressed natural gas (CNG) comprising of mainly methane
(CH4), Liquefied Petroleum Gas (LPG) comprising of mainly propane (C 3H8) or butane (C4H10) depending on the need,
various vegetable oils, ethers and fatty acid methyl esters and their blends, (Ausilio et.al., 2017).
From the aforementioned alternative fuels, the best candidate over the others appears to be ether. Ethers are a class of organic
compounds containing an ether group-an oxygen atom that is connected to two alkyl or aryl (e.g. phenyl or naphthyl) groups
with a general formula R-O-R where R or R represent an alkyl or aryl (e.g. C6H5) group. If the alkyl groups are the same on
both sides of the oxygen atom, then it is a simple of symmetrical ether; otherwise it is a mixed unsymmetrical ether. Dimethyl
ether (CH3-O-CH3) and commonly used solvent and anesthetic diethyl ether, (CH3-CH2-O-CH2-CH3) and commonly referred
to as ”ether”, are examples of simple, symmetrical ethers (Norillyas, 2014). Ethers are generally highly volatile and flammable
and so is DME, whose properties are very close to those of diesel and offers good potential but also challenge in use as a
fuel/energy source as shown in Tables 1 and 2 (Makos et al., 2019).
Table 1: Properties of DME and Diesel - Advantages and Disadvantages of Using DME
SNo.
1.
2.

Advantages
High oxygen content -smokeless combustion
Low boiling point – quick evaporation when liquid phase
DME is injected into engine cylinder

3.
4.

High cetane number ( 55) – good fuel for autoignition
Potential to achieve ultra-low emissions

5.
Good energy efficiency
6.
Low exhaust gas reactivity
7.
Multi-source and multi-purpose fuel
Table 2: Comparison of DME and Diesel Properties

Disadvantages
Low combustion Enthalpy
Low viscosity – could lead to dysfunction of the
conventional film bearing between the needles and
sleeve of the injector which may cause wear and tear
of parts and leakage
Low modulus of elasticity
Low boiling point – requires use of high-pressure
systems to keep fuel in liquid state
Low energy content – large fuel tank needs
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SNo.
Property
DME
Diesel
1.
Chemical Formula
CH3-O-CH3
C14.09H24.78
2.
Molar Mass (g.mol-1)
46
170
3.
Oxygen Content (% w/w)
34.8
0
4.
Carbon Content (Mass %)
52.2
86
5.
Hydrogen Content (Mass %)
13
14
6.
Critical Temperature (K)
400
708
7.
Critical Pressure (MPa)
5.37
3.00
8.
Critical Density (kg.m-3)
259
9.
Cetane Number
40-50
( 55) -55-56
10.
Enthalpy of Vaporization (kJ.kg-1)
467.13
300.00
11.
Gaseous Specific Heat Capacity (kJ.kg-1.K-1)
2.99
1.7
12.
Ignition Limits (Vol% in Air)
3.4/18.6
0.6/7.5
13.
Lower Calorific Value (MJ.kg-1)
27.600
42.500
14.
Viscosity (cP)
0.15
2.00
15.
Liquid Density (kg.m-3)
660-667
831
16.
Auto-ignition Temperature (K)
508
523
17.
Boiling Point at 1 atm. (K)
248.1
450-643
18.
Stoichiometric Air-Fuel Ratio
8.9
14.6
19.
Vapor Pressure at 298 K (kPa)
530
10
Source:(https://www.cleancookingalliance.org/assets-facit/Comparative-Analysis-for-Fuels-FullReport.pdf.
(Makos et al., 2019):
DME properties were compared with those of other alternative fuels as shown in Table 3:
Table 3: Comparison Between Properties of Alternative Fuels and DME
SNo.
1.
2.
3.
4.
5.
6.
7.

Property
Chemical Formula
Cetane Number
Ignition Temperature (K)
Lower Heat Value (MJ.kg-1)
Viscosity, 40C (cP)
Liquid Density (kg.m-3)
Diesel Gallon Equivalent

DME
CH3-O-CH3
55-60
235
28.80
0.18
660-667
1.88

Diesel
C14.09H24.78
40-55
250
42.50
2.30-3.30
840
1.00

Methane
CH4
650
49.9
420
3.98

Methanol
CH3OH
5
450
780
2.19

LPG
C3H8
5
470
46.0
0.10
490
1.55

One good feature of alternative fuels is that they combust cleanly with as low as possible emissions to the environment. Other
benefits of alternative fuels and specifically DME (Kumar et.al., 2018) include:
(i)
Utilization of abundant local natural resources;
(ii) Energy security;
(iii) Employment generation;
(iv) Affording foreign exchange savings;
(v) Creating and development of capacity;
(vi) Integration and catalysis of other economy sectors; and,
(vii) Cleaner environment
Emissions from Light Duty Vehicles (LDV)-powered by DME were compared with those from similar alternative fuels as
shown in Table 4 (Patten and McWha, 2016).
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Table 4: Estimated Emission Levels from Alternative Fuels and DME
SNo.
1.
2.
3.

Fuel Type

N2O
(g/km)
25-40
5-40
20

PM10 %

Gasoline
Diesel
0.510
Natural Gas
(CH4)
4.
Methanol
20
5.
LPG
20
6.
Biodiesel
0.520
7.
CNG
0.300
8.
DME
5-20
0.026
NB: GWP values relative to 1 for CO2 and 170 for N2O

CO2
(kg/L)

C-Intensity

CO%

12.64

74.7

0.01-0.1

GW
500 years

6.5

1.52
1.91
1.28

66.9

0.001 – 0.01

0.1

In spite of the advantages and other shared benefits DME has over diesel (Table 1) and other alternative fuels it also has
challenges. The following are some of the challenges associated in the use of DME as alternative fuel (Kumar, et.al., 2018):
(i) Need for adaptation in vital engine parts;
(ii) Cost (e.g. larger required amounts for equivalent energy due to relatively lower energy content);
(iii) Limited availability of feedstocks (natural gas is also limited and exhaustible);
(iv) Limited capacity (knowledge/skills and experiences) on important chemical, thermodynamics and physical as well
as logistics features of alternative fuels for process adaptation and scale-ups; and,
(v) Complexity of the process influencing fuel costs
The searched physicochemical properties and other benefits of DME show that DME and other alternative energy sources are
good fuel candidates and can also be mixed with other selected fuels such as LPG, up to 20% by volume of DME (Mendez,
2016) for heating and cooking.
The results of extensive deskwork on alternative fuels suggested as the most potential substitute, hence production methods
and requirements for DME were then followed up accordingly.

2.0 PRODUCTION OF DIMETHYL ETHER (DME)
DME can be produced through three different production pathways, namely:
(a)
Steam reforming (via syngas production):
It is one of the most widely used methods for syngas production. The process involves heating methane with steam over a
catalyst at high temperature of about 500 to 950 C and pressure between 20 to 40 bars. The main products of the reaction are
CO and H2. A small amount of CO2 is also formed in a water gas shift as a result of CO reacting with steam.
(b)
Two-step reforming:
The method can be two-step, a one-step, and a liquid-one-step process called bi-reforming. Typically, DME is produced
through a two-step process using syngas as feedstock derived from natural gas, coal, oil or biomass (mainly CH 4) as source
(Patten and McWha, 2016)–the study used natural due to among others its abundance in Tanzania. Other possibilities
include:
(c) Reforming of carbon dioxide (CO2):
CO2 reforming is also known as dry reforming since it does not involve any steam. The method involves the reaction of
carbon dioxide with methane, is endothermic and is carried out over a catalyst mainly nickel-based at a temperature between
800 and 1000 C as shown in equation (1a).
𝐶𝑂2 + 𝐶𝐻4 ↔ 2𝐶𝑂 + 2𝐻2
…………………………………………………………… (1a)
The other methods are partial oxidation and auto-thermal oxidation methods
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(d)
Partial oxidation of methane:
The method involves reacting methane with insufficient oxygen or without a catalyst. The reaction is exothermic and is
operated at high temperatures between 800 – 1500 C and a pressure between 25 and 80 bars. The H2/CO ratio is 2, which is
good for methanol synthesis (equation (2b).
𝐶𝐻4 + 0.5𝑂2 ↔ 𝐶𝑂 + 2𝐻2 …………………………………………………………………………..….. (2b)
(e)
Auto-thermal reforming:
To create a thermodynamically neutral reaction, the method combines steam reforming and partial oxidation of methane. This
is possible because steam reforming is endothermic while partial oxidation is exothermic and usually operated at temperatures
between 900-1500 C and a pressure between 1 to 80 bars.
Conversion to DME from local natural gas or other materials can be achieved by using any two main methods:
o – Indirect method -where DME is synthesized from syngas using a single reactor;
o Direct method – where DME is synthesized is synthesized from syngas by first making methanol in one reactor
before converting it into DME in the second reactor
2.1.
Indirect (2-step) synthesis method
The method involves conversion of the feedstock natural gas into syngas which is a mixture of hydrogen and carbon monoxide.
In the presence of a catalyst the syngas is further converted to methanol which is then dehydrated to produce dimethyl ether.
The method is indirect because it involves two-steps: first the production of methanol then DME. (Shekwomwaza, 2017).
This method is normally carried out at low temperatures to prevent the formation of unwanted by products like CO, ethylene,
coke and hydrogen. Figure 4 is a block diagram for the method.
Natural
gas

Steam
Oxygen

Reforming
Syngas

Syngas
Purge

Syngas

Gas
Cleaning

Methanol
Synthesis

Separation 1

DME
Synthesis

Separation 2

DME

Recycle
Methanol

Fig 4: Indirect Process for DME Synthesis (Source: (Seggin, 2014)

Syngas Production
The first step in the production of DME is production of syngas which is accomplished by converting natural gas (basically
CH4) into a CO, H2, and CO2 mixture through steammethane reforming process. Excess CO2 may be added to the natural gas feed in this step to adjust the modulus ratio, M:
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𝑀=

𝐻2 −𝐶𝑂2

(1)

𝐶𝑂+𝐶𝑂2

The optimum M ratio for methanol synthesis is 2, however, higher ratios are common and can be accommodated. The
overall syngas production process is endothermic and requires a high temperature heat source. Excess hydrogen in the
methanol recycle purge stream along with additional natural gas will provide the energy necessary to produce syngas.
Reformer Reactions:
𝐶𝐻4 + 𝐻2 𝑂 → 𝐶𝑂 + 3𝐻2
𝐻2 𝑂 + 𝐶𝑂 ↔ 𝐶𝑂2 + 𝐻2
𝐶𝐻4 + 𝐶𝑂2 → 2𝐶𝑂 + 2𝐻2
Production of methanol from syngas:
2𝐶𝑂 + 4𝐻2 → 2𝐶𝐻3 𝑂𝐻 + 𝐶𝑂2
Reaction 5 involves four basic reactions (6-9):
1. Methanol synthesis from CO
𝐶𝑂 + 2𝐻2 ↔ 𝐶𝐻3 𝑂𝐻
2. Methanol synthesis from CO2
𝐶𝑂2 + 3𝐻2 ↔ 𝐶𝐻3 𝑂𝐻 + 𝐻2 𝑂
3. Water gas shift reaction
𝐶𝑂 + 𝐻2 𝑂 ↔ 𝐶𝑂2 + 𝐻2
4. Methanol dehydration
2𝐶𝐻3 𝑂𝐻 → 𝐶𝐻3 𝑂𝐶𝐻3 + 𝐻2 𝑂
∆𝐻 = −23.4𝐾𝐽/𝑚𝑜𝑙
DME is produced from methanol by dehydration of methanol (removing water)
2𝐶0 + 4𝐻2 → 𝐶𝐻3 𝑂𝐶𝐻3 + 𝐻2 𝑂
3.0

(2)
(3)
(4)

(5)

(6)
(7)
(8)
(exothermic)

(9)
(10)

VARIANTS OF INDIRECT METHODS FOR DME PRODUCTION

(a) Convectional DME process
The process consists of system with a fixed-bed reactor followed by two distillation columns (Fig. 5). The first column
separates DME product while the second recovers the un-reacted methanol which is recycled back. Methanol conversion of
the process can reach up to 92.91%. High DME purity of about 99.5% mol is easily achievable but also due to the presence
of the reactor separator recycle the process can exhibit multiple steady sates and nonlinear behavior.

Fig. 5: Convectional DME process (Sources: (Kiss, et al., 2012)
(b) Reactive distillation column (RDC)
The RD column (Fi. 6{a}) is divided into three sections with a central reactive zone from which the products are continuously
removed thus overcoming the equilibrium limitations. High purity DME is collected at the top of the column, while a mixture
of water-methanol is obtained as the bottom stream that is afterwards fed to a distillation column. Pure water is removed as
the bottom stream of the distillation column, while the top distillate consists of mainly methanol and tiny amounts of DME.
The top methanol stream is then conveniently recycled back to the reactive distillation column unit. The system has high
purity DME conversion of about 99.9% wt. The advantage of this process is that it is flexible and can be used as a reactive
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distillation column or the distillation column. The methanol conversion in this case is about 50%, which is less compared to
the conventional DME process.
(c) Reactive dividing wall distillation (RDWC) and Reactive distillation (RDC) columns
The RDCWC variant is highly integrated setup that consists of only one column shell, one rebuilder and one condenser {Fig.
6(b)}. It consists of 35 stages with the reactive zone located between stage 8 and 31 on the feed side and a common stripping
section between stage 32 and 35, as well as the rectifying section between stages 1 to stage 7. The methanol stream is fed to
stage 8, at the top of the reactive zone, whereas in this case the feed side of the reactive dividing wall column acts as the
reactive distillation column with solid catalyst. High purity DME >99.99% wt. can be achieved and delivered as the top
distillate, while similar purity water is obtained at the bottom. The advantage of this is that it produces a very high purity
DME although it has low methanol conversion of about 50%. (Kiss, et al., 2012).

Fig 6: Reactive distillation column ({a}left) and Reactive dividing wall column ({b}right)
Source: (Kiss, et al., 2012)
Comparison of the three variants indicate that the reactive dividing wall column is the most efficient process in terms of high
purity conversion to DME compared with the other two. It also requires less equipment and ancillary units making it more
advantageous.
3.1 Direct synthesis method
DME is produced directly from syngas without intermediary methanol production step; thus, DME is produced directly from
methanol through catalytic dehydration as in Reaction 11:
3𝐶𝐻3 𝑂𝐻 ↔ 𝐶𝐻3 𝑂𝐶𝐻3 + 𝐻2 𝑂
(11)
In this case one mole of dimethyl ether is produced for every one molecule of water removed from three molecules of
methanol. There are no significant side reactions at the temperature range of normal operation. (Mohamed, et al, 2019).
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Reforming
Syngas
Purge

Syngas
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Gas
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and
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Synthesis

DME

Fig 1: Direct synthesis of DME: Source: (Seggin, 2014)

The strengths and weaknesses of the methods and variants were further compared as Tabulated in Table 5.
Table 5: Comparison for methods of synthesis
Direct Synthesis

Indirect Synthesis

Advantages

Disadvantages

Advantages

Disadvantages

High CO conversion

Difficult separation

Easier separation

Two reactors

Simple design

Many by products

Fewer by-products

Two separators

Low DME production

Low DME selectivity

High DME selectivity

Low one pass conversion.

One less reactor

High

greenhouse

gas

emissions
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Based on the findings and information in Table 5, the indirect method was considered for further investigation using local
natural gas and Aspen Plus software. The reaction of methanol (Fig. 5 and 7) is exothermic and thus heat should be
removed to increase the conversion.
Water

Steam
reformer
Natural gas

Methanol

MeOH
reator

MeOH
Column
Water

DME
Mixer

DME
reactor

Water
DME
Column

MeOH
Column

Fig 7: Process flow diagram for DME synthesis from natural gas

Purification of DME is done in the distillation column operated at 10 bars and separates DME product from methanol and
water. The separation required 20 stages with the feed stream entering at the upper section of the tower. Condenser cooling
requirement is supplied by cooling water. The overhead from the column contains 99% purity of DME and 1% for other
impurities which are methanol and water at very low percent of less than 0.15% of methanol. The produced DME is sent to
the storage at about 10 bars and at a temperature of about 46C. The bottom stream from the DME column contains
approximately above 36 wt.% methanol 60% water and 0.4-2.4% ethanol is fed in the second distillation column, as shown
in Fig. 8. The second distillation column is operated at 1.8 bars where the methanol is separated from water and recycled back
to the mixer with feeds to the DME reactor. The overhead column containing methanol is fed back to the reactor and water
from the bottoms is disposed as wastes (Zhu, et al., 2011).

Recycle Stream

Cooler
FEED
Mixer

Heater

DME

HE

Reactor

Distillation
Column 1

Water
Distillation
Column 2

Figure 8: Process flow diagram for DME synthesis from methanol
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4.0

CHEMICAL COMPOSITION OF MADIMBA NATURAL GAS

The chemical composition of natural gas from Madimba, Mtwara Tanzania is as shown in Table 6:
Table 6: Chemical composition of natural gas from Madimba, Tanzania
SNo Components
1
Methane
2
Ethane
3
Propane
4
n-Butane
5
i-Butane
6
i-Pentane
7
Hexane
8
Hexane and higher
9
Carbon dioxide
Source: GASCO, a subsidiary of TPDC, 2017

Composition (Mole %)
98.66137
0.95650
0.12778
0.02103
0.01734
0.00214
0.01206
0.00145
0.20174

The gas has a density of 0.69059 Kg/m3, a Lower Heating Value of 34.31822 MJ/m3 and Higher Heating Value of about
38.10319 MJ/m3. At 70 bars the water dew point is -15C and hydrocarbon dew point of -18.99C.
5.0

METHODOLOGY

(a)

Extensive literature search was performed to gather more information and establish:
o Relevant information on current and future global and nation energy and human population growth trends;
o Important information on properties of non-renewable (fossil fuels) and alternative fuels, DME included as well
as their comparison – hence choice for DME;
o Different production methods (technologies) and their variants;
o Suitable clock flow and process flow diagrams;
o Potential and suitable and locally available feedstocks for DME production;
(b) Fieldwork for data collection from strategic stakeholders, mainly EWURA, TPDC and TRA (for data on annual
importation of fuels including LPG; data on Madimba natural gas and other relevant data) for DME plant capacity
estimation:
(c) Process flow diagram established from the literature were modified from the Aspen Plus;
(d) Manual material balance on a calculator to obtain estimation of the amount of natural gas required and major flow size
of the streams. Simulation of the plant and data processing using Aspen Plus Version 11.1 to verify manually calculated
values;
(e) Best site location of the plant using Factors Rating Method (Sharma and Phanden, 2012)
Regarding site selection using Factor Rating Method, the following were considerations:
(i)
(ii)
(iii)
(iv)
(v)
(vi)

A list of relevant factors (critical success factors) was developed;
For each factor a weight was assigned relative based on its importance to the plant;
A rating scale was determined for each factor;
Potential location alternatives were developed;
Each alternative was scored;
Multiplication of each factor weigh by the score factor was done and the total weighted scores for each location was
obtained;
(vii) The best location with the highest score was selected.
The selection and location of a site was done considering both the following supply-side and demand-side factors:
Supply side factors considered included:
o
o
o

Land costs
Transport cost
Utility costs
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Demand side factors included:
 Market availability
 Labor costs

In addition, environment factors where the site would be located factors were also included.
6.0
6.1

RESULTS AND DISCUSSION
Annual LPG demand:

The annual LPG data collected from EWURA from 2015 to 2019 is as presented in Fig. 9.
Amount of LPG imported in tonnes
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Figure 9: Amount of LPG in tons imported annually, Source: EWURA (2019).
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Fig. 10: Actual and forecasted trend on LPG importation to Tanzania: 2015 to 2025
Annual demand of LPG in Tanzania has been increasing from year to year. LPG total imports in year 2018 was 120,961 mt
with an increase of 13% compared to 107,263 mt imported in the year 2017. In 2019 about 144,800 mt were imported showing
an increase of 21% from the year 2018. DME production capacity was thus set at 250,000 tons per year modification of the
data in Figure 8 to account for the fact that only about 7% of Tanzanian’s population use LPG as their main source of cooking
energy. According to the World Bank, 4.1% of Tanzanian’s were using LPG by the year 2017 while as of today 7% of
Tanzania’s population use LPG mainly for cooking. However, with the increase in population as shown in Figure 3 and more
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awareness the amount of LPG usage will increase every year (Fig. 10) supporting the need for petrochemical industries
including a DME plant.
Based on the mass balances calculated manually and verified by the Aspen Plus software, the amount of natural gas (raw
materials) required as feed stock for the DME production of DME is 24.79 MMscfd and 24.87 MMscfd respectively. The
slight difference in the results could be attributed to error propagation and assumptions made while performing manual
calculations.
The average of the two values, i.e. 24.83 MMscfd of natural gas is required for a plant capacity of 250,000 tons DME per
year which is about 11.84% of the all available natural gas. The total power required to supply energy to the heaters for the
DME plant is 11,974.83 KW. The energy used in heaters can be supplied by steam generated from the boiler which uses
natural gas as a source of fuel. Thus, natural gas can be utilized as a feedstock and a source of fuel to generate steam.
Tanzania has 4 Natural gas processing plants: Songo Songo gas facility which produces 100 MMscfd all of which is sold to
its customers. Maurel et Prom gas facility at Mnazi Bay whith a design capacity of 10 MMscfd but currently producing about
2MMscfd and Madimba natural gas processing plant which has a design capacity of 210 MMscfd but produces 180 MMscfd.
According to NGUMP (2016) and plans for 2016-2045, estimated amount of dimethyl ether production was 250,000 tons per
year which closely agrees with projections from the study. Unfortunately, according to the Citizen paper of 21 st March 2018,
“Tanzania’s Lack of Natural Gas Stalled Operations of Three Fertilizer Plants” namely, {Helm AG of Germany, Ferrostal
Industries Project GmbH of Germany and Capital DW Fertilizer Company of Egypt}. Since from that time to-date there has
not been any new explorations/discoveries or developments, it is obvious that the required natural gas is not immediately
available and the commitment cannot easily be achieved.
According to the calculations performed in Table 7, Mtwara was found to have the highest total weighted score and hence
selected as the best location for establishment of the DME plant.
Table 7: Site and Location selection of plant location.
Critical success
factors

Factor
weight

Factor score (out of 10)

Weighed scores

Dar es Salaam

Mtwara

Lindi

Dar es
Salaam

Mtwara

Lindi

Land costs

0.20

3.00

7.00

8.00

0.60

1.40

1.60

Transport costs

0.11

5.00

7.00

6.00

0.55

0.77

0.66

Utility

0.18

6.00

8.00

7.00

1.08

1.44

1.26

Labor costs

0.19

4.00

8.00

9.00

0.76

1.52

1.71

Market
availability

0.17

7.00

5.00

4.00

1.19

0.85

0.68

Environment

0.14

4.00

6.00

5.00

0.56

0.84

0.70

Total scores

1.00

4.74

6.82

6.61

Mtwara
region is
nearest
to
the
natural
gas

processing plant; the region was selected in order to avoid building of long pipelines for tapping natural gas to the plant which
appear to be the limiting factor. Also, the availability of vast land for establishment of facilities makes this region attractive
as well as its proximity to the ocean facilitating easy transportation.

7.0

CONCLUSIONS AND RECOMMENDATION

An investigation was conducted on possible production of DME from natural gas feedstock as a suitable substitute fuel for
LPG and diesel. The study was successfully performed and came up with the following conclusions and recommendations.
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7.1
(a)

(b)

(c)

(d)

(e)
(f)
7.2

Conclusions
DME is an attractive, potential and suitable alternative fuel for Tanzania which can in principle be produced from
methane-rich sources using any of the three different production pathways: namely, a one-step, two-step, and a liquidone-step process called bio-reforming. However, DME is typically and most suitably produced by a (indirect) twostep method using syngas as a feedstock;
DME can be produced from any methane-containing feedstock including renewable products like biomass (forest and
animal products and wastes), pulp and paper wastes, municipal wastes, fossil fuels (coal, pipeline natural gas), biogas,
landfill gas, and/or stranded natural gas. Indeed local (Madimba) natural gas facility adequately meets DME
production quality requirements. Unfortunately, the gas is insufficient to supply 24.87 MMscfd of natural gas needed
for the production of 250,000 tons DME per year after fulfilling its gas commitments and obligations to currently
existing gas users;
Well-to-wheel (WTW) emissions of the criteria air pollutants NOx, CO and PM10 from DME- derived from natural
gas are comparably and slightly lower than emissions from diesel engines (LDV or HDV) when compared on an
energy basis;
Aspen Plus v11.1 software is a versatile simulation tool for the designing DME plant and generate acceptable and
comparable results to previous national estimates made earlier on in NGUMP (2016) using different methods and
tools;
Power requirement for the DME plant is 11,974.83 kW;
The best location for siting of the DME plant in the country is Mtwara Region.
Recommendations

(a) Tanzania should invest more in alternative energy studies, specifically in DME studies to stimulate the economy, catalyze
industrialization and develop local database on DME energy systems;
(b) The preliminary design study based more on the establishment of appropriateness of required raw material with less
emphasis on economic evaluation and engineering/detailed design of equipment. It is therefore recommended to
undertake include economic evaluation and the design of equipment in a follow-up study;
(c) Mtwara Region was considered to be the choice location for the DME plant based on supporting factors including cheap
labor, easy access to natural gas and low land cost. Future developments of the plant may consider as another variant,
locating it methanol plant. In that case methanol produced from natural gas will be used as a main feedstock in the indirect
(2-step method), which may most likely enhance the growth basing on tapping on synergies of the two.
(d) It is also recommended to carry out more studies on possibilities to replace the two-step method that requires a single
reactor and two distillation columns by a reactive distillation column which can achieve about 99.99% DME purity in
the distillates thus avoiding additional separation steps and possibly saving costs;
(e) Basing on currently insufficient natural gas for the petrochemical industry, it is proposed that the country launches
strategic lobbying with strategic investors and developers in the gas industry to ensure revived and enhanced exploration
and development ventures for increased output of natural gas.
8.0
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Fig.A-1: Aspen Plus-simulated flowsheet for DME production.
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ABSTRACT
This paper discusses various challenges facing the development of oil and gas in the East African region, with
reference to oil in South Sudan, discoveries in Uganda and Kenya and natural gas resource in Tanzania and
recommends possible ways of addressing such challenges for the success of the industry. Challenges to be
discussed in this paper includes technical, financial and commercial. Emphasis will however be on technical
challenges.
The discovery of commercial oil reserves in Uganda in 2006, in Kenya March 2012, exploitation of oil in South
Sudan, natural gas in Tanzania (onshore and offshore) and methane gas in Lake Kivu Rwanda; following
exploration that began in the 1950s indicates existence of petroleum systems in the region.
Challenges associated with development of those resources, includes: remote location of the reserves (far away
from major suppliers of equipment and services); location in very deep water for natural gas in Tanzania
whose development and production will involve large number of variables requiring high skill and huge
resources; limited infrastructure (for processing and/or export of resources to the global market), political and
regulatory risk resulting in high cost of financing activities in the sector, and limited local markets. Other
challenges include little knowledge in managing the resources in a sustainable manner and lack of standards
of environmental protection and rehabilitation.
In conclusion, the technical, financial and commercial challenges facing East African region is due to the
infancy of the industry and a general lack of enabling environment for such development. Recommended that
national oil companies work together with international oil companies in a win-win arrangement to develop
the resources in a sustainable manner. National oil companies should define priorities in resource utilization
and its citizens should see physical benefit accruing from the resources.
Key words: Oil and gas discovery, challenges in oil development, National and International oil companies,
sustainable use of oil resources, environmental issues

1.0

INTRODUCTION

The discovery of natural gas in Tanzania can be dated some years back while the discovery of oil in Uganda was announced
in 2006. The more recent (2012) discovery of oil in Kenya has spurred new effort in search for the resource in the East
African region. The objective of this paper is to analyse the challenges faced by developing the discovered oil/gas resources
in these countries and recommend possible solutions to the challenges.
Below is the exploration history and status for each member country of the region.
2.0 HISTORY AND STATUS OF OIL AND GAS ACTIVITIES IN EAST AFRICA
2.1 Tanzania
Oil exploration in Tanzania dates back from 1950 when BP drilled the first well. More organised exploration began from
1970 with gas discovery in 1974 at Songo Songo. This was followed by a second gas discovery at Mnazi Bay, in Mtwara
in 1982, a third gas discovery at Mkuranga near Dar es Salaam in 2007, a fourth gas discovery at Songo Songo (Kiliwani)
on the Nyuni license in 2007 and Ntorya in Mtwara region. Further gas discoveries were made by Ophir/BG from
Australia/UK (now owned by Dutch Shell) in offshore Block 1, 3, 4 and by Statoil (now Equinor) in offshore Block 2.
The first two discoveries (Songo Songo and Mnazi Bay) have been developed and are producing while the rest are at
exploration/appraisal/ or development stages and exploration activities are ongoing. Apart from using the gas for power
generation and as industrial fuel medium and long-term plans envisage to use the gas as feedstock for petrochemical
industries, fertiliser production and as fuel source in cement manufacturing and excess gas for export mainly as Liquefied
Natural Gas (LNG).
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2.2 Kenya
Oil exploration in Kenya began in the early 1950s but it was not until in March 2012 when finally, it made breakthrough
in its first oil discovery in Western Turkana basin by Tullow Oil. Further work is going on in the South Lokichar basin
and neighbouring basins. The estimated Stock Tank Oil Initially In Place (STOIIP) is 4 billion barrels. In August 2019 a
total of 240,000 barrels of oil was shipped from Kenya to the international market from early oil pilot scheme resulting
from oil production testing. There is still a lot of work ahead to develop the oil resource that may include: resource
estimation, field development planning including topside facilities, oil/gas transportation logistics to market etc.
2.3 Uganda
In Uganda oil exploration started in the early 1920s in the Albertine Graben. However, it was not until 2006 when oil was
first discovered in the Albertine Graben by Tullow Oil and Heritage. Appraisal and field development planning was
successfully carried out and field production is soon to take off.
2.4 Rwanda
Although Rwanda has significant methane deposits in Lake Kivu which is being developed for commercial purpose for
power generation, there is no oil discovery yet. With the discovery of oil reserves in the Albertine Graben in Uganda,
there is a belief that oil may also exist in Rwanda as an extension of the Uganda discovery. With this background,
exploration activities are catching up in Rwanda.
2.5 Burundi
Exploration in the Rusizi plain has indicated sediments of over 3000 meters thick. The plain has been divided into 4 blocks
and active oil exploration was active with such exploration companies as Surestream Petroleum Limited and A – Z
Petroleum Products Limited until recently when it was suspended because of low oil prices.
2.6 South Sudan
South Sudan became a sovereign state recently following subdivision of the of Sudan. Oil has existed in Sudan for many
years and following the subdivision most oil is now in South Sudan with some of the oil field along the border. South
Sudan oil is currently transported, processed and shipped for sales through Port of Sudan (Sudan). Due to infrastructure
constraints oil production is still very low averaging around 180,000 barrel per day (bpd).
3.0 CHALLENGES FACING OIL AND GAS DEVELOPMENT IN EAST AFRICA
The main challenges fall under three categories namely: Technical, Financial and Economic. These challenges will be
discussed in detail in this chapter, however before going into details let us look briefly the oil/gas life cycle from oil/gas
exploration, discovery to field abandonment.
A typical oil/gas life cycle below shows activities from oil exploration to abandonment when the oil/gas field is unable to
produce economically.

Fig. 1: Oil/gas life cycle (from exploration/discovery to abandonment)
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Below is an outline of a field development plan workflow followed in developing oil/gas field
Field Development Plan Workflow:
i.
Development and Depletion Strategies
ii.
Environmental Considerations
iii.
Data Acquisition and Analyses
iv.
Geological and Numerical Model Studies
v.
Reserves and Production Forecast
vi.
Facilities Requirements
vii.
Economic Optimization
viii.
Management Approval (Final Investment Decision - FID)

3.1 What are the technical challenges?
Generally, these challenges may be considered under onshore and offshore environment.
Onshore operations:
 Reservoir performance
 Topside facilities performance
 Processing and transportation facilities etc.
Offshore operations:
 Subsea well completion
 Reservoir performance
 Production, handling, processing and transportation
 Subsea Well inspection and maintenance
Basically, all challenges faced by onshore operations are also faced by offshore operations but the latter faces more delicate
challenges due to the environment where oil or gas is developed and produced. So, emphasis again here will be focused
on offshore operations. The offshore operation challenges begin with drilling facilities. The drilling rigs range from barge,
semi-submersible to drill ship etc. These structures are so costly rendering the whole operation very expensive (for instance
the daily rig rate while drilling Tanzania deep offshore wells ranged from US$ 500,000 to 800,000).
Field development planning is used to determine how the field will be produced, facilities required, layout, costs and
timing. There is a large number of variables involved that require highly skilled, culturally diverse multidisciplinary teams
to perfect this.
It is understood that the main technical challenges of developing natural resources in East Africa lies in the location of the
resource vs the market where it should be sold.
The following is a review of each country’s individual technical challenges:
3.1.1 Tanzania
Natural gas in Tanzania was first discovered on a small island of Songo Songo about 300 km South of Dar es Salaam. The
major huddle for developing this gas reserve was lack of infrastructure due to its remote location. It took approximately
30 years since its discovery to put the gas into use following construction of production and processing facilities at the
island and pipeline to transport the gas to the market in Dar es Salaam. The remote location was also a factor in developing
Tanzania’s second natural gas discovery at Mnazi Bay in Mtwara South of Tanzania. The gas was put into use in 2006,
about 24 years from discovery following construction of processing and transportation facilities for the gas. Most of the
natural gas in Tanzania is located in deep sea (about 85% of gas the discovery) and requires complex development
planning, production and transportation to the market as will be described later.
3.1.2 Uganda
In Uganda, oil was discovered in 2006 in a remote location of the Albertine Graben. Today plans are still underway to
start commercial production. Like in the case of Tanzania the major huddle is the lack of necessary infrastructure for
producing, and transporting oil to the market in Uganda and to the external market. Uganda and the oil developers have
agreed to construct an oil transportation pipeline from Hoima in Uganda to Tanga port in Tanzania that will be about 1,445
km long. Because of the nature of the Uganda crude oil – “waxy crude” the whole length of the pipeline will have to be
heated to a temperature of about 50oC and pipeline insulated with Polyurathane foam (PUF) for heat retention for the crude
oil to flow easily. This makes the project a bit complex and maintenance more expensive. All pipeline construction
preparations are nearly complete and only few issues remain before construction starts up.
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3.1.3 Kenya
In Kenya oil was discovered in 2012 in the Western Turkana basin. The first shipment of 240,000 barrels of test oil was
shipped out of the country to the international market in August 2019. . More exploration, appraisal and development
planning will still be necessary. The oil discovery is closer to the Uganda border and since most of the oil produced will
be for the export, a long pipeline to the Eastern port of Lamu or other ports will be necessary. Plans for such oil pipeline
from the remote areas of Kenya to the port have started.
3.1.4 South Sudan
Oil exploration in Sudan began in 1959 but it was not until 1979 when Chevron discovered its first oil. Production has
been ongoing for some years now with different international oil companies involved. South Sudan as a sovereign state
was formed in 2011 from Sudan state. Most of the oil is in South Sudan but with some producing field along the border
of the two countries.
South Sudan is a land-locked country with no access to port. Being a young state, it does not even have own oil refinery.
Oil for export has to go through Sudan and even the refinery is located in Sudan. The pipeline and refinery are all owned
and controlled by Sudan. South Sudan is planning to build its own oil export pipeline and possibly a refinery for the crude
to supply local and regional (EAC) states.
a) Offshore Drilling and Production challenges
In oil/gas activities, deep-sea operations are the most difficult and challenging and deserve special attention as will be
briefly shown below. Note that Tanzania’s most natural gas is located in deep water.
The location and environment of operations determine facilities to be used and hence the complexity and high costs
involved. Here below are some the drilling facilities used in offshore operation.

b)

Offshore drilling facilities

Fig. 2: Semi Submersible drilling rig

Fig. 3: Drill Ship
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Fig. 4: Drill ship: Deep Sea Metro – drilled BG (now Shell) offshore wells offshore Mtwara
c)

Offshore oil/gas production facilities

A subsea production system consists of a subsea completed well, subsea Christmas trees and wellhead systems, subsea
tie-in to flow line system, jumpers, umbilical and riser systems as well as subsea equipment to operate the well.
The single or clustered well can be connected through the flow line to a fixed platform, FPSO (Floating Production,
Storage and Offloading) or onshore facilities.
Alternatively, an existing subsea production system can be connected to a newly operated production well by means of a
subsea tie-back (popular in the development of new oil and gas reserves).
Due to the high pressures, potentially large temperature gradients and the harsh environment in deep-water, the subsea
systems and equipment are subjected to complex and critical load cases.
Therefore, in all offshore pipeline systems the transportation of fluids including the flow of oil, gas, water and mixtures
should be analyzed to optimize performance and minimize the operational risks.
The overall process requires very high skilled professionals and the installation and operation of offshore oil and gas
production is quite expensive. For instance, in Tanzania it is estimated that the development and production of offshore
natural gas to an onshore location will cost in the order of US$ 30 billion. To be able to undertake such project one needs
very firm natural gas market (LNG market), good and attractive price for the gas and good working environment. These
will be briefly discussed below in the next section.
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Fig. 5: Subsea production operations

3.2
What are the financial challenges?
The main financial challenges in developing oil and gas in EA region is the perceived political and regulatory risk that
will normally result into high costs of financing the development and at times even lack of it.
 In Tanzania among the reasons for taking too long to develop the natural gas was lack of financing as the “wouldbe” investors were not forthcoming due to political and economic factors with the suspicion that there will be lack of
market for natural gas. When the market for natural gas appeared to be available other factors common in the oil
industry dynamics took charge. For instance, in the past several months the price of crude oil as well as natural gas
has fallen greatly due to the COVID-19 epidemic among others, which is still claiming its toll.


In Uganda similar problems are affecting the development of its crude oil discovery. Huge investment is required to
ship its waxy crude from the country to the international market. The planning for crude oil shipment through a 1,445
km heated pipeline from Hoima in Uganda to Chongoleani at Tanga port in Tanzania is complete and implementation
is awaiting final investment decision (FID). It is expected that construction of the pipeline will commence early next
year (2021).



In Kenya although in August 2019 a total of 240,000 barrels of oil was shipped from West Turkana basin to the
international market - from early oil pilot scheme resulting from oil production testing, there is still a long way to go
before commercial production can commence. Further work required include drilling of more appraisal wells to
determine the extent of the oil reserves, behaviour of the reservoir, best possible drive mechanism etc. All these call
for heavy investment that Kenya has to find before production can start.

These challenges can be related to relative immaturity of the industry in the region compared to regions such as Europe,
USA and the like where regulatory requirements can be easily downloaded from a website that helps to make investment
in these regions relatively cheap, easy and predictable.
3.3.

What are the commercial challenges?

In Tanzania the natural gas that has been discovered and developed is being used locally and the local market is not yet
satisfied. It is however anticipated that the recent gas discoveries in deep sea will likely to attract a major export scheme
that will require the necessary infrastructure to be in place.
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In Uganda the local market for oil to be produced will be very limited hence the driving force will be the export market.
The Ugandan annual oil consumption is around 7.3 million barrels (2019) compared to the possible initial production of
around 60,000 barrels per day or 22 million barrels per year. These figures clearly indicate that most of the produced oil
even at that modest rate will be for the export market.
There is expected to be a similar trend when finally, Kenya oil is also commercialised.
Other challenges include how to manage oil and gas resources in a sustainable manner to promote high standard of
environmental protection; to promote good governance, accountability and transparency in oil and gas revenue
management, and to promote revenue distribution that reaches the local and poor people in the country and more so in
areas where the resource is found.
4.0

PROPOSED OPTIONS TO ADDRESS THE CHALLENGES

One way to address the above challenges is for the national oil companies/departments in the respective countries to form
partnership with foreign investors with the necessary skills and finance in order to reduce the risks associated with the
development: that is technical, financial and commercial risks. It is recommended to form partnerships in a win-win
arrangement between the two parties. The main aim for the national oil company should be to:
i.
Promote knowledge of verified and potential oil and gas resources (such as geological data and resource estimation),
for example, establish oil and gas information database,
ii. Manage oil and gas resources sustainably and promote high standards of environmental protection, including
rehabilitation.
iii. Secure optimal rents (royalties, taxes, shares, and other revenues) based on sound, fair negotiations and “best
practices” for contracts,
iv. Promote good governance, accountability, and transparency in oil and gas revenue management to reduce/remove
corruption,
v.
Promote revenue distribution that reaches the local and poor people in the oil fields,
vi. Engage in social policies that promote harmony and well-being in the communities affected by oil and gas production,
vii. Promote economic diversification to reduce dependence on oil and gas revenues (investment in the future),
viii. Promote appropriate policies, like fiscal regimes, which prevent market distortions,
ix. Strengthen human, technical, and institutional capacity to generate the necessary experience to run these operations
in future and reduce dependence,
x. Design adequate investment policies to attract investors, but also to protect the resources and the interests of the
country in the long term.

5.0

CONCLUSION AND RECOMMENDATIONS

The development of oil and gas in the East African region has been facing technical, financial and commercial challenges
because it is a new industry and there is a general lack of the necessary enabling environment for its development. It is
important for the national oil companies of respective countries to work together with international oil companies in a
win-win arrangement to develop the resources.
The national oil companies should define their priorities in terms of resource utilization. The citizens should see physical
benefit accruing from the resource being developed at all levels.
Training of nationals in technical fields, financial, commercial accountability and responsibility, resource management
and governing laws should be a priority to have the necessary skills in the country.
Oil and natural gas are non-renewable forms of energy hence their sensible use is important. Efforts for alternative forms
of energy which are less polluting to the environment should be encouraged in the wake of serious environmental
destruction leading to climatic change. Let us work together for the betterment of our planet, for the current and future
generation.
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6.0
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HYDRO POWER SUSTAINABILITY IN VIEW OF GLOBAL CLIMATE CHANGES
The Opportunities and Challenges
Eng. Lewanga Tesha
Mob: +255 784 394 099, Email: lewanga2@gmail.com
ABSTRACT
Hydropower availability in a country or region is sometimes vulnerable to weather variations, or affected
by water management aspects and at other times also impacted by climatic changes. The sustainability can
however be improved by addressing water management issues, but it is more challenging to address the
influences due climate changes. For many decades for example, Tanzania has depended on hydropower
generation as main source of electricity supply to the national grid. This dependency was not accidental
but was outcome of concerted efforts by the Government of Tanzania (GOT) on starting gradually with
harnessing the hydropower potential from different rivers (basins) and building a national power system
mostly dependent on hydropower generation. However, hydropower sustainability is very much dependent
on availability of water. As long as water is available you can expect high availability of hydropower
which is an opportunity. On the other hand, when water is scarce the hydropower availability drops
significantly into very low levels and that is a challenge. Globally and Tanzania in particular has
experienced both scenarios, whereby hydropower power availability was very high during wet years but
production dropped significantly during a series of dry years resulting challenges to meet national power
demand. Now what can be done to address the challenges and particularly during the dry years? This paper
discusses the challenges thereof and in particular reference to Rufiji Basin in Tanzania as a base case. The
author wants to share with other stake holders on the findings, conclusions and comes up with some
recommendations to minimize the impacts of climate change on the hydropower sustainability.
Keywords: Basin, climate change, basin, hydropower sustainability, water inflow

1. 0

INTRODUCTION

Sustainability of hydropower globally in the recent decades has been very much influenced by variation in rainfall patterns
and particularly in the sub- Saharan region of Africa. Water availability as the main source of hydropower is mostly varied
due to many factors such as the rainfall patterns or water use management but also due to climate changes. Dry and wet
seasons for example have led to periods of floods and periods of water scarcity, respectively. Hydropower availability
becomes high during wet seasons and drops to low level during dry seasons. Effects of the mentioned variations will be
explored generally on the global scale and illustrated particularly on the Tanzania hydropower system as a base case. As
of today, hydropower in Tanzania has been harnessed from two main water basins namely Pangani and Rufiji water Basins.
Studies or projects are however at different stages of development in the other basins.
Pangani basin consists of Hale (21 MW) and Nyumba ya Mungu (8MW) plants constructed in 1960s and then New Pangani
Falls (60 MW) commissioned in 1990s. The Rufiji Basin consists of Kidatu Power Plant (200MW) constructed in the19
70s, followed by Mtera Power Plant (80 MW) of1980s and Kihansi Power Plan (180MW) commissioned in 2000. Of late
comes the huge Julius Nyerere Hydropower Project (Stigler’s Gorge) of 2,115 Capacity, which is currently under
construction also in Rufji basin. Hydropower from those hydro plants is transported to the major cities/towns or via the
national power grid that is also interconnected with power generated from power other powers sources like natural gas or
diesel forming the national power system. Map 1 shows Tanzania Power System- Existing and Planned.
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MAP 1: Tanzania Power System
2. 0

CLIMATE CHANGE CONCEPT

2.1
Perceptions on Climate Change
Scientists consider the main cause of climate change and rising sea level as the continued increase in CO 2 emissions
resulting to global warming. Decades of climate change bring risks that people will accept higher temperatures, with more
heat waves, downpours and droughts, as normal while governments work on complicated plans to cut emissions of
greenhouse gases. Many see global warming as just ‘normal’ climate.” Because the last three decades have seen such a
significant rise in global and regional temperatures, most people under the age of 30 have not lived in a world without
global warming”. According to Michel Jarraud, secretary general of the UN’s World Meteorological Organization (WMO)
as told to Reuters. “On human timescales, the changes in our climate can seem gradual, so we will increasingly need to
remind the public about just how rapid and unprecedented the changes truly are.
February 1985 was the last month when global temperatures were below the 20 th century average, according to the U. S.
National Oceanic and Atmospheric Administration (NOA A), a leading source of global temperature data. Global averages
go largely unnoticed because individuals experience weather and climate locally (Fig 1. Cycle of Climate Change and
Effects).

Figure 1: Cycle of climate change and effects
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2.2
Climate Change
The change of rainfall pattern and amount of rainfall is an issue that demands global approach. There is no individual or
single country or region even a continent that can address the issue of climate change alone. However efforts of individuals,
nations, regions and even continents all collectively account for the climate change and thus the term global climate
change. To address climate changes in the same manner it requires efforts of individual, nations, regions, continents or in
short global approach.
For example, the African leaders agreed on mechanism to fight climate change (Sunday News 31/08/14). 12 African
countries met as Committee of African Heads of States on Climate Change (CAHOSCC) to strategize approach before
meeting with the UN Secretary General to seek more contribution from the developed north in areas of finance and
technology to mitigate climate change in the developing South. Accordingly, the African states suffer more from the
effects of climate change while it contributes less on the global environmental degradation.as compared to the more
developed industrial north.
3. 0

WET AND DRY YEARS

As far as rainfall pattern is concerned one can distinguish wet, normal and dry years. During dry years water is abundant
and availability of hydropower reaches pick values. On the other hand, water is scarce during dry years and the availability
drops to very low values during dry years.
3.1

Definitions of Dry and Wet Years

Drought (Dry years)
A dry year may be defined as” lack of precipitation over an extended period of time, resulting in water shortage for some
activity. Types of draught can further be distinguished as:
 Meteorological drought: Less precipitation than normal
 Agricultural drought: Lack of soil moisture to meet crop needs
 Hydrological drought: Lack of surface/subsurface water supplies
 Socioeconomic drought: Lack of water affects people
Source -Group or Environmental Sector (USA)
Also, dry year may be defined as “Parker Stream flow is 75% below average”
Wet Year
Parker Stream flow is 125% above average Source -USDA Natural Resources Conservation Service
3.2
Causes of Dry and Wet Years
Indian summer monsoon rainfall (ISMR) contributes about 70-90% of annual rainfall over Indian Ocean. The frequent
droughts and floods experienced in the western region of the Indian Ocean are the manifestation of year to year variability
of ISMR. The magnitudes of these variability’s are different at different locations over the subcontinent and beyond. It
has been established that the year to year variability of ISMR has a good tele-connection with El Nino Southern Oscillation
(ENSO), Indian Ocean Dipole (IOD), North Atlantic Oscillation, etc. These tele-connective relations, account for the
drought and floods conditions in regions close to the Indian Ocean including eastern Africa.
4. 0

EFFECTS OF CLIMATE CHANGE ON HYDROPOWER SUSTAINABILITY

4.1
Global Outlook
Currently hydropower produces almost 20% of the world’s total power needs and is the world’s most important source of
renewable electrical energy. Hydropower constitutes over 50% of the electricity supply in at least 63 countries in the
world. It is therefore of interest to look into the future of hydropower as it relates to hydropower production on a global
scale. The future global climate is uncertain and thus imposes some risk on future hydropower production sector. The key
resource to hydropower production is runoff and depends on precipitation. The crucial question and challenge is what will
be the impact of climate change on global hydropower generation in the future and what are the future regional variations
in generation. Estimated hydropower potential globally is shown in Map 2.
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MAP 2. Global Hydropower Potential
Several studies (ref 4, 5 and 11) have been going on at various places around the world to estimate the effects of climate
changes on global hydropower production. One study (Ref 4.) carried out in Norway during 2010 and covering years
2005 to 2050 came out with interesting results as summarized below.
“The results indicate that there are large variations of changes (increases/decreases) in energy productions across regions
and even within countries. Globally hydropower production is predicted to change very little by the year 2050 for the
hydropower system in operation today. This change amounts to less than 1% increase. There are many regions where
runoff and hydropower production will increase due to increasing precipitation, but also many regions where there will be
a decrease. In sum, the changes are very small, and probably within the error limits of the models and analysis methods.
It is probably possible to conclude that even if individual countries and regions may experience significant effects, the
climate change will not lead to significant changes in the global hydropower production, at least for the existing
hydropower” system. According to the studies different continents or regions will also experience varying effects
depending on the hydropower potential in the respective region and magnitude of climatic changes as summarized below.
Hydropower has been projected to increase in some regions and decrease in other regions. The Northern and Central
America regions are expected to experience reduced hydropower production potential while most of Europe is projected
to have increased production potential with some areas having reductions. Much of Southern and West Africa will have a
reduction while East Africa is projected to have increased production potential. In Australia reductions are generally
projected while New Zealand is projected to have increased production potential. South America is projected to experience
reduced hydropower production. Regardless of whether an increase or decrease is encountered, there is bound to be an
impact on system operation which may require adaptation measures if the existing hydropower systems are to cope. In
addition, the planning of new hydropower systems is likely to meet new pressures and uncertainty. Generally impacts
range from changes in production, change in power plant operations, risks associated with floods, and larger uncertainty
in the future hydrology. In some cases there are opportunities that could be exploited, e.g. incremental hydropower, and
flood attenuation.
4.2
Rufiji Water Basin in Tanzania
The Rufiji Water basin in which is the main source of hydropower in Tanzania will be used as a base case to illustrate the
effects of climate change and other possible causes to water variations.
As pointed under section 4.1above the long-term effects of climate changes on the eastern African region are expected to
be rather positive but the local effects of climate changes in hydropower sustainability on specific area like Rufiji Water
basin in Tanzania as calls for further studies as a base case for this paper. Based on the findings, then necessary mitigation
measure within reach that need to be taken to minimize any negative effects foreseen to ensure high sustainability of
hydropower in Tanzania, can be recommended accordingly.
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4.3
Description of Rufiji River Basin
The Rufiji River Basin lies between 5.70 and 10.50 S and 33.50 and 390 L and spreads approximately 177,000km2 an area
equals to 20% of the country. The basin comprises the area drained by Rufiji River and its tributaries before discharging
to the Indian Ocean. More specifically the basin is made up of 3 sub-basins. The Great Ruaha sub-basin, the largest
occupies 47% of the area, but only contributes only 15-20% of the water. The Kilombero sub basin occupies only 20% of
the area and contributes 62% of the runoff. The Lwengu sub basin occupies 18.5 % and contributes 18% of the runoff.
The basin has varying topography from sea level to 3000 meters above sea level (a. m. s. l) in the west. The climate varies
also from tropical humid along the cost to temperate in the southern highlands (Iringa and Mbeya). Rain fall increases
from 250mm in some areas of Iringa to over 1830 mm in eastern faces of Udzungwa Mountains.
Estimated potential evaporation is up to 2020 mm per annum. The water deficit during dry season may be around 1000
mm per annum. River discharges measured at Stigler’s Gorge varies from 70m 3/sec to 11000m3/s with an average of 900
m3/s over a period 1956-1978. Floods in the lower basin occurs regularly. Suspended sediments averages 17milliom tons
per annum as measured at Stigler’s gorge (Article by Raphael BB Mallosi on JSTOR Journal, of Sweden). See Map 3.
Rufiji Basin and Catchments).

MAP 3. Rufiji Basin including Catchments
4.4 Trend of Water Fluctuations in the Rufiji Basin During the last 20 years
The trend of water fluctuation in the last twenty years can be evaluated by analyzing the water inflow data to Mtera Dam
during the period. Mtera dam collects most of the water that is used for hydropower generation in Rufiji Basin and accounts
for more than 50% of the available hydropower in the Tanzania. See Table 1 and Figure 2.
Table 1: Average Water Inflows to Mtera Dam (M 3/S) During the Years 1989-2012
S/N
1
2
3
6
5
6
AVERAGE

YEARS 1989-1994
(Series 1)
145.1
177.25
68.84
54.55
87.41
56.41
98.26

1995-2000
(Series 2)
53.4
85.04
74.21
333.71
71.32
25.4
107.18

2001-2006
(Series 3
139.94
129.0
44.79
40.66
41.18
43.60
73.20

2007-2012
(Series 4)
165.87
92.82
57.28
70.64
29.33
35.87
75.30
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Figure 2: Water Inflows to Mtera Dam During Years 1989-2012 (Series 3 and 4 (Ref to table 1) show declining trend
during the last decade (10yrs)
The general observation shows declining trend of inflow to Mtera Dam during the previous decade. Mtera dam levels
during the same period in shown in Figure 3 and also indicate declining trend.

Figure 3: Variation of Mtera Dam Levels During the Last Decade
Separate other studies have been carried out monitor water inflow to Mtera dam during 2007 to 2015 as shown in Table
2 and Figure 4.
Table 2: Annual average water inflows to Mtera dam during years 2007-2015
Inflow (m3/s)
167.34
93.41
57.60
70.99
29.13
36.04
year
2007
2008
2009
2010
2011
2012
Inflow
m3/s
Years

167.34
1

93.41
2

57.6
3

70.99
4

29.13
5

36.04
6

33.91
2013

33.91
7

81.66
2014

81.66
8

28.13
2015

28.13
9
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Figure 4: Water inflows (m3/s) to Mtera dam during the years 2007-2015

5.0

OBSREVATIONS

Figure 4 shows yearly variation of water levels at Mtera dam for the years 2004-2012. Very low dam levels were recorded
in 2004-2006, while full dam levels were recorded in 2007 and 2008. Medium dam water levels were also recorded in
2009 and 2010. Those differences correspond to varying inflows to the dam depending on rainfall patterns. Observation
of trend of data in table one and corresponding chart n1 indicate decreasing water inflow to Mtera Dam in the series 3 and
4 or years (2000-2012), Similarly the trend of data in Table 2 and corresponding chart 2 indicate a decreasing trend of
water inflow to Mtera Dam during the years from 2007 to 2015 and that depicts behavior of the Great Ruaha River. But
this declining trend for only one sub basin of Rufiji basin namely the Great Ruaha River. It is therefore not necessary that
the same trend is reflected in the other two sub basins of Kilombero and Lwengu which together the three constitutes the
Rufiji Basin. That calls for additional studies to monitor water inflow trend in the other two sub basins to be to estimate
the total effects on the whole basin.
6.0

CONCLUSIONS

According to the recorded studies so far, different continents or regions will experience varying effects depending on the
hydropower potential in the respective region and magnitude of climatic changes in the respective region/continent.
Hydropower has been projected to increase in some regions and decrease in other regions. As far as African continent is
concerned the projection is that much of Southern and West Africa will have a reduction while East Africa is projected to
have increased hydropower production potential during the period of study 2005-2050. (Ref.4 and 5)
However, based on the findings from multiple studies, water inflow to Rufiji Basin and in particular via the Great Ruaha
River has also shown to be variable but the decreasing trend as observed in the last two decades appear to dominate
(estimated at 17% decrease). As a consequence, the sustainability of hydropower generation is negatively affected. Since
the related studies by both local and external experts in Rufiji Basin have been carried out for over a decade now, such
observations were already recorded in some earlier publications and some mitigation measures by relevant authorities are
already in place and some are ongoing.
One can conclude that climate changes have real impact on the water flow pattern in Rufiji Basin. The variations are also
not predictable. Sometime high inflows are recorded but next time low inflows are recorded. The consequence is
unsustainable hydropower generation. Due to resultant hydropower variability, the relevant authorities in Tanzania have
diversified generation supply to gas based as alternative investment to meet demand under drought conditions. However,
the variations of the inflows to the Rufiji basin are not entirely due to effects of climate change. The studies have identified
possible other causes. (Ref 1 and 7).The main other causes were identified as follows:
(a) Increased human activities within the Rufiji catchments area particularly agriculture and cattle herding. The
human activities in the catchment sometimes results to environmental destruction through land degradation
(b) Increased water abstraction both for irrigation purposes and human needs.
(c) Evaporation of water the storage dams (Mtera and Kidatu in the basin particularly during dry season or series of
dry years,
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7. 0

RECOMMENDATIONS

Many stakeholders have important stakes in the Rufiji Basin including TANESCO for hydropower generation, TANAPA
for sustenance of Ruaha National Park, Ministries of Agriculture and water for irrigation needs and domestic water,
respectively NEMC etc. just to mention but few. They are all required to work jointly under central government
coordination to address the effects of climate change and others causes affecting water inflow in the Rufiji basin and other
basins country-wide. bearing in mind that Rufiji basin has just been picked as base case. Among others one would
recommend the following.
 To limit major water abstractions upstream Mtera dam and Rufiji basin catchments in general, in order to improve
the sustainability of hydro power generation in existing hydro plants Kidatu & Mtera) in the basin and the future
plants including the Huge Julius Nyerere Hydropower Project now under construction. The Great Ruaha River,
Kilombero River and Lwengu rivers are tributaries inflows to the Nyerere Hydropower Dams at estimated (20%)
and 60% and 20% respectively. All three lie in Rufiji Basin.
 To make practical use of the lessons learned and challenge arising from the water use management in Rufiji Basin
to other basins in Tanzania and elsewhere.
 Since climate change and other causes can affect sustainability of hydropower generation, the relevant authorities
need to take appropriate measures to meet the frequent deficit of hydro generation by continued expansion other
alternative power generation sources like natural gas, coal, and other renewables. For example, the steady increase
of natural gas plants since the first commissioning of natural gas to electricity Tanzania (2003) is commendable.
The effect of power deficit from hydrogenation has been reduced to minimum or off set due to alternative thermal
power generation now over 800 MW capacity. The power system in Tanzania was 96% dependent on hydropower
in 2003 but has reduced the same to 34% by year 2015 in order improve power reliability.
 Since Climate changes are results of environmental degradation, all relevant stake holders both locally and
globally are expected to work jointly to minimize /eliminate environmental effects. (Minimize CO 2 emissions to
the atmosphere etc.). As discussed above Climate changes globally affects hydropower sustainability though in
variable extent to different regions.
8.0
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ABSTRACT
Human factor constitutes largely to the road accidents in Tanzania and worldwide. With the growing
economy and an increase in motorization, Tanzania has experienced an increase in road accidents. Despite
the improved condition of the infrastructures, the level of accidents doesn’t seem to go down in line with
such improvements. Enforcement of law and regulations with regards to road safety is currently being
undertaken by the government of Tanzania through its Police Force, Road Traffic Division. The available
punitive measures work properly with cars and larger vehicles as they are easy to apprehend along the
way. For the case of motorcycles and non-motorized traffic (by encroachment of roadside vendors. The
author believes that the problem can be minimized through bicyclists and pedestrians), which constitute to
large proportion of road users, enforcement seems challenging. Size of this road user category is enormous
compared to the capacity of Law Enforcement Officers. More concentration on motor vehicles has led to
blind-like treatment of the most vulnerable group i.e. bicyclists, motorcyclists and pedestrians. The study
which concentrated on proper infrastructure usage and licensing, revealed less than 60% and 70%
interviewees were licensed to ride motorcycles in Dar es Salaam and Tabora Regions, respectively. About
31% of the motorcycle riders for both Dar es Salaam and Tabora Regions have never been licensed at all.
About 14% of the motorcycles riders in Dar es Salaam were unlicensed to ride motorcycles; but they had
other motor vehicle licenses. The functionalities of footpaths and bicyclist paths were found to be impaired
long-term sensitization with respect to changing behaviour of all road user categories in line with enforcing
punitive measures. This shall go together with proper design and infrastructure construction supervision
paying more attention on road traffic safety.
Keywords: Accident, Behaviour, Enforcement, Infrastructure, Sensitization
1.0

INTRODUCTION

1.1
Meaning of Accident
Contrary to the actual meaning of the word accident; the society misunderstands by arguing that it is the term representing
events which occur at random; and, which are therefore unpreventable. Accident is simply defined as crash or
unintentionally injury event (Langley, 1988). The proper word for accident with regards to road traffic is road crash in a
sense that it connotes randomness. The element of randomness in accident occurrence is large but not always dominant.
Such randomness implies that accidents can be prevented (Elvik, et al., 2009).
1.2
Human Behaviour
The description of road safety problems cannot be described exhaustively in numerical terms only. This is exemplified by
the feeling of insecurity that some road users experience (Elvik, et al., 2009).
According to a scientifically proven study, it takes an average of 66 days for a new behaviour to be adopted and become
automatic. In terms of a range of number of days, it takes anywhere between 18 to 254 days for a new behaviour to be
adopted and become habitual (Lally, et al., 2010). Again, this is the research conducted in Europe. Perhaps for us, the
Africans, longer duration might be required for our behaviour and attitudes to change and become automatic with regards
to adherence to the road safety; therefore, creating a safe atmosphere for all road users.
Evidently, apart from the need of frequently educating the road users in terms of sensitization, even the law enforcement
needs to be done as repeatedly as possible for the society to get used the proper road usage; therefore, resulting into
practicing road safety in an automatic manner.
1.2.1
Proper Usage of Safety Belts
Strapping a seat belt has long been a nuisance to most of the drivers and passengers. It is not uncommon to see the driver
struggling to buckle up just after seeing the law enforcement office (traffic police) ahead of him. The same applies to most
of the passengers in public transport such as the buses. Most of passengers would choose not to buckle up unless being
told that there would be a police inspection along the way.

Integrating Adaptation to Climate Change through Sustainable Engineering-Challenges and Opportunities |35

12th International Conference, December 3-5, 2020, Ngurdoto Mountain Lodge, Arusha, Tanzania
1.2.2
Traffic Controls
It is quite common for most of us to complain about the traffic lights as well as road signs being a hindrance to our driving.
Instead of considering them as being important for our own safety, we tend to consider them as deterrence to our driving.
1.3

Contributing Factors with Respect to Age Groups

The following factors have been reported to contribute road traffic accident with respect to age groups (Rolison, et al.,
2018):
 Young drivers were associated with drugs or alcohol, inexperience, distractions and excessive speeds which are
commonly related to risk taking.
 Drugs and alcohol impairment were generated causes of collisions among the young and middle age despite the
fact that likelihood was not reported to get lower as the age increases from young to middle group.
 The old drivers were associated with slower driver reactions as the typical cause of collisions.
1.4

Measures in Relation to Road Designs

1.4.1
Measures
These are the means designed to tackle road accidents with an intention of preventing accidents occurrence. Some
measures do have problems environmentally as well as in traffic mobility. For instance, the traffic bumps interfere with
smooth flow of traffic as well as increasing carbon emissions due to frequent braking of vehicular traffic. Not to mention
the damages to the motorized and non-motorized vehicles.
1.4.2
Our Road Designs
Apparently, road safety doesn’t seem to be given due weight in relation to other parameters during road design and finally
construction. Very little is known with regards to safety consequences of our road design decisions and about repercussions
of our traffic control actions (Hauer, 1991). As a common practice in Tanzania, for instance, the road might be designed
by a certain consultant whose work ends once the delivery of an acceptable design to the Employer is done. The same
road, will finally be supervised by the same or different consultant, and in most cases the supervision team is different
from the one which did the design.
Finally, the road furniture which are normally installed near the end of the project are usually done long after the highway
engineer has been demobilized from Site. A huge gap between the highway engineer who did the design and the one who
supervised construction and his absence during the installation of the furniture as part of traffic control devices to the
completed facility contributes mostly to non-functionalities of the installations earmarked for road traffic safety.
Such a collection of factors results into a completed infrastructure with an incomplete provision to the safety measures.
One might ask a simple question: How could a pedestrian comfortably cross the road at the designated location whose
ends are at the deep ditch without a crossing slab?
1.5

Costs Associated with the Measures

Each measure has some cost implications. The benefits of incurring cost for a particular measure outweighs the initial
investments in the long run. In-depth analysis of the costs including cost–benefit analysis is beyond the scope of this paper.
1.6

Relationship Between Engineers/Scientists and Policy Makers

With the general assumption that the policy makers are not necessarily engineers, it is common that the engineering input
with regards to road safety is used by the politicians in policy making. The objectives of policy are to represent human
value systems and seek to articulate such values in an attractive way. Thus, formulating the ideals and objectives upon
which the policy should strive to realize lies within the realm of politics rather than science (Elvik, et al., 2009).
1.7

The Concept of Road Accident

In his work from 2002, Nilsson says “The number of people killed or injured in road accidents depends basically on the
three factors: exposure, accident rate and injury severity” (as cited in Elvik, et al, 2009 p. 35). Exposure means the amount
of activity in which accidents may occur. Accident rate denotes the risk of accident per unit of exposure. It is an indicator
of accident occurrence probability. Injury severity represents the outcome of accidents in terms of injuries to people or
damage to property.
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1.8

Factors Contributing to Accident Severity

1.8.1
Moving Speed
Driving slower or faster than the mean speed of traffic increases the rate of accident involvement (Kloeden, et al., 2001).
Thus, changes in traffic speed has significant effects on the number and severity of road traffic accident.
1.8.2
Impact Speed
Serious injuries which are simply defined the injuries which require hospitalization; their probability of occurrence varies
by the changes in speed for drivers with and without seat belts (Evans, 1996).

Figure 1: Relationship Between Impact Speed and Probability of Serious Driver Injury Source (Evans, 1996).
As seen in Figure 1, up to an impact speed of around 70km/h, the chances of serious injury being avoided are high. It is
impossible for the driver to avoid serious injury when the impact speed is over 100km/h regardless the fact that seat belts
are worn or not. There is a similar relationship between the probability of serious injury and impact speed for pedestrians
and cyclists. The only difference when comparing pedestrians and car drivers is that the effect occurs at relatively lower
speed. In his work from 1996, Pasanen says “For pedestrians, there is a considerable increase in the chances of being killed
when impact speed is more than 30 km/h” (as cited in Elvik, et al, 2009 p. 68).
1.8.3
Road Condition
Both poorly maintained and wet condition are among the major causes of road traffic accidents. According to studies,
accident occurrence rate seems higher on wet as compared to dry roads (Ivey, et al., 1981). Elvik, et al (2009, citing
Cleveland, 1987; Wallman and Aström, 2001; Noyce, et al, 2005) says that “Surveys show that drivers of motor vehicles
do not sufficiently adapt their speed to compensate for the difference in friction between dry and wet roads”.
1.8.4
Usage of Personal Protective Equipment
Proper usage of personal protective equipment is of paramount importance with regards to the probability of being injured
when involved in road traffic accident. According to (Elvik, et al., 2009)

A pedestrian who uses a reflector reduces the probability of being hit in the dark by 70 – 90%.

A motorcycle rider reduces the probability of being injured by around 25% by wearing a helmet.

A car occupant wearing seat belt has a 20 – 30% lower probability of being injured than a car occupant not wearing
a seat belt, and a 40 – 50% lower probability of being killed.
Figure 2 shows a photo taken along Morogoro road in a section between Mlandizi and Kibaha showing a Motorcycle rider
with an overloaded luggage. He also fastened his helmet together with his luggage leaving his head covered by a hat only.
In front of him, there were two others trying to overtake a lorry at the section where overtaking is prohibited.
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Helmet

Figure 2: Motorcycle Rider with an Overloaded Luggage and Not Wearing Helmet.
2.0 PROBLEM DEFINITION

Human factor which is a social phenomenon related to the way the society perceives certain ways of life being normal,
regardless the fact that they are wrong, have been to a large extent the cause occurrence of most of road accidents. There
is; therefore, a need for studying the human factors in an effort of coming up with interventions necessary for minimizing
the number and severity of road accidents.
3.0 OBJECTIVES
This paper mainly addresses measures related to human factor which can be applied to lower the number of road traffic
accident including severity of injury in such accidents, with more emphasis made to the motorcycle riders, cyclists and
pedestrians. Specifically, it signifies:
a) Correct usage of the personal protective equipment and infrastructures i.e. the roads and its furniture.
b) Licensing of the motorcycle riders as we know the motorcycles have become part of public transport in our
country.
c) Infrastructure design in relation to road traffic safety.

4.0

METHODOLOGY

4.1
Targeted Groups
This paper aimed at studying the most vulnerable groups which are the motorcycle riders (drivers), cyclists and pedestrians.
4.1.1
Motorcycle Riders (Drivers)
The motorcycle riders (drivers) were interviewed while parked at their respective stations. The tool developed for the
interview enquired for the following information:
(i) Age,
(ii) Gender,
(iii) District at which the driver is stationed,
(iv) Year of commencement of motorcycle riding,
(v) Whether the driver has already acquired the license,
(vi) Possibility of seeing a license if the driver has it at hand, and
(vii) License classes.
The study was conducted in Kaliua, Tabora Town and Urambo Districts located in Tabora Region; as well as, Ilala,
Kigamboni, Kinondoni, Temeke and Ubungo Districts located in Dar es Salaam Region.
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4.1.1.1 Motorcycles Moving Speed
Most of Motorcycle riders were observed to be reckless when it comes to the speed limits. From what seems to be an
exemption or being forgotten/neglected; it is very rare to see a Motorcycle rider being caught from overspending even at
locations where there are speed limits and traffic speed radar.
4.1.2

Pedestrians and Cyclists

4.1.2.1 Pedestrian Road Crossings
The pedestrians were studied at zebra crossings including the nearby surroundings in order to assess their behavior with
regards to their compliance with the requirements in roads crossing. At the chosen location, two people were stationed in
order to record/observe the number of pedestrians crossing the roads at the zebra crossing as well as those crossing on the
left- and right-hand sides of the respective zebra crossing as outlined in Figure 3.

Side B

Side A

Designated Pedestrian Crossing Location

Designated Pedestrian Crossing Location
Figure 3: Layout of the Study Area for Pedestrian Crossing Location.
4.1.2.2 Footpaths and Cyclists Paths
The footpaths in towns and the city were observed for their accessibility in terms of functionality for both normal and
physically challenged pedestrians.
5.0 RESULTS AND DISCUSSION
Pedestrians are the least in compliance to traffic control devices. This is manifested by their tendency of crossing far from
the locations where the zebra crossings and traffic lights are installed especially at the junctions. The cyclists are highly
vulnerable due to sharing the same roadway with motorcyclists/tri-cyclists and other vehicles which moves at relatively
higher speed. Locations earmarked for cyclists are scarce and mostly being encroached by the roadside vendors.
5.1
Motorcycle Riders (Drivers)
The interview results from Motorcycle Riders (drivers) are as summarized in Table 1 . As it can be noted, the number of
drivers licensed to ride Motorcycles is less than 60% for Dar es Salaam and less than 70% for Tabora Regions, respectively.
About 31% of the Motorcycle riders (drivers) for both Dar es Salaam and Tabora Regions have never been licensed at all;
which implies that most of them are unaware of proper driving and infrastructure use with regards to their motorcycles
riding (driving).
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Table 1: Results from Motorcycle Riders (Drivers) Interviews.
Region
Total number of interviewed drivers
Drivers possessing motorcycle licenses
Licensees unauthorized to ride motorcycle
Drivers not possessing any License at all

Dar es Salaam
371
205 (55.3%)
51 (13.7%)
115 (31.0%)

Tabora
241
165 (68.5%)
–
76 (31.5%)

In Dar es Salaam, it was found that about 14% of the Motorcycles riders were unlicensed to ride motorcycle; but they were
in possession of other Motor vehicle licenses. Despite the fact that such licensees were aware of the proper use of the
infrastructures, it doesn’t eliminate the fact that their competence in riding (driving) motorcycles remains unjustifiable.
Lack of proper license to the motorcycle riders (drivers) is likely to be the causes of numerous accidents related to the
motorcycle riders (drivers) and other traffic; both motorized and non-motorized including pedestrians.
5.2

Pedestrians and Cyclists

5.2.1
Pedestrian Road Crossings
The study was done at one intersection for a period of one hour and fifteen minutes from 4:15 to 5:30pm. A strategic
location was chosen where the likeliness of pedestrians crossing the road was relatively high. As seen in Table 2, less than
30% of pedestrians crossed the road at the designated crossing location. The remaining pedestrians crossed the road on
either side of the designated location. In Dar es Salaam, pedestrians had tendencies of crossing the roads almost
everywhere. The situation is somehow better along Morogoro road at designated crossing locations where UDART bus
stops are located; and, some locations in other roads where fences/mazes has been constructed leaving pedestrians with
no choice other than crossing the road where there is no fence/maze.
Table 2: Results from Pedestrians Crossing the Road
Region
Total number of pedestrians counted on both sides of the road
Total number of pedestrians who crossed the road at designated location
Total number of pedestrians who crossed the road away from designated location (Side A)
Total number of pedestrians who crossed the road away from designated location (Side B)

Tabora
145
57 (28.2%)
66 (32.7%)
79 (39.1%)

Pedestrian crossings at intersections do not work during peak hours as the available traffic signals are overridden by traffic
policemen who controls vehicular traffic only leaving pedestrians to cross the road at their own will and risk at whichever
location.
5.2.2
Footpaths and Cyclist Paths
It was found that some of footpaths were inaccessible even for a normal pedestrian. Most of their functionality were
impaired by the installation of huts of the roadside vendors which resulted in making a normal walking somehow
uncomfortable. Cyclists also face similar challenge in town areas whereas their designated paths have been encroached by
roadside vendors, therefore, facing difficulties in cycling and sometimes sharing the carriage way with the motorized
traffic which increases the risks of getting involved in road accident.
In other areas such as small towns, it was observed that the poorly constructed rumble strips cause difficulties to the cyclist
as the result, they tend to pass near the road shoulder edges. In the long run, the road shoulder edges get damaged on what
the author terms as “the termite effect” resulting in unnecessary road maintenance costs. Figure 4, shows some damages
to the shoulder edges as cyclists tend to avoid passing over the rumble strips of a fairy new road. Our road designs and
construction should consider safety and comfort of all road users apart from focusing mainly on motor vehicles.

Integrating Adaptation to Climate Change through Sustainable Engineering-Challenges and Opportunities |40

12th International Conference, December 3-5, 2020, Ngurdoto Mountain Lodge, Arusha, Tanzania

Figure 4: Damaged Edges of Road Shoulders Due to Cyclists Avoidance of Rumble Strips.

6.0 CONCLUSION
More research is needed with regards to road traffic safety. Engineers are highly encouraged to develop moral values by
thinking more of accident reductions when carrying out the road designs.
Road safety syllabus shall be incorporated in all level of education at least once per year with more emphasis on lower
levels in order to make road safety part of our custom values. A parent who is aware of proper road/infrastructure user can
be the best teacher at the family level. Public education, particularly sensitization on road traffic safety shall as frequently
as possible be made easily available with a possibility of being obtained freely or at affordable price. This will result in
long term change in behavior with regards to improvement in proper road use.
Licensing issuing authorities need to impose more effort necessary for ensuring licensing of motorcycle riders (drivers).
The author believes more frequently provided and free education with regards to road safety works better as compared to
punitive measures in this regard. Improvement is required in our current traffic control devices. For pedestrian crossings
at intersections to work properly; a green light for pedestrians should always means so as compared to the current practice
where traffic policemen intervene during peak hours. Some means shall be made to allow the upcountry busses to come
closer to town. This will certainly lower the need of the number of passengers hiring cars/motorcycles after disembarking
the buses, as we know that the busses have lower accident occurrence rate and severity and carry more passengers at once
as compared to cars/motorcycles.
Our road designs in town shall incorporate reasonably larger areas on the sides for the purpose of incorporating the roadside
vendors without taking much space from the footpaths. The Highway Engineers needs to be available during the final
inspections of the completed road projects for the purpose of verification of usability of all installed road furniture
earmarked for road traffic safety. The rumble strips and speed humps shall be as per the design. In case of any alteration,
approval shall be issued by authorities after being reviewed by qualified road safety experts.
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ABSTRACT
The estimate of delay variability at the intersection is very essential information for planning, design, and
evaluating the level of service at the intersections. Traffic flow in most of the cities in developing countries
is chaotic due to the traffic mixed and vehicles sharing the same lane. Moreover, it is observed that lack of
lane discipline at the intersections causes notable lateral movement, and vehicles tend to use lateral gaps to
move to the front of the queue. Under this condition, the prediction of delay time at the intersections is very
difficult. Furthermore, the estimation of delay variation distribution using available models which were
developed under homogeneous traffic conditions will not be realistic, if directly applied to heterogeneous
traffic conditions. Thus, this paper analyses the delay time distribution at the intersections under
heterogeneous traffic flow conditions. The delay time was observed at forty-one (41) intersections with
simultaneous collection of data on five main corridors in Dar es Salaam city. The results indicate that about
80% of the vehicles spend 2-9 minutes to cross each intersection during the outbound directions. Also, about
72% of the cars spend 2-9 minutes to cross intersections during the inbound directions. This is because most
people evacuate at the city centre within the same time which results in a flux flow into these five main
corridors in the city. This study is expected to raise awareness of policymakers and transport planners on
how to improve the level of service at the intersections given the unclear delay behaviour at these
intersections.
Keywords: Delay time variation, Signalized intersections, Delay control, Mixed traffic
1.0

INTRODUCTION

Most cities in developing countries are undergoing fast urbanization which results in increased road traffic. In these cities,
traffic (including non-motorized and motorized modes of transport) is flowing in the same lane causing a lot of chaos in
the urban road networks ( Anil et al., 2017). The prediction of travel time in the urban network becomes more complicated
because of the travel time variability (Jammula et al., 2018). The major component of urban travel time variations occur
at the road intersections. Fangfang and Zuylen (2011) analysed delay time in the urban road network and realized that
about 50% of delay time variations were found at the intersection. Most cities in developing countries (especially Dar es
Salaam city in Tanzania) have mixed traffic, and vehicles can shift laterally from one lane to another which causes physical
variation and travel time variation in the urban road networks (Preethi et al., 2016). There is no lane restriction adherence
during the traffic flow. Moreover, it is observed that lack of lane discipline at the intersections causes notable lateral
movement, and vehicles tend to use lateral gaps to move to the front of the queue. Also, most cities in developing countries
like Dar es Salaam traffic police used to control traffic flow, the traffic flow toward city centre are given more priority to
departure at the intersection during morning time (Peak hours) and vice versa during in the evening time. This exercise
causes a lot of delay variations at the intersection.
Under these conditions, the estimate of delay variations at the intersection using available delay models such as Webster
(1958) and Olszewski (1993) which were developed under homogeneous traffic conditions will not produce realistic
estimate if they are directly applied to heterogeneous traffic conditions. The delay variation parameters mainly depend on
the non-deterministic nature of the arrival, departure processes, and heterogeneous traffic conditions at the intersection.
These variables cause a lot of uncertainties and chaos that makes prediction of delay time at the intersections to be more
complicated especially in most of the developing countries (Hashim et al., 2017). To address this gap, the need for
developing a delay variation model that will take into account the heterogeneous traffic conditions is necessary. Darma
(2005) argues that cycle time, inter green time, number of phasing sequence, and number of lanes are major variables that
influence the delay variation at the signalized intersection with the assumption that traffic flow is constant. Moreover, the
stop delay time related to red phase duration and saturation level has been mentioned to be the main factors influencing
delay variation at the intersections ( Chen et al., 2013; Cheng,2015). This is consistent with Webster, (1958) delay model
that estimates delay variation based on deterministic queuing analysis and under saturated traffic flow based on
homogeneous traffic conditions at the intersections. The estimate of vehicle delay variability at the intersection provides
very important information for evaluating signal controls and setting (Fu et al., 2000).
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It has been recognized that the estimate of the delay variability is important in many aspects, for example, the delay
variability information applied to estimate the confidence limits of mean delay. This provides a reliable information
regarding signal planning by identifying optimal signal settings (Liping Fu and Hellinga, 2006). The estimation of delay
variability enables the improvements of future plans for signal control and level of service at the intersections(Li et al.,
2016). The provision of accurate travel time information to the road users helps to yield individuals benefits in terms of
travel time saving and alleviation of urban congestion that makes traffic flow to be stable (Zheng and Zuylen, 2010).
Charlotte et al., (2017) and Torrisi et al., (2017) argued that passengers are not only interested in known urban travel times
but the variability of travel times. The understanding of travel time variability enables passengers to better organize daily
and non-daily activities to match with their daily travel conditions. Delay time variations are applied to determine the
performance of the Level of Service (LOS) at signalized intersections (Chen et al., 2016).
The delay time variability at the intersection has been traditionally measured mostly in the freeways where traffic flow is
typically dominated by motor vehicles which are moving in clearly defined lanes (Hadiuzzaman et al, 2009); Fangfang
Zheng and Van Zuylen, 2010; Anil et al., 2017). Preethi et al., (2016) argue that the accurate and reliable model is the
one which shows clearly the delay time variation distribution at the intersections. Olszewski (1993) developed the delay
variation distribution model at signalized under homogenous traffic flow conditions. Chen et al., (2016) applied the delay
variability model to estimate delay variability at signalized intersections for urban arterial performance. However, the
model was able to show delay distribution at the intersections, but may not be applied in cities of developing countries
were traffic flow is mixed. Thus, this paper estimates the delay time variation distribution at the intersections under
heterogeneous traffic flow conditions by using delay time collected at forty -one (41) intersections within five main
corridors in Dar es Salaam city.

2.0

MATERIALS AND METHODS

2.1 Description of the study area
Dar es Salaam is a Mono Centric structure city; it has only one Central Business District (CBD) with the arterial roads
originating from the residential areas towards the CBD and two ring roads as shown in Figure1. This implies that social
services and economic activities are located in the city centre. Also, it is an area where government and private offices
such as educational institutions, supermarkets, financial institutions, and Dar es Salaam port (import and export goods)
are found. Most of the commuters travel from the outskirts area of the city towards the CBD. This situation causes a long
queue and the intersections during peak hours. Traffic flows in one direction in morning hours towards the city centre and
vice versa in the evening exceed the capacity of the roads.

Figure 1. Dar es Salaam map showing five main corridors
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2.2 Data Collection and Analysis
The travel time data was collected in five main corridors which are:
 Mbagala-Kariakoo via Kilwa road
 Pugu -Kariakoo via Nyerere and Uhuru roads
 Mbezi - Kariakoo via Morogoro, Mandela and Uhuru roads
 Tegeta– Kariakoo via Bagamoyo, Ali Hassan Mwinyi and United Nations Roads
 Kawe -Kariakoo via Old Bagamoyo and Kawawa Roads
These corridors were selected because majority of commuters use them when making a trip to CBD and they have a direct
connection to the residential areas. Also, the corridors provide the link between the Dar es Salaam port authority and other
parts of the country and outside the country. The travel time data were collected in five days a week, which are Mondays,
Tuesdays, Wednesdays, Thursdays, and Fridays. Saturdays, Sundays, and public holidays were excluded in the sample
because in Saturdays and Sundays most people stay at home for the weekend vacation; for that reason, traffic flow in the
city is very low. The surveys were conducted between October 2018 and January 2019. Six hundred seventy-four (674)
samples were collected from forty-one (41) junctions in five main corridors in five working days as indicated in Table 1.
Table 1. Sample of Daley Data Collected from Intersections
Survey Duration
Number of
Corridor Name
(hrs)
Directions
Tegeta-Kariakoo
14
2
Mbezi- Kariakoo
14
2
Pugu- Kariakoo
14
2
Mbagala- Kariakoo
14
2
Kawe - Kariakoo
14
2
Total Number sample

Number of
Intersections
15
6
7
6
7
41

Samples
collected
246
99
115
99
115
674

2.3 Modelling of overall delay variation at the intersections
The development of overall variation at the intersection under the heterogeneous traffic flow conditions is considered in
this paper. Let the overall delay variations Var[D], be represented as the summation uniform delay variation and overflow
delay variation as in equation 1.0

Var  D  Var  D1   Var  D2 

1.0

Where:

Var  D

is the overall delay variation

Var  D1 

Var  D2 

is the uniform delay variation
is the overflow delay variation

This variation is caused by the different arrival time of vehicle within each cycle interval. The vehicle arrives at any time
within a cycle interval experience a delays resulted from signal control and non-motorized transport. To analyze these
variations, queuing model was applied as in equation 2.0.

Var ( D1 ) 

c 2 (1   )3 (1  3  4 X 1
12(1   X 1 ) 2

2.0

Where:

Var ( D1 )

is the delay variation during uniform traffic flow

 is the fraction of effective green to cycle length (g/c)

X is the approach volume (v) capacity (C) ratio (v/c) or saturation ratio(X<1)
c is the cycle length.

Var  D



2
The overflow variation
caused by two traffic conditions, this included under saturated conditions (x < 1.0) and
oversaturated conditions (x >1.0). Therefore, the overflow variation model is the relationship between the variance of this
delay and the degree of saturation as indicated in equation 2.0
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Var ( D2 ) 

X (4  X )
12C 2 (1  X )2

2.0

Where

Var ( D2 )

is the delay variation during overflow conditions
X is the approach volume (v) capacity (C) ratio (v/c) or saturation ratio(X<1)
C is the cycle length.
The equation 2.0 represents the variances of overflow delay as functions of the degree of saturation. The delay variation
increases with the increased degree of saturation from zero to approximately to one and when degree of saturation is one
(X=1), the delay variation becomes infinite and traffic flow is settled into a steady state. If the value of x is greater than

0,T 

( x  1)

one
during the evaluated period
there is a high chance of congestion to exist the whole period of evaluation.
To determine delay variations at the intersections, two traffic conditions are investigated which are under saturated
conditions (x < 1.0, off-peak hours) and oversaturated conditions (x >1.0 peak hours) taking into account interruption
caused non-motorized transport
3.0

RESULTS AND DISCUSSION

The data collected from the field was organized into three scenarios which are entire delay (inbound and outbound), offpeak hour (inbound and outbound) and peak hours (inbound and outbound) as in Figure 2

Figure 2. Delay variation Model
The data was edited and checked for their reliability, whereby outliers and unusual travel time from the corridors were
removed and adjusted. The XLSTAT software was used to simulate delay variation distribution in all forty-one (41)
intersections. XLSTAT is the statistical analysis add-in that offers a wide variety of functions to enhance analytical
capabilities. It is compatible with all Excel versions, such as Microsoft version 2003 to version 2016 (2011 and 2016 for
Mac). XLSTAT-Modelling data tools with a distribution fitting dialog box, where delay data from forty -one (41)
intersections for the five corridors were inserted as input data.
The average and Standard deviation were determined in three scenarios, which include entire delay (inbound and
outbound), off-peak hour (inbound and outbound), and peak hours (inbound and outbound) as indicated in Table 2.
Table 2. Daley Variation in Five main Corridors

Corridors
Mbagala- Kariakoo

Pugu-Kariakoo

Tegeta-Kariakoo
Mbezi-Kariakoo

Scenarios

Inbound
Mean
(Min)
STD(Min)

Outbound
Mean(Min)

STD(Min)

Entire delay

8.69

3.99

7.30

2.95

Off-Peak hours

4.79

8.85

7.61

2.74

Peak - Hours

8.40

4.01

6.75

3.26

Entire delay

4.66

3.48

3.24

1.99

Off-Peak hours

4.13

2.81

3.54

2.20

Peak - Hours

5.51

4.25

2.70

1.41

Entire delay

4.25

1.91

5.30

2.23

Off-Peak hours

4.27

2.06

5.26

2.43

Peak - Hours

4.22

1.61

5.38

1.83

Entire delay

4.43

1.96

4.28

1.79
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Corridors

Kawe-Kariakoo

Scenarios

Inbound
Mean
(Min)
STD(Min)

Outbound
Mean(Min)

STD(Min)

Off-Peak hours

4.00

1.19

4.57

1.97

Peak - Hours

5.14

2.67

3.76

1.29

Entire delay

4.84

4.23

4.08

3.61

Off-Peak hours

4.56

3.68

4.41

3.90

Peak - Hours

5.30

5.02

3.47

2.97

In Table 2, the average delay time ranges from 4.00 to 8.69 minutes in inbound direction while in outbound direction, the
average time ranges from 2.7-7.61 minutes. The delay variation of the individual vehicle experienced at the intersection
ranges from 1.19 minutes to 5.02 minutes, which is about 4 minutes, and from 1.29-3.9 minutes, which is about 3 minutes
in inbound and outbound directions. This implies that there is a high chance for a vehicle to spend less than 4 minutes in
inbound direction and 3 minutes in out bound direction in every intersection as a waiting time. The average delay time an
individual vehicle experience in an inbound direction mainly during off-peak hours ranges from 8.4 to 4.13 mean and from
8.7 to 4.2 minutes during peak hours; furthermore, delay variation for both off-peak and peak hours is about 3 minutes.
The results reveal that in the inbound direction, the delay variation ranges from 2-5 minutes in peak hours and from 2
minutes to 9 minutes in off-peaks. The average delay a vehicle spends at the intersections in outbound direction ranges
from 7.3-3.24 minutes and 7.61-3.47 minutes during off-peak and peak hours respectively. On the other hand, delay
variation in outbound directions for both off-peak and peak hours is about 2 minutes. Also, it has been noted that delay
variation ranges from 2-4 minutes in off-peak and from 1-3 minutes in peak hours during the outbound direction.
Figures 3, 4 and 5 applied bars for cars and their delay distributions at the intersections, whereby blue bars represent the
number of car arrivals and red bars indicate delay distribution at the intersections. In Figure 3, the entire delay scenario
(Inbound and outbound direction), is that the probability of the vehicles to spend more than 2 minutes to 9 minutes is about
62%.

Figure 3. Entire delay scenario, delay distribution in inbound and outbound directions
This means that about 62 % of the vehicles are likely to spend more than 2 minutes to 9 minutes. About 27 % of vehicles
may spend less than 2 minutes to cross the intersection in the city, while 11 % of vehicles spend more than 9 minutes to
cross the intersections.
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Moreover, in Figure 3, the entire delay scenario (outbound direction), indicates that about 67% of the vehicles spend 2 9 minutes to cross the intersections, while 25 % of vehicles spend less than 2 minutes and 8 % of vehicles spend more
than 7 minutes to cross the intersection.
Figures 4 and 5 present two scenarios for off-peak and peak hours both in inbound and outbound directions. Figure 4
shows that about 71% of the vehicles experienced the delay time greater than 2 minutes and less than 9 minutes during the
off-peak in the inbound direction. The implication is that most vehicles arrived at the intersection delay because of the
long queue, traffic light or traffic police control. Furthermore, there is a chance for 13 % of the vehicles to experience a
delay time, which is higher than 9 minutes; this is an indication of high traffic jams at the intersections. However, there is
a chance of 16 % of the vehicles to spend less than 2 minutes during the off-peak hours. This shows that the vehicles
crossed the intersection during the green time and without the long wait.
Furthermore, during peak hours, about 72% of the vehicle experienced delay higher than 2 minutes to 9 minutes while 9%
of vehicles spent more than 9 minutes and 19% spent less than 2 minutes. This reveals that during both peak hours and
off-peak, about 19% and 16% of vehicles spend less than 2 minutes respectively. This happened because of the presence
of traffic police who gave more priority for inbound peak hours compared to inbound off-peak which mostly depends on
traffic light control.

Figure 4. Two scenarios, off-peak and peak hours, delay distribution in inbound directions
In Figure 5, about 75% of the vehicles experienced a delay time of more than 2 minutes to 9 minutes to cross at the
intersections during off-peak. In comparison, 19% of the vehicles spent less than 2 minutes and 6% of the vehicles spent
greater than 9 minutes to cross at the intersections. In peak hours, 80% of the vehicles experienced delay which is greater
than 2 minutes to 9 minutes while 18% of the vehicles spent less than 2 minutes, and 2% of the vehicles spent greater than
9 minutes to cross at the intersections.
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Figure 5: Two scenarios- off-peak and peak hours, delay distribution in outbound directions
4.0

CONCLUSION AND RECOMMENDATIONS

Delay time variation distribution at the intersections is an important tool for signal design and intersection performance
estimation. The delay time variability at the intersection has been measured in most of the western countries based on
urban road networks where traffic flow is typically motorized-vehicles moving in clearly defined lanes. Furthermore, most
researchers have applied the average delay per vehicle, average queue length, and number of stops to evaluate the level of
service at the intersections. However, there are limited studies that analyse delay time variation distribution at the
intersections under heterogeneous traffic flow conditions especially in the developing countries. Thus, this paper analyses
the delay time variation distribution at the intersections under heterogeneous traffic flow conditions. The data were
observed at the forty- one (41) intersections together with recording of delay time within five main corridors in Dar es
Salaam city.
This study is evaluates delay time distribution under three scenarios of traffic flow conditions, which involve entire delay
(inbound and outbound), off-peak hour (inbound and outbound), and peak hours (inbound and outbound). The results
indicate that during the outbound and inbound; about 70% and 52% of the cars spend 2-9 minutes to cross intersections
respectively. Also, during the outbound off-peak and inbound off-peak, about 75% and 71% of the cars spend 2-9 minutes
to cross intersections respectively. Furthermore, during the outbound peak and inbound peak, about 80% and 72% of the
cars spend 2-9 minutes to cross intersections respectively. Most of the cars spent 2-9 minutes in both directions, this
indicates that almost people evacuate at the city centre within the same time which results in a flux flow into these five
main corridors in the city. The delay time variation at the intersections is evaluated based on delay time recorded during
field data collection; other factors such as long queue and random traffic flow at the intersections should be considered in
future studies. It is expected that this study will raise awareness of policymakers and transport planners to understand
delay behaviour at the intersections, which will help them to improve the level of service at the intersections.
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ABSTRACT
A bridge is a manmade structure designed to withstand vertical and horizontal loads while offering a
smooth flow of traffic and avoiding physical obstacles without interrupting the flow of water or any other
users. The study attempted to review bridges and focussed on classification, failure of bridges based on
causes, materials, age and structural types. The review indicated that water related impacts on bridges
dominate to almost 50% of the causes of bridge failures. Bridges made from steel have a higher failure
rate of 57.9% and those with girder as the main structural component have 49.5% failure rate. In line
with this, the three failed bridges along Nzovwe River in Mbeya City were used as a case study of the
ongoing study attempts to evaluate the extreme event that lead to bridge failure, the respective scour and
suitability of the water way as well as the opening. The study recommends that challenges students face
while struggling to access information related to bridge failures in Tanzania be addressed in order to
improve teaching and learning especially in relation to real world examples.
Keywords: Bridge failure, bridge categories, structural types of bridge, floods, bridge scour
1.0 INTRODUCTION
A bridge is a manmade structure built to avoid physical obstacles without closing the way underneath such as flowing
water, valley or road (Balasubramanian, 2017). It is constructed for the purpose of providing passage over the obstacle.
Designs of bridges vary depending on the function of the bridge, the nature of the terrain where the bridge is constructed
and anchored, the material used to make it, and the funds available to build it (Balasubramanian, 2017). Throughout
history, the causes and mechanisms of bridge collapse have drawn much attention from researchers and engineers, and
much knowledge and design experience has been gained from the lessons of real bridge collapses (Deng et al, 2015). Each
bridge failure has its unique features, which makes it difficult to generalize the causes of failures (Choudhury, 2015).
2.0

OBJECTIVES

The main objective of this study was to review issues related to bridges as report in various studies. The specific
objectives of this study were:
(a.) To review various types of bridges
(b.) To analyse bridge failure based on causes, material used, age and structural type.
(c.) To propose way forwards to complete the study.
3.0

METHODOLOGY

Study methodology involved desktop review of various studies related to bridge failure and visual inspection of the failed
bridges along Nzovwe River that drains through Mbeya City. This approach was considered adequate for the creation of
an appropriate grip on future studies on the development of climate resilient infrastructure.
4.0

BRIEF LITERATURE REVIEW

4.1 Classification of Bridges
Bridges can be classified in five different ways, which include:
(a) Materials: Several materials can be used to construct bridges and they include concrete, steel, timber, masonry
(stone/bricks) or composite material, BS 5400 is combined codes of practice to cover the design and construction
of steel bridges (Part 3), concrete bridges (Part 4) and composite bridges (Part 5) and specifications for the loads
(Part 2), materials and workmanship (Parts 6 to 8). The principles of limit state design outlined in ISO 2394:1986,
underlines the BS 5400.
(b) Usage: The use of the bridge can be for pedestrians, highway, railway or any other usage. BS 5400 Part 2 specifies
various loads associate with the use of the bridge and the load combinations.
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(c) Span: the length covered by the bridge can be classified as small span bridges covering up to 15m, medium span
bridges up to 50m, large span bridges ranging from 5-m to 150m and extra-large (long) bridges spanning from
150m and above. It is fair to note that these demarcations vary from one region to the other.
(d) Structural form: Structurally bridges can be either a girder (beam) bridge (Figure 1) which is suitable for small
and medium spans, arch bridge (Figure 2) which is suitable for up to large spans and is economic to use arch
bridge in low volume roads, truss bridge (Figure 3) is suitable for up to large spans, however it is cursed by poor
aesthetic appearance for oblique views are considered, suspension bridge and cable stayed bridge are both suitable
for long spans and even crossing oceans.

Figure 2: Longitudinal section of a girder bridge (modified from
https://www.academia.edu/29964991/Design_of_a_Reinforced_Concrete_Deck_Girder_Bridge_to_AASHTO_and
_ACI_Codes)

Figure 3: View of Krka River Bridge (Šavor et al., 2008)

Figure 4: A pedestrian truss bridge (Tinkova and Safonovb, 2017)
(e) Structural arrangement: The location of the bridge deck in relation to the main structure defines the structural
arrangement. The main structure can be below the deck, above the deck or coincided with the deck.
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Figure 4: Naming’ongo Bridge with the main structure below the deck (Observed on 24th July 2016)

Figure 5: Mwalimu Nyerere Bridge with the main structure above the deck (As observed in Google Web on 20 th
August 2020)
It is fair to note that some factors related to economy, safety and aesthetics needs to be considered when deciding on the
type of bridge to construct. These include the geometric conditions of the site, subsurface conditions of the site, functional
requirements, aesthetics, economics, ease of maintenance and construction and erection consideration as well as legal
considerations.
4.2 Bridge Failure
The collapse of bridges is associated with serious economic and life losses (Deng et al, 2015). Several studies have
attempted to study bridge failure and classified these failures into several categories which include failure based on causes,
failure based on material type used for construction and failure due to age.
4.2.1
Bridge failure based on causes
Deng et al., (2015) studied the causes of failure of 503 bridges in USA which occurred between 1989 and 2000. The causes
include floods (32.8%), bridge scouring (15.5%), construction and supervision mistakes (12.3%), collision (11.73%),
overload (8.75%), fire (3.18%), earthquake (1.99%) and other (13.7%) as shown in Figure 5. The study indicated that
failed bridges due to water related impacts (flood and scour) account for 48.3% of the total bridges that failed between1999
and 2000.
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Figure 6: Failed bridges between year 1999 and 2000 (Deng et al., 2015)
Lee et al., (2013) studied US bridge failures and 1062 bridges were registered as failed during the period between 1980
and 2012 (Figure 6). The causes include floods (28.3%), bridge scouring (18.8%), collision (15.3%), overload (12.7%),
fire (2.8%), earthquake (1.9%), wind (1.6%) environmental degradation (6.7%), internal causes (11.1%) and others (0.7%).
The water related impact of bridge failure was 47.1% which is close to the observed value of 48.3% by Deng et al., (2015).

Figure 7: Causes of bridge failure between year 1980 and 2012 (Lee et al., 2013)

4.2.2
Bridge failure based on material used for construction
Lee et al., (2013) discussed on the bridge construction materials used. Many steel bridges failed (57.9%) and only 19.3%
of concrete bridge failed. However, in US there are about 607,375 bridges where concrete bridges constitute 65%, steel
bridges 30% and others 5%. The dominance of failed steel bridges is attributed to age, nonexistence of sophisticated design
codes and limited annual inspection and maintenance of bridges (Lee et al., 2013).
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Figure 8: Bridge failure based on materials used for construction between year 1980 and 2012 (Lee et al., 2013)
4.2.3
Bridge failure based on age
When considering the age of bridge, there is little information that is peculiar for a particular age of bridge to raise alarm.
Some bridges failed within the age below 10yes (52.2%). Bridge with age above 81 year was anticipated to have more
bridge but it had only 10.5%.
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Figure 9: Bridge failure based on material used for construction between year 1980 and 2012 (Lee et al., 2013)

4.2.4
Bridge failure based on structural type
When considering the structural type of bridges, girder bridges have a high failure percentage followed by truss bridge.
Most of the girder and truss bridges are likely to be made of steel and it reflects the higher percentage of failure of steel
bridge.
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Figure 10: Bridge failure based on structural type between year 1980 and 2012 (Lee et al., 2013)
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5.0

THE CASE OF BRIDGES ALONG NZOVWE RIVER IN MBEYA CITY

Bridges are primarily designed to withstand the vertical loads (non-extreme loads) resulting from own weight and traffic.
During the expected life of the bridge, natural or manmade extreme hazard conditions may arise and when combined can
result in sufficient distress to the structure (Lee et al., 2013). Kagoda (2006) noted that non-extreme events when combined
their effect may cause a bridge to fail. Water related impacts (floods and scoring) have been reported as the dominant
cause of bridge failure (Lee et al., 2013 and Deng et al., 2015). A similar case was experienced when three bridges crossing
River Nzovwe failed on 6th October 2019 after a flash flood (Figure 11).

Figure 11: Failed Nzovwe Bridge (as observed by in May 2020)
The visual inspection done by the authors suggest that high flows and scouring were experienced on bridge locations. In
order to ameliorate the understanding on this issue of the failure mechanisms of the three bridges the study focus on:
(a) Identify the nature of the bridges (construction material and structural type);
(b) Establish the quantity of the flows that caused the bridges to fail and their respective return period.
(c) Use the values in (b) to determine the scouring depth resulting from the flows.
(d) Evaluate the adequacy of the water way and bridge opening.
(e) Propose a suitable way of accounting for bridge failure in future designs.
In addition, the review of bridge failure mainly focused on bridges outside Tanzania and it does not mean that in Tanzania
there are no bridges that have suffered similar problems. This is likely attributed the challenges in accessing detailed
information. Therefore, the study calls for development of databases for storing and retrieving information on bridge and
other transport related system. Such systems will walk a long way in the teaching and learning process offered by academic
institutions to upcoming engineers. Cooperation among practitioners and Universities is important for the development of
3rd Generation Universities where universities are considered as knowledge hubs and are integrated in an intelligent manner
to promote indigenous development and new capabilities through knowledge sharing.
6.0
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ABSTRACT
Tomato (Solanum lycopersicum L.) is among basic crop that have high rate of production worldwide. Its
benefits vary from nutrients its contributes to human health as well as improvement of life standard of
small-scale producer’s. It provides a wide variety of nutrients and many health-related benefits who gain
their self-employment from this agriculture sector both rural and peri urban individual. Small‐scale
producers are the one who take major part of Tomato production in Tanzania whereby Morogoro Region
has the largest area (6,519 ha, 19% of the crop area in the country), followed by Iringa (3,274 ha, 10%),
Tanga (2,569, 8%) and Zanzibar (2,370 ha, 7%). Regardless of all these benefits, tomatoes production in
Tanzania is faced by many setbacks. Post-harvest looses remained an outstanding challenge facing tomato
production. Post-harvest losses have been found to be either an on-farm or off farm problem. On-farm
losses are caused by improper harvesting container, improper harvesting stages, poor farm sanitation,
excessive field heat, and improper packaging materials. While off-farm losses include lack of reliable
market information, lack of access roads, lack of processing factories and inappropriate transportation
system. Application of different initiatives both low-cost and intermediate technology involvement can help
shrink some of these post-harvest losses making tomato production a more profitable venture in Tanzania.
1.0

INTRODUCTION

Tanzania aspires to become middle income country (MIC) by 2025 and attained Sustainable Development Goals (SDG)
number eight (8) by 2030. In order to meet the target, the skilled workforce is key factor for the countries transformations
through provision of quality Vocational Education and Training (VET). In Tanzania VET is structured in two categories
namely Institutional Based and Dual Apprenticeship Training System (DATS) of which both require a strong relationship
among VET providers and industries/companies. In this regard, the Government of Tanzania prepared National
Apprenticeship/Internship Guidelines that establish mechanisms for attracting participation of stakeholders particularly
employer, training institutions, youth, development partners and many others in implementing, monitoring and evaluating
VET provision in the country.
VETA is an independent organization which receive and accommodate students regardless of their individualized need
and background.VETA offered different course include Agro-mechanics,the current situation shows there are crisis in
tomato production, Has an expert from VETA initiated this study to ensure we came up with proposed solution as far as
post-harvest Loss concern.
Post-harvest loss can define as the loss from the stage of harvesting to the stage of consumption which occurs as a result
of qualitative loss(low weight/size , few harvests), quantitative loss(Loss of acceptability by consumers, Loss of caloric
and nutritive value, Loss of edibility),Economic loss(loss of income/low profit) and the food waste (by the consumers)
altogether. Postharvest is a critical stage where product sale ability and income are being assured. Hence this study is very
essential as it asses post-harvest Loss of tomato production and it how will be removed or avoid
2.0

GOALS/OBJECTIVES

2.1
General Objective
The general objective for conducting this project was to asses post-harvest loses of Tomato during production. I came up
to that objective as result of Layman observation on tomato which in particular shows; Large number of tomato producers
have limited modern knowledge on tomato production; many small scale tomato producers incurs big loss of their product
after harvest this from actual process of harvesting,packaging,transportation as well as storage. This loss can be influenced
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by factors which can be internal or environmental factors. Internal factors include; metabolic rate, compositional changes,
morphological changes, physiological disorders and general senescence. These factors they depend much with the plant
structure and how it function. Environmental factors include: Changes in temperature, physical damage, pathogens,
humidity, rodents and contamination.
2.2
Specific Objectives for this project
The following were the specific objectives
(i) To identify mismatch gap of tomato during production
(ii) To impart skills and knowledge of Post-harvest loses to small scale tomato producers by involving them modern
post-harvest technique and workshops offered by VETA

3.0

METHODOLOGY

In order to gain the correct insights and provide the basis for analysis of key constraints and challenges, the following
tools were used:
1) Literature Review – of Tanzania agriculture and horticulture reports to date, including the Strategic Plan for the
Transformation of Agriculture. Statistical excerpts from the detailed EU Baseline Report Survey on Horticulture (2015)
were also used where it pertains to tomato and farmers in general.
2) Interviews - the bulk of the methodology and work came from a series of interviews with key actors at each stage of
the value chain, including but not limited to: Farmers / Farmers (small, medium, large; coops; companies), Input supply
agents and brokers, Financial institutions concerned with horticulture in general, Government ministries where applicable,.
Government institutions, including National Agricultural Export Development Board, Agriculture Extension workers
(district level),Traders in the selected crops (where applicable), Wholesalers in the selected crops (where
applicable),Exporters (where applicable), Processors, Transport agents, Retailers and Others as applicable
Each Value Chain analysis was developed in conjunction with a local team who were trained on the methodology, as well
as with representatives of the partner organizations in the Reducing Postharvest Losses in Tanzania
4.0

RESULTS

This section deals with the results of the analysis of data in the light of the objectives set forth, in the beginning of the
study. The necessary discussions of the results have also been made on appropriate places in the following sections.
4.1
Education Level
Literacy is one of the important characteristics that influence farmers’ decisions about adoption of new technologies. Data
with respect to the literacy status of sample farmers were collected on the basis of their schooling years categorized into
uptomatric (1-10) and above-matric, in order to know the composition of the literate population of the respondents. It was
observed that, out of the total 68 farmers,53% were literate, 43% educated up to matric and 4% educated above matric)
and 47% illiterate, Low literacy rate of the farmers may be due to their involvement in livelihood activities, prevailing
poverty in the area and less opportunities for education.
4.2
Tenure Status
Tenancy is an arrangement between land owners who lease out land and tenants who lease in land in return for a mutually
agreed sum or share called the rental share of the produce in return for the right to cultivate rental land and appropriate its
output. Tenurial status of the farmers shows that 60% of the tomato growers were owner cultivars, 28% tenants and 12%
owner-cum-tenant.
4.3
Operational area held by the respondents
Operational holding of farmers plays a significant role in the adoption of new technology. A number of researchers
reported that there is an inverse relationship between farm size and productivity.While some researchers also found a
positive relationship between farm size and productivity but still some studies do not support the hypothesis that farm size
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affect the productivity of inputs.Data regarding the operational area held by the respondents in the research area shows
that out of the total sixty eight respondents, 54% of the area hold area up to 2.5 acres followed by 2.6-5 acres and above 5
acres holdings respectively, by 24% and 22% respectively.
4.4
Area allocation to tomato crop grown by the respondents
During the survey period 88% of farmers had allocated up to 2.5 acres of land to tomato crop and 12% allocated above
2.5 acres. Furthermore, on the average, the area farmers allocated 1.37 acres to tomato crop.
4.5
Tomato variety grown by the respondents
It was observed during the survey, that in the area farmers were growing different varieties Shimla and because of its
shape, flesh and weight.
4.6
Labor used for picking tomatoes
The type and number of labor play a vital role in the post-harvest losses. Skilled laborers pick and handle the produce with
care and hence do little damage to the crop. In the research, area most of the farmers perform their activities by engaging
family laborers i.e. 47% farmers picked and packed tomato crop by themselves and 12% farmers employed both the family
and hired laborers, while 41% used hired labor
4.7
Picking time of tomatoes
The time of picking is considered the most important factor in post-harvest losses. In the
research area, picking time is determined by the commitments of farmers with the transporters, for long distance
transportation. It was observed that the farmers, who bring their produce to the local and nearby markets, pick tomato crop
early in the morning (79%) while the farmers who transport their produce to distant markets, pick their produce in
afternoon (5%) and evening time (16%) in order to make the produce ready for transportation and be available for sale in
the wholesale markets
4.8
Intercropping in tomato crop
During the survey, it was observed that majority of the farmers (54%) practices intercropping in order to minimize the risk
(19% farmers cultivated garlic, 10% sugarcane, 9% potato and 16% cultivated other crops) while the remaining 46% did
not practice intercropping on their fields.
4.9
Sale points and packaging material used for tomato crop
Methods of packing can affect the stability of products in the container during shipping, and
influence how much the container protects their quality. Prepackaging or consumer packaging generally provides
additional protection for the products. It was found that out of the total sixty-eight tomato growers, 23% transported their
produce to outside markets while, the remaining 76% farmers brought their produce to local market for sale. In addition
to this, 63% respondents used wooden Crates and the remaining 37% used baskets as a packaging material.
4.10
Mode of transportation
During transportation the produce should be immobilized by proper packaging and stacking, to avoid excessive movement
or vibration. Vibration during transportation may cause severe bruising or other types of mechanical injury. The tomato
growers (59%) who brought their produce to other than the local market used pickup/ truck as a mode of transportation,
while the remaining 41% farmers used cart and other means to bring their produce to the local market for sale. Knowledge
of Tomato Processing To reduce the post-harvest losses and gluts supply to the markets, the surplus or over ripe produce
be processed. In order to know the farmers, knowledge of tomato processing, it was asked from the tomato growers that
whether they know what can be produced from tomato crops. Of the total respondents, 84% responded negatively and the
remaining 16% (10% responded that ketchup, 3% farmers each responded that drying and sauce could be prepared from
tomato crop) were having the knowledge of tomato processing.Post Harvest Losses in Tomato Crop In fruits and
vegetables the quality of produce starts deteriorating right after their harvest. There are no generally accepted methods for
evaluating post-harvest losses of fresh produce. In the appraisal of an existing marketing operation, the accurate evaluation
of loose occurring is a problem.It may be suspected that losses are too great, but there may be no figures to support this
view. For example during transportation small scale producers we use crate as package to transport tomato from farm to
the market. My study came up with loss of tomato by using existing and improved crate as shown
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Existing crate

Improved crate

5.0

EFFICIENCY OF THE CRATE.

5.1

CASE 1: for improved crate



From Dumila to Morogoro centre which the distance is 69.4 km crate with full tomatoes to its capacity of carrying
140 tomatoes with average diameter of 6cm
Out of those tomatoes 17 tomatoes were out of shape due to its compaction within the crate and other due to
differing of range of ripening

Efficiency
Efficiency = number of tomatoes undamaged
Total number of tomatoes
= 123
140
= 0.8785 expressed in percentage (87.8).
5.2

CASE 2: for improved crate

5.2.1

First trial

Crates filled with 15.4kg weight of tomatoes from MVOMERO-DOMA to MOROGORO CENTRE which the distance is
82 km after one hours and fifteen minutes the outcome was like as expressed below I conduct this trial three times as
expressing in table below and histogram chart,13.4kg of the tomatoes was safe without any damages out of 15.4kg of
tomatoes which transported
Efficiency
Efficiency = weight of the undamaged tomatoes
Total weight of tomatoes
13.4
15.4
= 0.8701
Efficiency 87.01 expressed in percentage.
5.2.2

Second trial

13
15.4
Efficiency

84.41%
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5.2.3

Third trial

13.7
15.4
Efficiency

88.9%

Table for result of trial improved crate
CASE(Kg)
UNDAMAGE(Kg)
15.4
15.4
15.4

DAMAGE(Kg)
13.4
13
13.7

EFFICIENCY%
2
2.4
1.7

87.01
84.41
88.9

DETERMINE THE EFFICIENCY OF IMPROVED CRATE
100
90
80
70
60
50
40
30
20
10
0
UNDAMAGE(Kg)

DAMAGE(Kg)
15.4

15.4

EFFICIENCY%

15.4

TRIAL EXISTING CRATE
Crates filled with 11.5kg weight of tomatoes from MVOMERO-DOMA to MOROGORO CENTRE which the distance
is 82 km after one hours and fifteen minutes the outcome was like as expressed below, I conduct this trial three times as
expressing in table below and histogram chart.
Table for result of trial existing crate
CASE(Kg)
UNDAMAGE(Kg)
11.5
11.5
11.5

DAMAGE(Kg)
5.86
6.72
6.01

EFFICIENCY%
5.63
4.78
5.49

50
45.5
52.7
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DETERMINE THE EFFICIENCY OF EXISTING CRATE
60
40
20
0
UNDAMAGE(Kg)

DAMAGE(Kg)
11.5

11.5

EFFICIENCY%

11.5

TEST THE HYPOTHESIS
NEW CRATE EFFICICIENCY (%)

EXISTING

CRATE EFFICICIENCY (%)

87.1
84.4
88.9

50
45.5
52.7

null hypothesis means are the same
t-Test: Two-Sample Assuming Unequal Variances
87.1
Mean
Variance

50

86.65

49.1

10.125

25.92

Observations

2

2

Hypothesized Mean Difference

0

df

2

t Stat

8.845093

P(T<=t) one-tail

0.006271

t Critical one-tail

2.919986

P(T<=t) two-tail

0.062542

t Critical two-tail

4.302653

hypothesis
Ho: There is no significant difference between means for new crate and existing crate.

new crate

H1: There is significant difference between means for new crate and existing crate.
Test: t-test
Critical value= 0.05
tcalc= 0.062
Decision rule: Reject null hyp when tcalc > tcritical
Conclusion:
Since the tcalculate (0.06) is greater than tcrit at alpha level of 0.05 then null hypothesis is rejected
therefore there is significant difference between means for new crate and existing crate.
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6.0

DISCUSSION

There are significant losses after harvest along the tomato value chain, with adverse effects on the income of small farmers
and traders. About a quarter of the tomato produced is damaged and out of normal use. The types of damage include
physical or mechanical damage, disease and/or insect control infection, and/or bad shape, colour and size of the product,
or combinations of these factors. At the farmer's level, loss after harvest is continuity of disease and plaque attack, lack of
access to appropriate tools and harvesting skills, poor post-harvest management and lack of the market to immediately sell
the product the harvest. After harvest loss occurring in a value chain node stretches to other chain actors and aggravates
along the value chain due to poor handling, transportation, storage and ambient temperature, the quality of the product
deteriorates. Handling of fresh products and marketing facilities such as refrigeration systems are poor. In order to reduce
the loss of tomatoes after harvest, serious interventions are required, including skills development to improve harvest
management practices, post-harvest enforcement capacity, including cold storage, improved market information, facilities,
and services
7.0

RECOMMENDATIONS FOR REDUCING POSTHARVEST LOSSES

Tomatoes are one of the most well-studied horticultural crops, and past research has identified many appropriate handling
practices and improved technologies. Four major recommendations are provided to guide the project.
7.1
Training of trainers (capacity building) in improved practices.
Value chain players involved in tomato production should be trained in harvest indices, postharvest handling, use of
improved containers, sorting/grading, and use of shade. In general, training on production, harvest and postharvest best
practices is required.
7.2

Demonstrations that are recommended for the Postharvest Training and Services Centers on cost effective
practices for reducing postharvest losses in tomatoes include:






Use of shade (various types of simple, low cost structures and portable shade such as market umbrellas)
Use of improved containers for transport and marketing (smaller sizes, stackable baskets, plastic crates)
Innovative transportation solutions, especially for traders handling small volumes
Zero Energy Cool Chamber (brick and sand, 100 kg capacity) for temporary cool storage
Small-scale tomato processing methods (solar drying, sauce making, juices)

7.3

Postharvest agri-business opportunities for tomatoes should be promoted These include:
 Trader/grower partnerships, where improved tomato production, harvest practices and postharvest handling
on the farm leads to increased profits for both the growers and the traders.
 Catalyzing entrepreneurs to provide postharvest storage and management services including packaging,
handling, cooling technology and better transportation.
 Local manufacture of tomato paste, sauces and juices (with flavors, package sizes and prices targeted to local
consumer preferences).
 Smallholders need training on farming as a business

8.0
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A DISCUSSION OF BRAINSTORMING AS A TOOL FOR TECHNOLOGICAL DEVELOPMENT IN
TANZANIA
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ABSTRACT
This paper underscores the need for engineers to participate actively in establishing, running and
providing solutions to industries to reach the goals of industrialization in Tanzania highlighted in Vision
2025. One of the most important techniques required to achieve this is through brainstorming. The paper
provides history of brainstorming and explains how it can be applied to improve contribution of
engineers towards industrial development. Brainstorming is quite useful to develop our industries due
to the fact that many industries are multidisciplinary and require multi-skills and knowledge and no
single person can possess all of them. The paper highlights some examples of technologies which can
be developed in Tanzania through brainstorming. The paper concludes that Tanzania needs to start her
own industrial revolution combining ideas from the past and future by developing ideas in thinking
teams. Brainstorming can be used to develop ideas and use them in businesses to be pursued by the
engineers. The paper finally recommends development of brainstorming strategies to develop and
implement technological ideas and apply the same in IET, ERB, Engineering Colleges and Universities,
ACET and other Engineers groups.

1.0

INTRODUCTION

Tanzania is one of the countries in Africa, a continent rich in resources but have made no significant development
comparing to other continents. According to Vision 2025, Tanzania was scheduled to become a Middle Income and semi
Industrialized country by 2025. The vision underscores the need for a Developmental Mindset and empowering culture
and to achieve those attributes it emphasizes a learning society to respond to threats and to exploit opportunities for
betterment of the country and to improve the quality of life (1). Reports released recently (2020) by the World Bank
indicate that Tanzania has reached the status of lower middle-income country (2). However, we need to put more efforts
on technological development to ensure more success in industrialization. For the country to reach a semi-Industrialized
status it is important for the Engineers to own some of the industries and to provide solutions to the industrial development.
It is obvious that most of the Engineers are employed in Administrative and in service providing institutions, while there
are those working for contractors as employees. Very few among the engineers own factories and construction companies.
The number of Engineers in Tanzania is over 20,000 and it is impossible for all of them to obtain employment in
government and service providing firms. For reasonable development of our economy, it is important for engineers to
increase the market share in the construction and manufacturing industries. According to Boniface Muhegi and Joseph
Malongo, 80% of the values of the construction projects are awarded to foreign firms, while only 20% are awarded to
local contractors (3). One of the ways required to enable a society to solve problems and use the available opportunities is
through brainstorming.
Brainstorming is defined as a group creativity technique to find solutions to specific problems by gathering a list of ideas
by members. The word brainstorm is said to have resulted from efforts by Alex. F Osborn, who organized group
discussions to improve his marketing business in 1939 (4). According to Lynda, there are four rules for brainstorming
namely, focus on quantity not quality, defer Judgment, welcome farfetched (unbelievable) ideas and build on the Ideas
(5). Having many ideas is healthy due to the fact that ideas which might not be seen suitable initially may at the end be
found to be suitable in in solving current or future problems. Avoiding judgment is important to obtain as many ideas as
possible and Welcoming farfetched (unbelievable) ideas is important due to the fact that ideas which seem to be
unbelievable have sometimes proved to be the most appropriate ideas. Building up the ideas is the process of finding
solutions by compiling the ideas provided. There are six steps for brainstorm namely, define the problem, setout layout
context and definition, pick appropriate facilitator, invite right people, set agenda and hold the session (6). The steps
required to ensure that the ideas are successfully utilized to improve an organization are, brainstorm, visualize or create
visual representation of the idea, build the product or service, assess (7).
Tanzania is very rich in arable land and other natural resources. The resources include the wild life, good and attractive
touristic destinations including Mount Kilimanjaro and Ngorongoro crater, different types of minerals and gemstones
including gold, diamond, coal and Tanzanite. However, as a nation we have not managed to utilize the available resources
sufficiently for development of the country. Though Tanzania is striving to industrialize, it is very difficult to identify big
factories founded, owned and run by the indigenous Engineers. The government is investing its meager resources to
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construct infrastructures to facilitate the industrialization process. However, participation of local contractors to the
projects is small compared to foreign contractors as described above.
Tanzania is starting factories in order to industrialize, however negligible number of such industries are founded and
owned by the local engineers. It goes without saying that engineers are mainly doing administrative duties to establish the
industries and supervising infrastructures for the same. However, our contributions as founders, owners and participators
in day to day running of the industries is minimal. It is very difficult to find Tanzanian Engineers looking for ideas for
technological development towards industrialization. It should be noted that many of the industries demand multi-skills
or multi-disciplines and therefore it is important for engineers to team up to establish solutions for different industries.
Such solution finding groups, though important are missing among the engineers. As Engineers we need to ask ourselves
if we are playing the leading role as owners of construction and other industrial sectors and if not, what is the reason?
It is therefore very important for local engineers to cultivate a culture to “think up” and look for solutions to the challenges
and set up strategies to utilize opportunities available within and without the country. Tanzanians have not managed to
manufacture even the old technologies invented in the 19 th century such as electric motors, water pumps, generators,
engines, construction cranes etc. There are a lot of equipment and fittings imported from outside the country, which could
have been made in Tanzania. The objective of this paper is to introduce and sensitize on the need of brainstorming among
the engineers. Brainstorming can be used to significantly improve the country’s economy; below are some of the possible
areas where achievements can be obtained through engagement of engineers in brainstorming.
2.0 A DICUSSION OF SOME POSSIBLE ISSUES FOR BRAINSTORMING
There are many sectors, where the Tanzanian Engineers can venture to brainstorm, establish ideas and establish industries
and associated businesses and contribute significantly to the economy of the country. Some of the examples are listed
below: 2.1 Basic Machines
There are several simple machines, which were invented in the 19th century and are very useful for improvement of human
life, however the country is still importing them. Some of these machines are electric motors, different types of water
pumps, engines, cranes for construction and other activities, press machines for extraction of oils and juices.
2.2 Construction Industry
There are so many possibilities for simplification and replacement of technologies in the construction industry, which are
otherwise not utilized by the local engineer. The possibilities are infinite, otherwise these are being mentioned as an eye
opener to the Tanzanian Engineer. Some of them include manufacturing of bearings, expansion joints and supporting
systems for bridges and buildings, application of pre-stressing techniques to buildings, making of construction machines
such as concrete mixers, asphalt concrete plants, bins for mixing soil stabilized materials. During brainstorming, the
question should be, on why are we importing equipment, which could otherwise be manufactured within the country by
teaming up?
Another area in the construction industry, where Tanzanian engineers could venture to make some equipment for
laboratory testing such as slump test equipment, riffle box, DCP equipment, Los Angeles Abrasion Value machines etc.
Brainstorming between Civil Engineers and Mechanical Engineers can facilitate their manufacturing locally.
2.3 Agriculture and Food Processing
Agriculture is still a backbone of the Tanzanian economy and there are still unutilized opportunities to invest in the sectors
of farming and food processing. Most of the crops farmed in Tanzania are being exported as raw materials to the industries
in other countries and therefore the area of food processing is an opportune ground to Tanzanian Engineer. Some of the
crops which could be processed in Tanzania include among others cashew nuts, coffee, grapes, sisal and cotton.
Brainstorming will enable engineers to start irrigated farms and also make simple tools and machines to assist in farming,
harvesting and processing of the harvests. According to Cashew nut Board of Tanzania, only 10% of the Cashewnuts
farmed in the country are processed in the country (8). Brainstorming by the Engineers will enable the country to utilize
the lost opportunities and will create employment and therefore contribute to economic growth. Value addition to cashew
nuts will enable the country also to make other products such as juices, syrup, jam, pickle and butter from kernels.

Integrating Adaptation to Climate Change through Sustainable Engineering-Challenges and Opportunities |66

12th International Conference, December 3-5, 2020, Ngurdoto Mountain Lodge, Arusha, Tanzania
2.4 Workshop Technologies
Workshop technologies is one of the subjects taught to Mechanical Engineering students but it is difficult to trace a
graduate Mechanical Engineer who has founded a workshop as business opportunity. For a country moving towards
industrialization, it is important for engineers to start workshops, which can be used to manufacture machines and spare
parts to machine and equipment. Those workshops need to be supported in order to grow into industries, bearing in mind
that the knowledge and skills are provided to mechanical engineers and technicians. These may act as a base to provide
solutions to other industries such as construction, manufacturing, agriculture and food processing and other industries.
2.5 Leather Technologies
Tanzania has 1.4% of the world and 11% of the African cattle population. However, cattle contribute only 6.9% of the
Tanzanian economy (9). The country has 30.5 million cattle, 18.8 million goats and 5.3 million sheep. However, we are
importing shoes, bags and wallets and leather jackets from outside the country. Some of the items we import seem like
leather but are actually pieces of paper sprayed to look like leather. If the local engineers can team up and brainstorm, it
is possible to establish technologies to start small factories which can grow and provide sufficient leather items and
therefore replace the foreign currency lost through the imports and also to be able to export leather goods to other African
countries.
2.6 Computer Aided Manufacturing
Brainstorming can facilitate engineers with Computed Aided Design and Computer Aided Manufacturing skills to be able
to design and manufacture machines parts using precision Machining skills. The type and how to make the machines can
be obtained through brainstorming techniques.
2.7 Establishment of Industrial Parks-Owned by Engineers
The Tanzanian Engineer needs to note that many of the reputable manufacturers of machines and cars do not manufacture
each part of the machines or cars. But manufacturing of most of parts of the machines are sublet to other companies and
assembled by the main company. For Tanzania to achieve reasonable development towards industrialization it is important
to meet and ‘think up’ on industrialization strategies and divide among themselves the opportunities. This will improve
the market share of the local engineers and increase competitiveness of Tanzania with other countries.
2.8 Textile Engineering and Clothing Manufacturing
Textile and garment manufacturing can be considered as one of the opportunities available to Tanzanian Engineer. It
should be noted that in the 1980 Tanzania trained many textile engineers who are currently idle due to the collapse of the
textile industry. Brainstorming is important to bring the engineers together to chart out the way forward towards revamping
of the textile and garment manufacturing industries.
2.9 Mining and Mineral Processing
Tanzania is very rich in mineral resources and it goes without saying that a mine is an engineering enterprise. It is therefore
important for the Tanzania Engineers to set up strategies to take a market share on the industry and not just participate as
mere employees.
2.10 Generation of Mini Electric System
The nature, topography, climate of the country of Tanzania provides unlimited opportunities to generate and sell electricity.
Engineers are therefore encouraged to sit down and brainstorm on the opportunities and techniques to ensure establishment
and ownership of electricity generating enterprises. Generation in Mini Electric Systems may go hand in hand with
establishment of industrial parks.
2.11 Other Opportunities
There are so many other opportunities not mentioned in this paper. Some of them may be obtained through
brainstorming exercises. Others may be obtained by observations and studies including examining papers presented in
this or other forums. It is important to brainstorm on how we can effectively take advantage of Technicians available in
the country.
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3.0 CONCLUSIONS AND RECOMMENDATIONS
Brainstorming is a very important undertaking for Tanzanian engineers, to participate effectively in order to provide a
leading role in the development of the industries. Brainstorming techniques should be introduced to IET, ERB, and ACET,
colleges and all Engineers and Technicians Groups. The ideas developed should be put into practice after developing
viable business and this will lead to development of business opportunities to Engineers, Technicians and other
Tanzanians.
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THE FEDERATION OF AFRICAN ENGINEERING ORGANISATIONS (FAEO) IN PERSPECTIVE
Eng. Laurent Ndalichako
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1.0

THE ORIGIN OF FAEO

At the General Assembly of 8th May 2012 in Nairobi, Kenya, it was unanimously accepted by the then Federation of
African Engineers (FAOE) and the AEF to establish a central united home for African Engineering Organisations in
solidarity under the name Federation of African Engineering Organisations (FAEO).
The FAEO constitution was unanimously accepted and adopted. The FAEO Constitution recognises five regional groups
to work under FAEO representing Africa at WFEO, The African Union (AU) and any other International Organisations.
The five regional groups are:
a) Central African Federation of Engineering Organisations (CAFEO);
b) Eastern African Federation of Engineering Organisations (EAFEO);
c) North African Federation of Engineering Organisations (NAFEO);
d) Southern African Federation of Engineering Organisations (SAFEO) and
e) West African Federation of Engineering Organisations (WAFEO).
This involved changing the name from AEF to FAEO, aligning to the FAEO Constitution and making minor adjustments
to the protocol, secretariat and operations of the former AEF. The context to the above move was inspired by the statement
by President Kwame Nkrumah in his first speech at the foundation summit of the Organization of African Unity, Addis
Ababa, 24 May 1963
“We shall accumulate machinery and establish steel works, iron foundries and factories; we shall link the various states
of our Continent with communications; we shall astound the world with our hydroelectric power; we shall drain marshes
and swamps, clear infested areas, feed the under nourished, and rid our people of parasites and disease. It is within the
possibility of science and technology “ENGINEERING” to make even the Sahara bloom into a vast field with verdant
vegetation for agricultural and industrial developments.”
The African continent is endowed with a variety of minerals and natural resources which remain largely underdeveloped,
underutilized and untapped due to various negative influences that include:
a) Lack of access to clean and safe water;
b) Poor sanitation;
c) Lack of access to safe affordable, reliable and clean energy;
d) Poverty and diseases;
e) Lack adequate housing;
f) Historical and current local political and social instability;
g) Environmental challenges, caused through both natural and human interventions;
h) lack of local skills and technological expertise;
i)
Lack digital connection and communication
These are problems that can be addressed through engineering and other solutions. The FAEO strategic model of 6Es
Engineering Excellence, Education, Employability, Entrepreneurship and Engagement; strives to go a long way to achieve
the Africa we want. Globalization issues that often marginalize African countries due to economic policies driven by the
more developed countries of the world and consequential exploitation of resources and raw materials. African Countries
need to play a leading role in directing international funding agencies and structures, and need to ensure the principles of
affordability, sustainability, appropriate technology, transfer of skills and local capacity into account.
2.0

THE BACKGROUND

The philosophy of an African Renaissance and the subsequent NEPAD initiative is aimed at developing the African human
and natural resources for the benefit of all in Africa and to enable Africa to compete in the global markets according to
current best practice principles, including codes of good conduct and environmental awareness and responsibility.
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The demands of the philosophy of sustainable development can only be met if the principles of sustainable engineering
are adhered to. This concept prescribes striving for appropriate, affordable and sustainable engineering services and
infrastructure within the local environment. This concept in turn necessitates the development and maintenance of
indigenous scientific and technological skills and expertise supported and facilitated by the key stakeholders including
government, private enterprise, academic and professional structures.
Since Engineering knows no human-made or geographical boundaries, Africa and its people have to share many issues
and challenges of common interest. In the global economy of the 21st Century, engineering professionals play a key role
in the overall economic development activities of countries and regions but only when the role of the engineering
professional is well understood and utilized.
This holds true for both developed as well as developing countries. In the developed world the challenges are mostly to
maintain the ageing engineering infrastructure. However, in much of the developing world the available pool of
engineering skills is typically below critical mass and economic development and even important basic human needs that
rely on engineering, such as potable water supply and sanitation issues, lack technical expertise to address these issues.
FAEO 5-year plan- engineering for sustainable development to achieve the Africa we want.
On the other hand, indigenous science, engineering and technological capacity is needed to ensure that international aid
funds are appropriate, and utilized effectively and efficiently, through initial project implementation and long-term
operation and maintenance to ensure the transfer of skills and the development of capacity to operate, maintain the entities
that were created and even implement future projects.
A sufficient pool of engineering professional can therefore enable a developing country to address the UN‘s Sustainable
Development Goals effectively, including poverty reduction, safe drinkable water, sanitation and so forth. In order to
create or develop and maintain a sustainable engineering related work force in all countries, education and training as well
as informed decision makers in Governments at all levels and in the private sector, there is a substantial need to mobilise
expertise to ensure that this goal is achieved. FAEO is dedicating its efforts to assisting countries to engage at all the
various levels of capacity building to effectively create sustainability and for developing countries to have an equitable
place in the global marketplace, by means of suitable and appropriate.
3.0

FAEO VISION, MOTTO AND MISSION

The Vision is: To be the leading engineering professional body offering sustainable development solutions for the benefit
of humanity in Africa and beyond.
The Motto is: Achieving the AU Agenda 2063 through Engineering Excellence for Sustainable Development to Achieve
the Africa we Want.
The mission is:
a) To serve humanity through the use of and innovative technologies.
b) To represent the engineering profession in Africa and internationally.
c) Promote the value of engineering in society as the unified voice of the profession in FAEO;
d) To contribute resources and synergise expertise in partnership with key stakeholders to of sustainable development.
e) Ensure an appropriate level of efficient human resource capacity in the built environment professions but in particular
engineering, to enable Africa to achieve sustainable development for all its people.
4.0

VALUE SYSTEMS FOR FAEO

FAEO is premised on a value system that is accepted and acknowledged by its members, these include:
a) Ethics, transparency and professional conduct;
b) Sustainable development principles for engineering solutions;
c) Respect, Diversity and Inclusivity; and
d) Holistic education and training for capacity building.
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5.0

FAEO STRATEGIC THRUSTS

The FAEO strategic thrusts are premised on the following:
a) Professional Thrust.
b) Public Thrust.
c) Socio Economic Thrust.
d) Organisational Thrust
6.0

THE FAEO MANDATE

The FAEO shall support and represent the African engineering profession locally and worldwide by:
a) Encouraging and supporting FAEO theme leaders to organize international webinars, workshops and seminars related
to their work within the strategic plan.
b) Developing and promoting Engineering and Capacity Building policies, strategies and practices for sustainable
development.
c) Drafting practice guidelines, standards and policies related to Engineering.
d) Participating as the FAEO representative at all national and international fora including the UN System, AU and
WFEO.
e) Implementing our governance policies and rules of procedure.
f) Adherence to our Constitution and Resolutions of the Board, Executive Council and General Assembly Properly
constituted as an international nongovernment organization Represents the interests of all engineering practitioners
in Africa
THE FAEO EIGHT PILLARS FOR ACTION, THE 8i’s

7.0

The FAEO vision 2063 and its 2019-24 strategic plan are inspired by the pillars of the 8i‘s below.
1. Inspire and Encourage young people and women – To consider engineering as a career of choice.
2. Innovate Graduate Outcomes - Agree with educators, government, industry and review them regularly to catch
up with shifting trends (especially I.R. 4.0 and intercultural competences).
3. Infuse Global standards and trends to create the Africa we want - for engineering education and practice via a
relevant continuous professional development.
 Establish an African platform for engineering standards which are aligned to the International Engineering
Alliance (IEA) – Education and professional development, under auspices of Professional Engineering
Institutions, FAEO, WFEO, AU and UNESCO.
 Create Partnerships and stakeholder engagements – with international standard setting organisations for a
consistent international framework for cooperation.
 Support – development of national engineering education systems to comply with agreed standards.
4.
5.
6.
7.

8.

Instil a Capacity Building mindset for accreditation of engineering education and certification bodies and
professional engineering institutions (PEIs).
Initiate and develop professional development pathways and harmonised CPD recognition frameworks so that
graduates meet employer needs.
Internationalise and nationalise registration of engineering professionals for recognition of qualifications and
experienced of practising engineers.
Interact with international development agencies as well as liaison with national governments and PEIs to
establish consistent regulation policies for engineering practitioners throughout Africa.
Insist on periodic progress reporting, continuous reviews and quality assurance systems - to WFEO, IEA, AU,
UNESCO and other international organisations The strategic activities are to develop and promulgate
appropriate Engineering and Capacity Building practices in African countries in engineering and related
industries and engaging with the appropriate United Nations agencies, international non-government
organizations and national members of FAEO to provide strategies for the going concern, service delivery and
leadership in engineering. 8.0 FAEO Strategic Focus on the SDGs.
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8.0

FAEO STRATEGIC FOCUS ON THE SDGs

As indicated from the UN Secretary General ‘s quote below, Engineering plays the best enabling role to achieve the SDGs.
As a result, FAEO will focus on key SDGs through its STCs and other MoUs and international co-operation to achieve its
objectives
9.0

STRATEGIC ACTIVITIES AND TANGIBLE OUTCOMES

The Objective of the Federation shall be to develop, in the spirit of African unity, direct relationships between its several
member organizations on a basis of mutual understanding, so that their activities may be fostered and directed to the
greater public good and, in particular:
a) To establish appropriate standards of engineering education.
b) To support the advancement of knowledge in critical areas required for development.
c) To build engineering resource capacity in every country.
d) To promote the development of standards of professional engineering practice appropriate for the continent and share
knowledge on best practice.
e) To promote the adoption of appropriate regulatory framework in each country to ensure that only qualified
practitioners operate.
f) To promote the adoption of high standards of ethical behaviour.
g) To promote the advancement of engineering science and practice and their applications for the benefit of mankind.
h) To advance the common aims and objectives of its member organizations.
i) To support the work of each member organization in its own territory.
j) To provide a focal point for the expression of the professional engineering opinion of its member organizations.
k) To collaborate with other national and international organizations, as it may think fit, to support and supplement their
work.
Through these Strategic Objectives the FAEO aims to:
a) Be recognized as the respected and reliable source of advice and guidance on engineering capacity building
b) Be at the forefront of international engineering and capacity building efforts
c) Improve the visibility/ presence, and stature of FAEO, and attain support of National and International engineering
Organization
d) Continuously improve the work and quality of the FAEO outputs and outcomes.

10.0

TANGIBLE OUTCOMES

The Strategic Plan is organized into themes, using the mission and objectives of the FAEO as the context for the work.
The following are the themes for 2019-2024.
The following are the themes for 2019-2024 which will produce tangible outcomes.
1. Implementing the FAEO Vison 2063 to create Partnerships, Co-operations, Global Alliances and Networking to
achieve the Sustainable Development Goals (SDGs) to achieve the Africa we want.
2. Engineering and Capacity Building in African Countries.
3. Engineering and Capacity Building Awareness, Training and Development of Systems.
4. Engineering and Capacity Building Projects and co-operative initiatives.
5. Engineering and Capacity Building Publications (webinars, newsletters, magazines).
Alliances and partnership are crucial in addressing the Sustainable Development Goals (SDGs). The FAEO has placed
this issue on top of its priorities. There are a large number of initiatives initiated by international organisations to address
engineering capacity building in Africa. This issue is on the agenda of every stakeholder such as Governments, business
associations, funders and donors, international organisations, etc. For this reason, the FAEO has sought, from the early
beginning, to learn about ongoing initiatives in order to identify partners and join forces with them.
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11.0

KEY PERFORMANCE INDICATORS OF REGIONAL LEADERSHIP.

The key FAEO performance indicators are as follows:
a) FAEO ‘s view is sought out by governments and international agencies.
b)

FAEO has identified key international issues to which the engineering profession can contribute e.g. water supply
and quality, security of infrastructure against major climate events.

FAEO ‘s committees will have developed high quality public policy statements, in their areas of expertise, which will
assist governments and international agencies.
d) FAEO office bearers‘throughout the world actively promulgate the public policy statements.
c)

e)

FAEO members actively promote WFEO policy statements to their own governments.

f)

FAEO members promote membership benefits to other national engineering organizations to reach a membership of
over 38 by the year 2021, 50 by year 2025 and all FAEO 5-year plan- engineering for sustainable development to
achieve the africa we want 22 African members by year 2030.

g) FAEO maintains an interactive web system to enable policy statements to be formulated and promulgated quickly.
h) FAEO cooperates with like-minded bodies.
i)

FAEO coordinates the worldwide improvement of the ethical behaviour, image and recognition of engineers.

j)

FAEO committees will support the engineering profession in leading the alleviation of poverty and promoting
sustainability throughout the world
.
12.0
OPERATING PRINCIPLES
The FAEO STCs shall engage in a facilitating role among its members and the FAEO community. Where necessary, this
role may include leadership and coordination among members and other committees the FAEO.
The FAEO will conduct its business in a transparent, inclusive and consultative manner among its members as well as the
other committees and structures within the WFEO by:
a) Working with local organizers to organize projects and advance progress on the themes
b) Inspiring and empowering our theme leaders and project participants, treating each other fairly and respectfully and
fostering teamwork and collaboration
c)

Encouraging collaboration among committee members as well as other standing committees of the FAEO and WFEO
as appropriate

d) Focusing on concrete and measurable deliverables/outcomes and tracking progress
e)

Communicating in an open, forthright and timely manner

f)

Reporting to, and liaising with, the WFEO Executive Board and Council on matters

affecting Africa.

The FAEO 2019-2024 Strategic Plan focuses on themes to improve the utilization of limited financial and volunteer
resources and enable more progress
13.0

FAEO STRATEGIC GOALS OPERATIONAL PLANS

The Strategic goals have been developed based on our vision, mission, values and long-term objectives. The strategic
goals provide the basis for the development of our business, operational and implementation plans. The strategic goals are
as follows:
1) Facilitate engineering practice across national borders through promoting bilateral and multinational agreements.
2) Develop a sufficient competent base of relevant engineering workforce through quality education, capacity and
capability development initiatives especially engineering education and accreditation of programmes to
internationally acceptable standards and levels.
3) Promote ethical leadership, professional conduct, diversity and inclusivity.
4) Develop a Special Purpose Vehicle and internal FAEO Capacity to Implement special projects.
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5) To become a self-sustaining, transformed and coherent organisation that is capable of delivering the impact desired
by its stakeholders, members and society and keep its focus on capacity development in engineering for FAEO
countries through Partnerships.
6) Proactively engage governments and key stakeholders in guiding public policy at national, regional and international
level on matters related to engineering for sustainable development.
7) Facilitate the capacity building of PEI‘s through expanding FAEO services and membership and support for FAEO
programmes and activities (including PEI regulation).
8) To be recognized as the respected and reliable source of advice and guidance on issues that relate to engineering and
technology (thought leadership)
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Session 4:
WATER AND WASTEWATER
INFRASTRUCTURE DEVELOPMENT AND
MANAGEMENT/ ENVIRONMENTAL
SUSTAINABILITY AND CONSERVATION
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MEASURES TO MANAGE URBAN RIVER SYSTEMS FOR BETTER MITIGATION OF FLOOD
PROBLEMS IN TANZANIAN CITIES/TOWNS
Eng. Charles S. Ogare1
Dar Rapid Transit Agency (DART)

ABSTRACT
Flooding is a situation in which water temporarily inundates land where it normally doesn’t. Flood
occurs when a stream runs out of its confines and submerges surrounding areas. Floods all over the
world cause enormous damages every year to the economy and the natural environment, and disruption
of daily life. Combinations of factors along with exceptional precipitation lead to flooding. The more
extreme weather (rainfall intensity) associated with climate change further aggravates the frequency and
severity of the water rushes. Though some methods of flood control have been practiced since ancient
times, this paper proposes measures/methods that can be used in mitigating or prevention of the
detrimental impact of floods on lives and livelihoods of people in our cities/towns. Under the current
government set-up, the formal arrangement of bodies that make decisions, take actions or are affected by
the decisions and actions is not clear as there are many players. By having good management of our
urban river systems, the cities/towns and their people can transform the urban river corridors from flood
hazard causatives into opportunities. The paper concludes by proposing the establishment of a strong
authority for management of urban river systems in order to mitigate the effects of urban flooding
problems in Tanzanian cities and towns.
Keywords: Flood, flooding; urban river systems; urban development; solid waste; precipitation;
drainage
1.0

INTRODUCTION

Flooding is a situation in which water temporarily inundates land where it normally doesn’t (Wikipedia). This water comes
from the sea, lakes, rivers, canals or sewers. It can also be rainwater. A flood occurs when a stream runs out of its confines
and submerges surrounding areas.
Floods all over the world cause enormous damages every year such as economic damages, damage to the natural
environment and damage to national heritage sites. About 90% of the damages caused by natural disasters (excluding
droughts) are caused by floods and associated water flows. The floods are responsible for the death of almost twice the
number of people as tornadoes and hurricanes put together. Social and economic costs of floods have risen in recent
decades and the trend is continue to rise if an action is not taken. By 2017, natural disasters related to water caused
worldwide losses of US$ 306 billion. Between 1980 and 2016, 90% of natural disasters were climate-related. In 2016,
31% of global losses were due to storms, 32% attributed to flooding and 10% to extreme temperatures (Alcoforado, 2018).
In less developed countries, humans are particularly sensitive to flood casualties because of high population density,
misinterpretation of zoning regulations, inadequate flood control structural measures, and lack of emergency response
infrastructure and early warning systems. In industrialized countries, the loss of life is usually lower because of flood
control structural measures, zoning regulations that prevent the habitation of seriously vulnerable lands, and emergency
preparedness. Still, property damage and disruption of life takes a great toll, and despite flood control structures and land
use planning, floods still do occur.
As towns developed into cities and industrialisation takes hold, exploitation of the river increases and pressures on
ecosystem services increases to the point where they become unsustainable resulting into damages. The cities began to
significantly affect the urban rivers and catchment areas through water and land demands, solid waste and wastewater
disposal, excess runoff and dams in addition to all other pressures on land-based ecosystem services. As cities encroach
on the natural flood storage and conveyance of rivers, so flooding of the high value properties which have been built in
the floodplains are becoming major issues.
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2.0

PROBLEM STATEMENT

Tanzania like any other countries in the world do experience the flood damages; for example, on 21 Jan 2014, heavy
rainfalls caused flash floods in the Dumila/Dakawa area in Tanzania's Morogoro region, which displaced over 10,000
people and destroyed or damaged houses, roads, bridges, public buildings and crops. In mid-April 2014, extensive rainfall
over Dar es Salaam, Tanzania's largest commercial city, caused flooding in all of the city's districts, affecting an estimated
20,000 households, and caused 19 deaths. The floods also caused damage to transport infrastructure and houses whereby
the affected people had to be relocated into churches and school’s buildings for temporary shelter. The southern region of
Mbeya was also hit by flood during the weekend of 19 April, 2014, and at least three people lost their life in Kyela District
(OCHA, 27 May, 2014).
Since the start of the year 2020, flooding has continued or worsened across Tanzania. In recent events, floods caused by
heavy rains affected many parts of Tanzania, damaging roads in several regions and destroying/washing out an important
bridge in Morogoro. On 4th March, 2020, the flood caused some roads in and around the city of Dar es Salaam to be closed
which resulted to suspension of public transport services. Also, heavy downpours which occurred in Morogoro on 7 th
March, 2020 caused flooding in many parts of Morogoro town centre bringing with it a lot of debris and silt material that
covered most of the town areas. Removal of the silt material costed the Morogoro Municipal Council and the Morogoro
TANROADS Manager’s office a lot of resources in terms of money and time (FloodList, 5 March, 2020). Thus, this paper
discusses flood problems associated with urban river systems, and the better ways of managing the river systems in order
to mitigate flood problems in Tanzanian cities and towns.

Figure 1: Sediments coupled with debris brought down by Mkundi river in Morogoro municipality due to high
discharge that overtopped the river banks and flooding almost all areas of Morogoro municipal centre.

3.0

PAPER OBJECTIVES

The objectives of this paper are of two-fold, viz:
 To get knowledge on how urban river systems can cause urban flood problems in our cities and towns if they are
not properly managed; and
 To come up with recommendations on better ways of mitigating flood problems in Tanzanian cities and towns.

4.0

BRIEF LITERATURE REVIEW

4.1

General Causes of Flooding

4.1.1
Geological Perspective
The nature and hydrology of flooding varies according to geography and physiography of the area. From a geological
perspective, floods are a natural consequence of stream flow in a continually changing environment. Floods have been
occurring throughout Earth history, and are expected so long as the water cycle continues to run.
4.1.2
The Role of Precipitation
Streams receive most of their water input from precipitation, and the amount of precipitation falling in any given drainage
basin varies from day to day, year to year, and century to century. Water flowing into one part of the cycle (like streams)
is balanced by water flowing back to the ocean. But sometimes the amount of water flowing in to one area is greater than
the capacity of the system to hold it within natural confines which results into a flood.
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4.1.3
Coastal Flooding
Areas along coastlines become subject to flooding as a result of tsunamis, hurricanes (cyclonic storms), and unusually
high tides. In addition, long term processes like subsidence and rising sea level as a result of global warming can lead to
the encroachment of the sea on to the land.
4.1.4
Dam & Levee Failures
Dams occur as both natural and human constructed features. Natural dams are created by volcanic events (lava flows and
pyroclastic flows), landslides, or blockage by ice. Human constructed dams are built for water storage, generation of
electrical power, and flood control. All types of dams may fail with the sudden release of water into the downstream
drainage (Paquier and Goutal, 2016). Levee systems designed to prevent flooding can also fail and lead to catastrophic
flooding and loss of life, as we have seen during Hurricane Katina New Orleans.
4.1.5
Stream Systems
A stream is a body of water that carries rock particles and dissolved ions and flows down slope along a clearly defined
path, called a channel. Thus, streams may vary in width from a few centimeters to several kilometers. Floods occur when
the discharge of the stream becomes too high to be accommodated in the normal stream channel. When the discharge
becomes too high, the stream widens its channel by overtopping its banks and flooding the low-lying areas surrounding
the stream. The areas that become flooded are called floodplains.
4.1.6
River Siltation
Silt is a granular material derived from soil or rock of a grain size between sand and clay. Siltation is most often caused
by soil erosion or sediment spill. The particles become suspended in the river and accumulate on the riverbed.
Siltation is very bad news for our rivers and many of their inhabitants. The human development and engineering that
has squeezed rivers into straight lines is not good to our envir onment as it removes buffer zones of vegetation that
help prevent flood damage and erosion. When rivers are allowed to meander, they can better handle siltation and
develop new pockets of sediment-free habitat for aquatic species. In a paper published in the journal of Land
Degradation and Development, scientists at the Technical University of Munich argue that siltation will remain a
problem as long as rivers are straight jacketed and denied the freedom to twist and bend.
4.2

Urban Flooding Problems

4.2.1
Causes of Urban Flooding World Wide
Urban flooding is specific due to the fact that it is caused by lack of or limited drainage systems in an urban area. As there
is little open soil that can be used for water storage nearly all the precipitation needs to be transported as surface water or
by the sewage system. High intensity rainfall can cause flooding when the city sewage system and draining canals do not
have the necessary capacity to drain away the amounts of rain that are falling.
Urban flooding is caused by a wide range of reasons including the following:
(i)
Incidence of heavy rainfall in a short period of time (magnitude and frequency of precipitation);
(ii)
Increase in built-up area on flood plains which reduces area available for infiltration, and badly planned
construction of bridges, roads, railway tracts and buildings that hamper the flow of water;
(iii) Indiscriminate encroachment of waterways and absence in scope of over-bank flow - more migration into the
city leads into scarcity of land which lead to higher economic value of land. Hence, as many people cannot
afford buying the land, the consequences is the encroachment of water bodies as an alternative way of getting
cheaper land;
(iv) Pollution: Explosive increase in the urban population without corresponding expansion of civic facilities
such as lack of adequate infrastructure for the disposal of waste results in waste clogging the natural channels
and storm water drains. Thus flooding;
(v)
Illegal mining activities: Illegal mining for building material such as sand and quartzite both on the
catchment have damaging impact on the water body as the water holding/retaining capacity gets reduced
drastically;
(vi) Synchronization of runoffs from various parts of watershed;
(vii) Inadequate capacity of drains, channel network, and lack of maintenance of the drainage infrastructure;
(viii) High tide impeding drainage in coastal areas especially during heavy rainfall;
(ix) Unplanned release of water from dams: unscheduled or unplanned release of huge quantities of dam/reservoir
water leads to unanticipated floods;
(x)
Deforestation, and reduction in wetland area: It is widely recognised that wetlands play an important role
in the hydrological cycle, influencing groundwater recharge, low flows, evaporation and floods. Wetlands
can influence the peak flows, timing, volume and duration of floods. Forests play a pivotal role in the
hydrological cycle by affecting rates of transpiration and evaporation, and influencing how water is routed
and stored in a watershed; and
(xi) Policy issues: Lack of any agency to implement integrated flood control programs/schemes.
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(xii)

Land Demand: The demand for land and resources triggered by the growth of the cities has caused major
land use changes over time and the human impact of this urbanization is the main general cause of the
increasing frequency, duration and inundation depth of the rivers flooding.
(xiii) Lack of infrastructure: The existing infrastructure such as storm water drainage system is not proportional
to the population size.
4.2.2
Example of Challenges Causing Urban Flooding – A Case of the Dar es Salaam City
The river basins in the city of Dar es Salaam is prone to flooding and lives, livelihoods and assets are at risk. Though there
are many factors that can be blamed for this situation including global climate change, the following are main
environmental challenges that cause flooding in the city of Dar es Salaam:
(i)
Increase in the City Population - Dar es Salaam City is the Tanzania’s largest city, which is also a business hub
of the country. Dar es Salaam accounts for around 40 percent of the urban population. It is the third fastest growing
city in Africa, growing at an average rate of 5.8 percent annually. Dar es Salaam has a population of over 5 million
inhabitants and is expected to become a mega city with more than 10 million people by 2030. For many years the
city has been functioning as the capital of the country, with Government and Private Sector offices and industries
making it one of the fastest cities on the East African region. Since the 1970’s, rural-urban migration has
accelerated, Dar es Salaam has experienced very fast growth rates and this was accompanied by unplanned and
unfacilitated human settlement in the river valleys and basins. Over the last fifty years, this urbanization pressure
has gradually reduced the water retention capacity in the wider basins and has created various blockages for the
natural water discharge. As a result, the flooding events have become more frequent and more severe with
significant flooding events in 2009 and 2010 and with 42 lives lost in 2011. Many frequencies of high flood have
also been experienced since October, 2019 to date.
(ii)

Rivers Siltation Problem - One of the big environmental challenges for the City of Dar es Salaam is the prevention
of the loss or discharge of silts and top soils from Dar es Salaam City high lands and their deposition in the main
rivers and other streams around the city. The main rivers in Dar es Salaam are the Mpiji, Msimbazi, Kizinga and
Mzinga. Over-construction of buildings, deforestation in the watersheds of the rivers, geologically weak rocks and
road construction without due consideration of the environment, etc.; has caused increased run off, siltation of the
rivers and, consequently, reduced river flow and increased river siltation. The soil eroded causes further adverse
effects such as, occurrences of frequent floods and droughts in the river systems, changes in the rate of river flow
and rises in river bed levels. The problem of siltation has become the major concern in the Dar es Salaam. Sediments
coupled with debris, brought down by rivers and streams from the hills and homes, have increased the river bed
levels resulting in more frequent flooding.

Figure 2: Msimbazi river siltation problem and removal of siltation at Jangwani area along Morogoro road
in Dar es Salaam
(iii)

Solid Waste and Sewerage Management - The present problem had its beginning in the 1980s. Then the
population of Dar es Salaam grew faster than it could be serviced. Now, there are many problems in the city. But
the overwhelming one is waste. Solid Waste Management is a serious challenge for Local Government Authorities
in all parts of the city. It is estimated that city wide 40-60% of solid waste is not collected (Samwel Bubegwa,
2012). With a waste production of over 4,200 ton/day and a conservatively assumed collection ratio of 50%, this
means that about 800,000 tons of solid waste are buried, burned or illegally dumped (uncollected) annually. As
years passed more and more problems emerged. As the piles of garbage increased, streams and storm water drainage
system become the victim. In the rainy season the rubbishes are washed about the streets and eventually into the
streams and the storm water drains where it clogged the drains and increase the river siltation problem. When this
is happening the floods in the Dar es Salaam city streets also become more destructive. Solid waste dumping in the
river streams reduces the streams conveyance capacity and decrease in the streams’ depths. If no cleaning or
dredging operation is carried out with the rehabilitation/expansion/re-sectioning of existing canals, the depth will
decrease continuously.
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Figure 3: Debris brought by Msimbazi river during floods, stacked at Msimbazi bridge due to the river
siltation
4.2.3
How to Deal with Urban Flooding Problems
Understanding of what can be done about flooding involves examining how everyday urban activities exacerbate flood
risks, and how to reduce the inequitable exposure to flood risks at all scales from the individual household, local
governments to national governments and international river basin management. Understanding of the inter-relations
between both geophysical processes and human drivers and human victims at multiple scales is required.
Some of the common techniques used for flood control are the installation of rock beams, rock rip-raps, sand bags,
maintenance of normal slopes with vegetation or application of soil cements on steeper slopes and construction or
expansion of drainage. Other methods include dykes, dams, retention basins or detention. In many countries, flood-prone
rivers are often managed by construction of defences such as dykes, reservoirs and dams to keep rivers from overflowing.
When these defences fail, emergency measures such as sandbags or portable inflatable tubes are used. Coastal floods have
been controlled in Europe and North America with defences such as ocean walls or barrier islands that are narrow, long
strips of sand usually parallel to the coastline (Alcoforado, 2018).
In China, the Chinese government proposed a new model of urban development - the Sponge City. The “Sponge City” is
based on natural and ecological laws, which allows storm water to be managed with natural infiltration, natural retention
and detention, and natural cleaning facilities (Shuhan,Yongkun, Meihong, Ting and Ruining, 2018). In Japan, the Tokyo
Metropolitan Government (TMG) conducts a variety of river projects to protect citizens and their property from damage
due to flooding, storm surges, and landslides. The number of rivers currently under the direct management of the TMG is
61 class A rivers and two class B rivers, which together measure 494.82 km. In addition, the city office of the TMG also
controls 33 class A rivers and 13 class B rivers, which together equal 215.91 km (Sato, Masuhara, Machida, Yamamoto,
2012).
However, correction and prevention measures to minimize flood damage are supposed to be classified according to their
nature; into structural and non-structural measures. The structural measures correspond to the works that can be
implemented aiming at the correction and / or prevention of problems arising from floods. Non-structural measures are
those that seek to prevent and/or reduce the damages and consequences of floods, not by means of work, but by the
introduction of norms, regulations and programs that aim at, for example, disciplining land use and occupation,
implementing warning systems and the awareness of the population.
The boundary between formal and informal urban development tends to be particularly blurred in African cities. The city
of Dar es Salaam is a prime example where buildings have been erected outside formally regulated urban development, in
an ecologically precarious site. As a result, more and more people and structures are exposed to inundation, coastal erosion
and flooding. Some of the bio-climatic disasters may be amplified by climatic change.
4.3

Initiatives Taken to Mitigate the Flooding Problem in Dar es Salaam

Many initiatives have been taken by the Tanzanian authorities over the years to protect people from flood risks. Notable
in this respect is that in 2011 the Ministry of Lands (MLHHSD) gazetted the boundaries of a special planning zone between
Selander Bridge and Vingunguti as hazardous (flood prone) lands with the future function as a city park. Due to various
reasons, these initiatives did not enhance the situation on the ground. In response to these issues and within the context of
the Dar es Salaam Metropolitan Development Program (DMDP), PO-RALG in partnership with the World Bank and the
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UK Department for International Development’s (DFID), have allocated USD 20 million from the Tanzania Urban
Resilience Program (TURP) to “finance flood mitigation efforts in the Msimbazi basin, which will include both structural
and non-structural measures and take an integrated approach to rehabilitation in the Msimbazi basin. This will include
flood control measures but also capitalize on the Ministry of Lands, Housing and Human Settlements Development’s
(MLHHSD) plan to transform the river into a linear city park that would provide much-needed public space in the city”.
However, these initiatives are only dealing with the Msimbazi River leaving other major rivers and streams unattended.
Other initiatives that have been taken by the Tanzanian authorities include: improving drainage systems in all ongoing
construction projects; improving urban planning strategies, i.e. more surveyed plots, issuing of building permits and
preparations acceptable building plans; and demolition of structures constructed along riverbeds or without building
permits.
5.0

WHAT NEEDS TO BE DONE?

5.1

Measures/methods for flood control

Too often urban flood management is marked by a narrow view on floods, concentrating on hydraulic and engineering
aspects of flood management while ignoring spatial, ecological, political and socio-economic aspects and risks. By
increasing people’s resilience to floods, it will be argued that only the combination of spatial, technical and organizational
measures will lead to a more sustainable and effective management of urban flood risks. This paper proposes
measures/methods that can be used in reduction or prevention of the detrimental effects of flood waters in our cities.
5.1.1
Reforestation
Conducting preservation and growing of the natural forests in the upper catchment areas through reforestation, i.e. the
Kazimzumbwi forest reserve and Pugu Hills forest reserve for the city of Dar es Salaam is one of the essential measures
required in dealing with flood control. Preservation of natural forests will help in retaining and absorbing rain water,
thereby shielding nearby areas from the effects of heavy rainfall.
5.1.2
Promotion of Local Infiltration and Local Retention in the Rivers Corridors
In many city areas, green space is considered a luxury. On the ground, most of the areas are paved with concrete that is
not permeable and therefore do not absorb rainwater. It blocks it and redirects it to the drainage systems which, in turn,
often become clogged and then the water overflows into the streets and sidewalks. Unchecked, this will cause flooding. It
is recommended that impermeable surfaces be replaced with permeable materials such as grass and gardens. This will
allow the rainwater to drain into the soil, the process known as infiltration.
5.1.3
Vegetation of Flood Plains and Banks
Proper vegetation will help to mitigate erosion of the banks and vegetation of the floodplain will promote a more stable
main channels cross section.
5.1.4
Controlled Sand Mining from the Rivers
Sand mining from the rivers is sometimes essentially to remove sediments from the river systems. However, sand mining
needs to be well controlled in coherence with the ‘sediment demand’ of the river, to avoid excessive sedimentation or
erosion downstream.
5.1.5
Conduct River Dredging
At present, there is a surplus of sediment in most of the river systems due to prolonged human activities upstream and
around the river systems. Therefore, conducting dredging for at least once every year is essential as it helps in maintaining
required level of sediments in the rivers. The sediment in the form of sand yield from the dredging can be sold and used
for construction projects which are going on in many parts of our cities.
5.1.6
Enforcement of land conservation
Land losses by erosion should be counteracted by adequate enforcement of formal land conservation legislation. This
means based on erosion hazard profiles per area, detailed zoning plans can be developed for the Special Planning Areas
in the upper, middle and lower reaches of the river systems.
5.1.7
Create flood plains and overflow areas for rivers
By retaining water, floodplains can buffer the effects of heavy rainfall and in this way, protect economic activities and
communities further downstream from flood damage. However, many former natural floodplains are under increased
pressure from urban sprawl, infrastructure developments and agriculture. It is estimated that more than half of these
floodplains have been lost during the past years or are no longer able to serve as functioning natural ecosystems providing
flood risk reduction and habitats favouring a high biodiversity. The restoration of healthy ecosystems, is often a very
effective way of preventing and mitigating floods. By 'greening the grey' and making a network of green infrastructures,
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the necessary protection levels can be combined with a minimum loss of habitats and a good preservation of ecosystem
services.
5.1.8
Construction of Upstream Storage Reservoirs/Retention Ponds
Retention in the upstream and middle reaches of the river systems is very effective for peak flow reduction in combination
with long-term water storage. Such retention is helped by construction of storage reservoirs/retention ponds with sediment
traps (including feasible removal). Retention for peak our reduction can be obtained by structures ranging from a low dam
across the river, which overtops after it has been filled up (no structures) to a full-edge reservoir with regulating structures.
5.1.9
Installation of Rain Water Harvesting Facilities at the Houses/Buildings in the Rivers Catchment Areas
The vast number of houses and other buildings that drain the rainwater directly on the river systems, can be equipped with
roof rainwater collector barrels and water tanks. After the rains, each house/building can use the collected water when
needed. When implemented properly, such harvesting can significantly reduce the peak flows and provide for hundreds
of thousands of m3 of relatively clean water.
5.1.10 Channelization of Rivers
Channelization is a method of river engineering that widens or deepens rivers to increase the capacity for flow volume at
specific sections of the river. In view of the fact that water runoff has increased as a result of built-up and paved areas in
the cities, it is evident that the conveyance capacity of the rivers is not sufficient to cater for the large rivers discharge rates
after extreme rainfall events. Therefore, river channels need to be widened and deepened in order to cater for the increased
amount of runoff.
5.1.11 Enlargement of Bridge Openings
Many bridges were built at a time when they had sufficient capacity to carry out the existed downflow. In view of the fact
that water runoff has increased, these bridges are not having enough openings to allow for smooth downflow. These
infrastructure crossings are, therefore, causing floods during peak floods and siltation of the river channels and flood
plains. Enlargement of the bridge’s openings are therefore essential in increasing the capacity of the bridges to carry
through downflow without causing floods, siltation and damages
5.1.12 Removal of Obstacles to Flow in the Floodplain Areas
Structures that are constructed in the floodplain or water ways, reduce the water carrying capacity of the waterway and
may contribute to flooding. Make sure that all controlled and uncontrolled buildings or structures that are obstructing the
flow are removed. In Dar es Salaam for example, it is estimated that approximately 80% of all buildings are located in
unplanned areas (mostly in floodplains) (Hill and Linder, 2010) and the floods susceptibility area includes 400 square
kilometres of urban area, 3300 kilometres of road and at least 750,000 buildings ( IFRC,14 Nov 2016).

Existing Ulongoni “A” Bridge

Figure 4: In April and May 2020, Msimbazi river around Ulongoni “A” area was widened due to water erosion and
collapse of the river banks washing away some of the buildings that were constructed on the shore of
the river and its valley
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5.1.13 Detailed Zoning for the Special Planning Areas
Based on detailed flood hazard profiles per area, detailed zoning plans can be produced for the Special Planning Areas.
Such plans should indicate the desirable zoning for future buildings, as well as the remaining flood risks for present
buildings. The zoning will also indicate desirable land use and human activities to be allowed. Low, medium and highrisk areas can be developed as part of the community tool kit for flood resilience.
5.1.14 Improve Solid Waste Management: Stop Dumping in the Water Channels/Streams
Since the indiscriminate dumping of solid waste critically impairs the conveyance capacity of the drains, improving the
drainage infrastructure alone without considering solid waste management would be a waste of resources. Therefore, apart
from the important adaption options in the infrastructural changes, behavioural changes including improved solid waste
management with segregation at source and separate collection of different types of waste for proper disposal (not
disposing it in the river and drainage systems) is very important in helping the cities in reducing flooding and waterlogging
risks.
5.1.15 Improve Flood Warning Mechanisms
For the short-term, but also for the longer-term (acknowledging that a residual flood risk will still exist after
implementation of other interventions), flood warning mechanisms should be instituted. Properly conveying advance
warnings of impending storms and floods will not only give people the opportunity to be proactive in preventing damage
to their property, it will save lives. The availability of an adequate early warning system and disaster response plans will
help the communities to prepare for living safely in a low risk zone.
5.1.16 Enhance Decision-making and Actions for Urban Rivers Management
Under the current Government set-up, the formal arrangement of bodies that make decisions, take actions or are affected
by the decisions and actions is not clear as there are many players. In Tanzania, local governments are responsible for the
socio-economic governance and performance of the cities. They control land-use and impacts through strategic planning,
permitting individual developments, and by targeted investments, e.g. in redeveloping the cities’ infrastructures. They are
also responsible for parks, roads (including drainage), education, and waste collection and disposal among other functions.
But, they do not regulate or manage rivers, water resources, water supply and wastewater, flood risk management including
building flood defences, water quality or ecology. The Government also established the National Environment
Management Council (NEMC) for the purpose of undertaking environmental enforcement, compliance, review and
monitoring environmental impact statements, research and awareness raising. Though NEMC is dealing with
environmental management, it is not direct responsible for flood risk management.
On the other hand, Tanzania has been divided into nine administrative units corresponding to the nine major river or lake
basins. Basin Water Offices (BWOs) are responsible for regulating and planning the use of water resources, based on
the Water Resources Management Act Number 11 of 2009. This Act makes provision with respect to the management, use
and protection in Tanzania of water resources, i.e. water courses, surface water, groundwater and estuary waters. The Act
sets out fundamental principles of water use and conservation. It also states preferences in water allocation. The Act
provides for institutional and legal framework for sustainable management and development of water resources; to outline
principles for water resources management; to provide for the prevention and control of water pollution; to provide for
participation of stakeholders and the general public in implementation of the National Water Policy, repeal of the Water
Utilization (Control and Regulation) Act and to provide for related matters.
Also, on 1st July, 2019, the Rural Water Supply and Agency (RUWASA) was established by Act No.5 of 2019. The main
mandate of RUWASA is to sustainable plan, design, construct and manage water supply and sanitation services in rural
parts of Tanzania Mainland. In the city of Dar es Salaam and towns of Kibaha and Bagamoyo, the Dar es Salaam Water
and Sewerage Authority is responsible for operating and maintaining all water supply and sewerage services.
Another institution which is dealing with protection of environment and regulating the use of natural resources is the Rufiji
Basin Development Authority (RUBADA). It is a philanthropic Government organisation established by the act of
Parliament No. 5 of 1975 charged with multi-sectoral responsibility of promoting, regulating, co-ordinating, and
facilitating sustainable and balanced ecological and socio-economic development in the sector of energy, agriculture,
fisheries, forestry, tourism, mining, industry, transport, and environment in the Rufiji basin. The Government has also
established the Disaster Management Department under the Prime Minister’s Office along same reasons; this department
has committees at regional, district, ward and village levels. There are also pieces of legislation and policies pertaining to
the disaster management, environment and regulating the use of natural resources. However, these laws and policies have
evolved along sectoral lines, and many of them are either weak and/or lack cross-sectoral linkages. Other actors which are
also important for decision making in the urban rivers management is the Tanzania Roads Agency (TANROADS),
Tanzania Rural and Urban Roads Agency (TARURA), Dar Rapid Bus Transit Agency (DART) and Land Transport
Regulatory Authority (LATRA).
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The absence of a single regime or agency responsible for urban rivers management complicates decision-making and
management. It is clear that part of the urban flooding and siltation problems could have been avoided with better planning
and coordination between mandated Government institutions and between the Government levels. Therefore, it is proposed
that a strong authority should be established for management of urban river systems in order to mitigate the effects of
urban flooding problems.
5.2

Transform the Flood Hazardous Areas to Areas with Great Opportunities and Value for the Urban
Residents

Apart from flood control measures shown above, the cities/towns can look for ways of transforming the flood prone areas
from flood risk to icon of urban resilience, where its population can find open spaces for recreation; cool relief from the
climate change induced heat stress in the city/towns and have safe new opportunities at the edges of this river basin for
urban development functions.
6.0

CONCLUSION

It is evident that siltation of the river channels and flood plains caused by soil erosion and other factors such as illegal
dumping of solid waste have caused the rivers not having sufficient hydraulic capacity to cater for the increased water
runoff during extreme rainfall events in most of our cities and towns. Also, river crossings for rail and road infrastructures
cause a damming effect for flowing river water during extreme runoff. Most of these crossings have been built with closed
flood plain crossing bridge approaches and these structures have relatively small bridge underpasses. This results in an
insufficient hydraulic capacity for the river, hence flooding during peak flows. Urbanization pressure has also reduced the
water retention capacity in the wider basins and has created various blockages for the natural water discharge in the cities
and towns. As a result, the flooding events have become more frequent and more severe. It is also evident that these floods
have caused loss of life, great disruptions of peoples’ daily life and enormous damages to economy, natural environment
and properties of high value.
Various measures/methods have been proposed that can be used in reduction or prevention of the detrimental effects of
flood waters in our cities/towns. However, without strong single authority which is mandated with the task of managing
urban river systems, it is not possible to mitigate the effects of urban flooding problems in a sustainable manner. It is
therefore, recommended that the Government should seek at establishing an authority which is fully mandated in urban
rivers management.
7.0
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ABSTRACT
Desludging is considered a key step in urban sanitation improvement. Nevertheless, in most urban
unplanned settlements, desludging is performed in an unhygienic manner, risking public health. This
study used a combination of qualitative and quantitative methods to analyze the underlying factors for
unhygienic desludging in three urban unplanned settlements of Keko, Kipawa and Manzese in Dar es
Salaam, Tanzania. It was found that, 23.7% of the surveyed houses practiced unhygienic desludging.
Plot physical inaccessibility, outdated laws with low penalties, and the lack of routine data were found
to be key contextual factors. Furthermore, perceived inability to control unhygienic desludging among
community members and the lack of feeling of shame among those performing unhygienic desludging
are the key psycho-social factors. The weakness of the existing desludging technologies and skepticism
over the performance of manual desludging hand pumps comprises technological factors. On the other
hand, climate proofing has not been considered during the sanitation infrastructure design. It is
concluded that unhygienic desludging in Dar es Salaam may continue unless such factors are
considered and integrated in the sanitation improvement plans. Thus, the Climate Resilient Sanitation
Infrastructure has the role in reducing the drivers of unhygienic desludging practices in the study area.
Key words: Climate Resilient Sanitation Infrastructure, On-site sanitation, safely managed
sanitation, Unhygienic desludging, Unplanned urban settlements

1.0

INTRODUCTION

Desludging is recognized as an important strategy for urban sanitation improvement, particularly in unplanned urban
settlements (UN-Water, 2019;UNICEF & WHO, 2019). In Unplanned Urban Settlements (UUSs), land space for the
construction of new sanitation facilities to replace those filled up by accumulating Faecal Sludge (FS) is lacking (Strande
et al., 2014). Thus, desludging remains the only option to maintain the facilities useable(Strande et al., 2014). Nevertheless,
desludging services have remained inadequate in most UUSs. Residents in these areas, use sanitation facilities which are
full beyond their safety levels. Alternatively, they desludge them using unhygienic desludging methods thus posing public
and environmental health risk potentials (Strande et al., 2014).
Hygienic desludging plays an important role in sanitation service chain and the attainment of Sustainable Development
Goals (SDGs). The purpose of this study was to determine drivers of unhygienic desludging practices by investigating
contextual, psycho-social and technological factors influencing current desludging practices in UUSs of Dar es Salaam. It
is as an attempt to contribute to the call for more sustainable sanitation solutions appropriate for LMICs (UN-Water,
2019;IWA, 2019).

2.0

METHODOLOGY

2.1 Study area
The study was conducted in Dar es Salaam involving three Wards of Manzese, Keko, and Kipawa. The three wards were
randomly selected among UUSs from Ubungo, Temekeand Ilala Municipalities respectively. The Wards were selected
among UUSs where unhygienic desludging was reported to be prevalent (Brandes et al., 2015;Jenkins et al., 2015).
Generally, in Dar es Salaam, about 60% of residential plots are located in high water table. During the two rainfall seasons;
January to April and November to December, sanitation facilities are affected by rising water table(Brandes et al., 2015).
Data collection was undertaken between June and September, 2018, a low rainfall season ranging between 8.7 and 15.6
mm (URT, 2019).
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2.2 Study design
The study employed a cross-sectional study design employing a combination of both qualitative and quantitative methods
for data collection and analysis. Qualitative method involved key informants’ interview and Focus Group Discussion
(FGD) while quantitative research was conducted through household survey and observation of physical condition in study
areas.
2.3 Quantitative data collection
2.3.1
Sampling procedure
Quantitative method was employed in undertaking the household surveys. The sample size for the household survey was
estimated using the formula by Israel (1992) expressed by equation (1)
𝑛 = 𝑁/[1 + 𝑁(𝑒)2 ] … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … … (1).
Where: n = Sample size; N = Total population; e = sampling error.
The population used were projections from the 2012 National Census Report obtained from Municipal Councils. The total
population (N) for Kipawa, Manzese, and Keko was 224,140 people. Therefore, with a sampling error of 5%, using the
above formula, the sample size for the study was approximated to 400. The sample was distributed amongst the study
areas proportional to the population size. The sample sizes for Kipawa, Manzese and Keko were 133, 124, and 143,
respectively. Within the wards, the sample size was evenly distributed among sub-wards and systematic random sampling
was applied to obtain the study houses.
2.3.2
Data collection procedures
The household survey was conducted in Kiswahili using the questionnaire customized in the Epicollect5 software and
installed into smart phones. The questionnaire comprised mostly of closed-ended questions. Pre-testing was carried out
test the usability of smart phones, relevance, and flow of questions in the questionnaire. Data were collected by trained
field survey assistants from higher learning institutions who worked under the supervision of the principal investigator.
During data collection, plot accessibility was assessed by measuring the size of the access roads to the houses which was
done by pacing. An access road of 4 m width and above was regarded as accessible while a road width of less than that
was regarded as inaccessible (Mchome, 2017). The topography assessed the natural landscape of the area particularly
location of the plot whether located in flat or low land. Whether the house is located in the flat or low-lying area was
assessed by observing a terrain in relation to the possibility of parking a vehicle in the area. Lined pit referred to the pit
that is strengthened to prevent its wall from collapse. The assessment of pit lining was based on owner self-reporting.
Furthermore, toilets were further categorized as being wet or dry type depending on whether water is required for directing
excreta to the pit (wet) or categorized as dry when water is not required for directing excreta to the pit and water is not the
dominant anal cleansing material.
2.4 Qualitative data collection
2.5.1 Key informant’s interviews
Before the quantitative study, interview with 19 key informants from the Government and Non-Government Organization
was conducted. Six informants were drawn from Government, 3 were Vacuum tanker operators and 10 from NGOs that
implement sanitation upgrading projects in Dar es Salaam. A snowball sampling was applied for selection of NGOs until
the data collected became saturated.
2.5.2 Focus group discussions
Overall, the study conducted 6 FGD sessions; 2 sessions in each study area. Two sessions were planned because of
availability of financial resources and time. Plans were made to reach a maximum of 12 participants per session (Cook &
Crang, 2004)that could make a total of 72 participants for the entire study. However, 4 participants missed the sessions.
Therefore, in total 68 participants participated in FGD at a distribution of 23, 22 and 23 for Manzese, Keko and Kipawa
respectively. Participating in FGDs were the landlords (house owners), tenants, pit emptiers, community leaders (ten cell
leaders, Ward Councilor), and the Government Officers particularly the Environmental Health Officers (EHOs) and
Community Development Officers (CDOs) who steer sanitation programme in the particular Ward. Landlords and tenants
were selected randomly from the list of names of landlords and tenants proposed by each sub-ward chairpersons. Each
Sub-ward chairperson was requested to propose 3 names for each group of landlord and tenants from their areas. The
selected individuals were asked for their consent to participate and were informed of the participation being voluntary.
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2.5

Data analysis

Quantitative data was analyzed to describe the current desludging situation and associated factors using bivariate analysis
with X2-test. In order to predict factors associated with unhygienic desludging practices, a model-based approach was
adopted where two models were run; the logistic regression model for quantitative data and the IBM-WASH for analysis
of qualitative data. With the logistic regression analysis, a model of the form 𝑙𝑜𝑔𝑖𝑡(𝜋) = 𝛼 + 𝛽𝑋 + Ɛwas run. In the
formula, π is the probability of using unhygienic desludging methods given a set of explanatory variables denoted as X; β
is a vector of regression coefficients, α is a reference group that represents individuals employing hygienic desludging
methods in every variable and ɛ is an error term (David and Lemeshow, 2000).The dependent variable was modeled against
various categorical variables that can be grouped as structural factors (e.g. type of toilet and lining), plot physical
accessibility, topography and demographics. As detailed by Jenkins et al., (2014) and Thye et al., (2011), the lined pit has
the potential of being desludged because of pit strength than non-lined pits which may collapse during desludging. Wet
type toilets generate less dense faecal sludge that can be easily pumped, whereas the dry toilets which accumulates dense
faecal sludge that is hard to be pumped. Plot physical accessibility and in particular, the distance from the vehicle parking
area, road width, and topography are other factors influencing desludging. Age, gender, education and socio-economic
status (SES) of the household head plays a key role in sanitation improvement(Dreibelbis et al., 2013); the influence of
these factors on desludging was also analyzed. All quantitative data was analyzed using SPSS version 20 and variables
were considered significant at p<0.05
In the analysis of factors associated with unhygienic desludging using IBM-WASH framework, the study performed
thematic coding under three dimensions of (Contextual, Psychosocial and Technological) across all five levels of IBMWASH framework (Societal/structural, Community, Interpersonal/household, Individual, and Habitual)(Dreibelbis et al.,
2013). Themes under each dimension and level were identified. The IBM-WASH model is an appropriate analytical
framework to use in this case study because it is both multi-dimensional and multi-scalar.
2.7 Ethical considerations
A written research permit with Ref. No: AB3/12(B) was granted by the University of Dar es Salaam. Permission for
collecting data in the field was sought from all levels of Government administration from the National level (Ministry
responsible for Health and the Ministry responsible for Regional Administration and Local Government) to the Sub-ward
level. At the residential house level, the purpose of the study was explained and verbal consent was sought after explaining
the purpose of the study, method and expected results. Interviewees were free to terminate the interview at any time they
wished. No personal identification was recorded but the GPS coordinates of the house location were taken.
3.0

RESULTS

3.1 House occupancy and demographics
A total of 395 respondents participated in the household survey (98.8% response rate). The number of respondents was
nearly equal across the study areas:123 (31.2%) for Manzese, 140 (35.4%) for Keko and 132 (33.4%) for Kipawa. The
majority of the respondents,204 (51.6%) were from residential houses occupied by both landlords and tenants; 118 (29.9%)
from residential houses owned and occupied by families and 73 (18.5%) were occupied by tenants. All but one reported
their highest level of education attained. Majority of the respondents, 240 (60.8%) had primary school education followed
by 94 (23.9%) who had attained secondary school education. Others29 (7.4%), 23 (5.8%) and8 (2.0%) had not attended
any formal education, attained higher-level education and attained informal education, respectively.
3.2 Desludging situation
A total of 190 (47.7%) reported having performed desludging in the past when the toilet was full. A seen in Figure 1,
unhygienic desludging is common in all study areas and nearly a quarter of the residents reported using unhygienic
desludging methods when their pits were full of faecal sludge.

Integrating Adaptation to Climate Change through Sustainable Engineering-Challenges and Opportunities |88

12th International Conference, December 3-5, 2020, Ngurdoto Mountain Lodge, Arusha, Tanzania

Unhygienic desludging
23.7

Across study areas
Kipawa
Keko
Manzese

Hygienic desludging
76.3

8.0
92
30.8
69.2
28.4
71.6
Percentage (%)

Figure 5. Distribution of reported unhygienic desludging across study areas
Table 1, shows an association between unhygienic desludging and various factors. Unhygienic desludging was common
in Keko and Manzese than in Kipawa. It is further seen from Table 1 that; unhygienic desludging is common in low lying
areas and is more common among residents lacking space within 30 m for vehicle parking.
Table 1. Association between unhygienic desludging and some variables across study areas
Desludging
Variable
Response
Unhygienic
Hygienic
Combined
X2-value
P-Value
category
n (%)
n (%)
(DF)
Study Area
Manzese
25 (28.4)
63 (71.6%) 88
9.336 (2)
0.009**
Keko
16 (30.8)
36 (69.2%) 52
Kipawa
4 (8.0)
46 (92.0)
50
Age group
18-40 Years
7 (23.3)
23 (76.7)
30
0.000 (2)
1.000
41-60 Years
17 (23.3)
56 (76.7)
73
15 (32.4)
49 (76.6)
64
61 Years
Sex of the landlord
Male
30 (23.4)
98 (76.6)
128
0.013 (1)
0.908
Female
15 (24.2)
47(75.8)
62
9 (17.6)
42(82.4)
51
14,000/=
Rent per/Month in TZS†
≤30,000
19(23.2)
63 (76.8)
82
1.351 (1)
0.245
9 (13.3)
50 (84.7)
59
31,000
Topography
Low lying
15 (42.9)
20 (57.1)
35
8.726 (1)
0.003**
Flat areas
30 (19.4)
125 (80.6)
155
Space for parking within No space
29 (42.6)
39 (57.4)
68
21.069 (1)
0.000**
30 m
Space
16 (13.1)
106 (86.9)
122
available
Plot accessibility
Inaccessible
37 (25.7)
107 (74.3)
144
1.330 (1)
0.249
Accessible
8 (17.4)
38 (82.6)
46
Type of toilets
Traditional
24(33.8)
47 (66.2)
71
7.534 (3)
0.057
Latrine
VIP Latrine
2 (10.5)
17 (89.5)
19
Pour flush
15(20.8)
57(79.2)
72
Septic tank
4 (14.3)
24 (85.7)
28
Toilet category
Dry type
22 (26.5)
61 (73.5)
83
0.649 (1)
0.420
Wet type
23 (21.5)
84 (78.5)
107
Pit lining
Partially lined
19 (26.8)
52 (73.2)
71
0.594 (1)
0.441
Fully lined
26 (21.8)
93 (78.2)
119
†
1US$ = Tshs 2,286.7. Bank of Tanzania exchange rate as of 3 rd September, 2018 available online at www.bot.go.tz
**statistically significant
Overall, in all Wards, Vacuum tankers were the most common desludging methods, (accounting for 75.4%), followed by
manual pit emptying (Figure 2). It is likely that there was under-reporting of flooding out practices. This could be
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Percent (%)

attributable to the fact that many toilets in the communities were observed to be connected with flood outlet pipes.
Residents claimed that they are using the pipes for discharging grey water, but it was clear that also FS was desludged this
way (Figure 3).
100
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Overall
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Figure 6. Type of desludging methods used across study areas

Figure 7. Flooding out pipes connected to the toilet pits (About here)

3.3 Determinants of unhygienic desludging using logistic regression analysis
Table 2 presents the logistic regression analysis results of predictors of unhygienic desludging. The parameter estimates
for most of the selected variables were positive, suggesting a contribution to the unhygienic desludging practice. As further
seen from the Table 2, lack of space for vehicle parking (including desludging vehicles) was a statistically significant
factor, thus suggesting that unavailability of space plays a key role in reliance on unhygienic desludging methods. Results
further indicate that residents in Keko were more likely to practice unhygienic desludging than other study wards. One of
the reasons for this observation in Keko is linked to the large number of houses that lack space for parking in this area. In
Keko 74/140 (45.4%) of residential houses lack space for parking. Table 2 further show that, residents who have attained
secondary school or higher-level education have higher odds of practicing unhygienic desludging than those who have not
attained any formal education. However, most of the independent variables were statistically not significant probably
because of the small sample size.
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Table 2. Logistic regression model on the use of unhygienic desludging methods (about here)
B

S.E.

Wald

DF

Exp (B) 95% C.I. for EXP(B)

P-value

Manzese
Keko
Kipawa

Ref
1.866
1.191

0.959
1.125

3.788
1.122

1
1

6.463
3.292

(0.987,42.316)
(0.363,29.839)

0.052
0..289

18 – 40 Years
41-60 Years
61 Years

Ref
1.158
1.054

0.899
0.771

1.659
1.871

1
1

3.182
2.870

(0.547, 18.527)
(13.003, 0.171)

0.198
0.171

Male
Female

Ref
-0.291

1

1.338

(0.348, 5.137)

0.672

1
1

0.810
0.185

(0.127, 5.172)
(0.039, 0.891)

0.823
0.035**

1

0.910

(0.253, 3.554)

0.892

1

2.438

(0.605, 9.827)

0.210

1

11.258

(2.967, 42.726)

0.000**

1

2.583

(0.58, 11.022 )

0.215

1
1
1

4.321
0.954
1.190

(0.278, 67.069)
(0.633,27.431)
0.151,9.352)

0.296
0.978
0.869

1

1.414

(0.352,5.675)

0.625

1
1

0630
0.005

(0.062, 6.437)

0.697
0.001

Study area

Age group

Sex
0.686 0.180
Education level
No formal education
Ref
Primary -0.211
0.946 0.050
Secondary and higher -1.685
0.801 4.428
House rent/Month in TZS
≤ 30,000
Ref
0.695 0.018
 31,000 -0.094
Topography
Low lying
Ref
Flat area
0.891
0.711 1.569
Space for parking within 30
m
Not available
Ref
Available
2.421
0.680 12.659
Plot physical accessibility
Inaccessible
Ref
Accessible
0.930
0.750 1.537
Toilet type
Traditional pit
Ref
VIP Latrines
1.461
1.399 1.094
Pour Flush -0.047
1.713 0.001
Septic tank
0.174
1.052 0.027
Pit lining
Partially lined
Ref
Fully lined
0.346
0.709 0.239
Toilet category
Dry
Ref
Wet
0.462
1.186 0.152
Constant
-5.380
1.64 10.757
Analysis of drivers of unhygienic desludging using IBM-WASH
3.4 Contextual factors
3.4.1 Societal/ structural contextual factors
Three structural factors were identified to contribute to unhygienic desludging: lack of monitoring and evaluation system
for desludging, lack of guidelines on installation of mechanism for identification of latrine filling up ahead of time, and
outdated laws that stipulate relatively low penalties against manual pit emptying and onsite disposal or flooding out.
Concerning routine monitoring of desludging practices, the study found that desludging services or practices are lacking
in the routine sanitation and hygiene monitoring and evaluation (M&E) system. As such the magnitude of the desludging
problem goes unnoticed.
It was further found that National sanitation and hygiene guidelines lack instructions on the installation of features for
observing when the pit is getting full especially for toilets with an offset pit such as pour-flush. As a result, residents are
unaware of when the pit becomes full and cannot, therefore, prepare financially for hiring hygienic desludging services.
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On analysis of regulations for desludging and faecal sludge management in general, the study found that regulations used
for the control of open discharge of faecal sludge through flooding out or onsite disposal through methods such as pit
diversion are outdated such that penalties are relatively low. Taking an example of the Ilala Municipal Council, penalties
for indiscriminate discharge of domestic wastewater as stipulated under the Local Government Act (LGA)of 2002 is TZS
50,000 (US$ 21.9).This penalty is lower than the minimum desludging costs of TZS 100,000 (US$ 43.7) posing risk of
violators to ignore the regulation (Mintz, 2014). In Tanzania, domestic wastewater discharges are regulated under the
Public Health Act (PHA) No.1 of 2009 where section 86 empowers Municipalities to enact bylaws concerning domestic
wastewater discharges (URT, 2009). The PHA stipulates a penalty of TZS 500,000 (US$218.7) which is 10 times higher
than the penalties the Municipalities currently charging.
3.4.2
Community level contextual factors
At community level, two main contextual factors were found to contribute to unhygienic desludging; characteristics of the
built environment and the natural physical environment. The built environment of the study areas is characterized by a
lack of space for parking vehicles. As residential houses resort to use of unhygienic desludging since large vacuum tankers
cannot access the plots. Space was observed to be an important factor because hygienic desludging in the study area
depends solely on vacuum trucks which require good access roads and space for parking. In another case, the physical
environment of the study areas is characterized by steep topography, low lying areas and high-water table. Low lying areas
influenced raining of FS to watercourses, and also make it difficult for the vacuum tankers to drive up a hill when full of
sludge (Strande et al., 2014). Residents in Keko and Kipawa reported frequent events of vacuum tankers failing to drive
up hills when full of sludge, especially during the rainy seasons. Figure 4depicts the observed concentration of unhygienic
desludging in low lying areas.

Figure 8.Map of Manzese ward highlighting the concentration of poor desludging practices in low lying areas
Furthermore, a high-water table was found to be a major contributing factor for reliance to unhygienic desludging. Because
of the high-water table, water percolates into the pit resulting into toilets filling up fast especially during rainy seasons.
Some residential houses are required to desludge every three months. This situation results in desludging being seen as
one of the very expensive services to incur.
3.4.3
Interpersonal or household contextual factors
With regard to interpersonal/household contextual level, unclear distribution of responsibility for desludging between the
landlords and the tenants was found to be the most important factor influencing unhygienic desludging. In rented houses,
responsible for desludging is usually not explicitly stated in any contract. The general practice is, therefore to share the
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charges for desludging between the landlord and the tenants. The challenge, however, emerges when one of the parties
does not have money at hand to contribute to the event when the toilet is full. In most cases, residents resort to releasing
little amounts through flooding out, until enough money is collected for hiring a vacuum tanker.
3.4.4
Individual level factors
The analysis of data found that, gender roles and wealth as an influencing factor in unhygienic desludging. Family
responsibilities for men influence intentions to act for sanitation improvement. In the study areas, it was observed that,
men spend most of their time in income-generating activities while women stay at home and carryout daily family-related
activities such as housekeeping, cooking and care for the young and those going to school. If the toilet is full and requires
desludging, men hardly see the urgent need to incur a cost for desludging as they spend much of the time outside their
homes. Landlords are concerned about facing difficulties in contacting male tenants for desludging cost-sharing. This
observation links to the prevailing unstable and fluctuating income flows among residents. The quantitative part of the
study found that across the study areas, only 206 (52.2%) had at least one family member with a bank account, most of
whom further reported to have only the minimum allowable balance in their accounts.
3.4.5
Habitual level contextual factors
At the habitual contextual level, it was found that, there is a reliance on toilets for management of culturally sensitive
wastes such as used menstrual pads and undergarments (Figure 5). Solid items are thrown into the pits which eventually
clog the desludging equipment, increase desludging time and leads to high energy consumption. Operators were reported
to discontinue pumping the pit content when they find large quantities of solid waste. Improvement of desludging in these
areas should, therefore, go together with education on the proper disposal and management of solid waste, especially taboo
ridden and culturally sensitive waste such as menstrual waste, which oftentimes are disposed of into the latrine pit
(Gabrielsson, 2018).

Figure 9. Solid items thrown into pits in the study areas
3.5

Psycho-social factors

3.5.1 Community level psychosocial factors
Two major psycho-social factors were found to influence unhygienic desludging at the community level: low collective
efficacy explained by perceived low ability among the community members to control unhygienic desludging practices
and lack of shared values about unhygienic desludging. Most residents in the study areas have low self-confidence in
controlling unhygienic desludging for two key reasons: First, the practice is widely spread and non-sanctioned in the
society. Moreover, even Government institutions, well off families and private institutions practice it. Some residents in
the study areas pointed out that many public institutions, including schools, apartments and even prisons practice flooding
out. Private actors such as owners of guest houses, hotels, and student hostels also adhere to the norm. Secondly, landlords
oftentimes silence tenants who would like to report unhygienic practices to the authorities by threatening them with
eviction. Residents thus perceive the problem as being out of their control.
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Furthermore, at the community level, the study found a lack of shared values around hygienic desludging as an important
underlying factor. In the study areas, unhygienic desludging is not considered a shameful behaviour and therefore, no
moral incentive for individual households to practice hygienic desludging. This lack of shared values in the community
could then explain the low demand for community-based initiatives to use, maintain and deliver Manual Desludging Hand
Pumps (MDHP) across communities where such technologies would be more contextually appropriate, accessible and
affordable to residents (Strande et al., 2014).
3.5.2 Interpersonal/household psychosocial factors
At the interpersonal/household level, aspirations for high performing technologies and services were identified as the main
factors linked to unhygienic desludging. Residents explained what they aspire of desludging equipment and the toilets.
The communities aspire for a technology that is capable of controlling spillage during desludging to protect children’s
health who usually walk with bare feet around the premises. The technology should also eliminate direct contact with
faeces for the workers and should minimize seeing and smelling the FS during the process.
The comments were given regarding the Gulper and the inability of vacuum trucks to pump sludge from some non-sewered
sanitation facilities. Thus, unhygienic desludging becomes a resort due to the aspired hygienic desludging methods that
are currently lacking.
3.5.3 Individual level psychosocial factors
At the individual level, limited knowledge of how vacuum tankers work was also identified as a key factor contributing to
the prevalence of unhygienic desludging. Vacuum trucks are seen as ineffective for desludging some types of non-sewered
sanitation systems existing in the community such as VIP latrines.
3.5.4 Habitual psychosocial factors
Timing of unhygienic desludging was also identified as one of the major psycho-social factors at the habitual level
contributing to the prevalence of unhygienic desludging. Across study areas, unhygienic desludging is performed during
the night and when it rains, taking advantage of the absence of inspections at these times. The practice has had negative
consequences for those using Manual Desludging Hand Pumps (MDHPs), as they have a low customer base, making the
business unprofitable. The introduction of desludging hand pumps in Keko has ceased because of lack of customers and
all Gulper groups that previously had been established were non-functional, thus leaving communities with only two
desludging options to choose from: vacuum trucks and manual emptying.
3.6

Technological factors

3.6.1 Societal/structural technological factors
At the societal/ structural level, it was found that skepticism among institutions on the performance of manual desludging
hand pumps and particularly the Gulper acts as a significant barrier against its wider promotion.
3.6.2 Technological factors at community level
At the community level, unavailability of services at the community level was found to be an important factor for overreliance on unhygienic desludging. In study areas, points, where residents can access services physically or can obtain a
phone number to call for safe desludging services, were lacking. This is contrary to other basic infrastructure services,
such as water supply and solid waste collection where water kiosk and solid waste collection centres have been provided
or identified respectively.
3.6.3 Technological factors at interpersonal/household level
Technological factors at the interpersonal/ household level that contribute to unhygienic desludging include the lack of
clear modality for accessibility and affordability to the technology needed for desludging, in this case, the need for costsharing for hiring desludging equipment. In rented houses, landlords take the lead for collection of contributions and decide
on the desludging methods to use or size of the vacuum truck to be hired. The problem arises when the toilet fills within a
short period of desludging. Tenants thus become skeptical about the amount of money paid to the operator or the size of
the vehicle hired. The dissatisfied tenants find it difficult to contribute next time the pit gets full. When this happens, toilets
stay full for a long time without being desludged or the landlord discharges some amount of FS to shrink the FS volume
and action famous in Kiswahili as “kupunguza”, or he/she may decide to wait for the pit content to shrink during the dry
season by itself.
3.6.4 Technological factors at individual level
At the individual level, the study found several factors that contribute to unhygienic desludging with the main ones being
perceived weakness of the desludging technology in pumping dense faecal sludge and perceived high cost of service
coupled with poor services. Residents perceived that vacuum tanker only pumps water and leaves the thickened FS in the
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bottom of the pit. Many residents, therefore, think that manual pit emptying is the most efficient desludging method of all.
The labelling of the vacuum trucks may be one explanation for this perception.
3.6.5 Technological factors at habitual level
It was found that the use of vacuum tanker is affected by ineffective operations leading to perceived high cost. Some
dishonest drivers are reported to arrive on-site with the tank half full of sludge from another place.
Because of all of these factors, desludging costs via vacuum trucks are consequently perceived as being exorbitantly high
among most residents in the study areas; and yet another reason for not hiring them, although they most likely desludge
the pits with the least health risks to the operators and the surrounding environment, compared to the alternatives.
4.0

CONCLUSIONS

Unhygienic desludging persists in UUSs of Dar es Salaam. Plot inaccessibility, outdated laws that stipulate low penalties
and lack of routine data that indicate the magnitude and trend of the problem were identified as key contextual factors
underlying the persistence. The study further found that perceived inability to control unhygienic desludging among
community members and lack of shared values against flooding out of FS as the key psycho-social factors maintaining
the status quo of unhygienic desludging practices. The prevailing reliance on unhygienic desludging is also exacerbated
by the weakness and low performance of the available desludging technologies, including vacuum trucks and small-scale
desludging equipment. Improvement in faecal sludge management particularly concerning desludging ought to consider
the multiple forces that hinder safe and reliable desludging. Necessary steps to start the improvement process is to make
amendments of Municipal bylaws to reflect requirements of the Public Health Act 2009 on flooding out practices. Other
steps include institution of routine monitoring for desludging services as well as investing in education and behavior
change to increase people’s understanding on sanitation facilities suitable to their local context and the available
desludging technological options. On the other hand, climate proofing has not been considered and factored in during the
sanitation infrastructure design. It is concluded that unhygienic desludging in Dar es Salaam may continue unless such
factors are considered and integrated in the sanitation improvement plans. Thus, the Climate Resilient Sanitation
Infrastructure has the role in reducing the drivers of unhygienic desludging practices in unplanned settlements of Dar es
Salaam, Tanzania.
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ABSTRACT
This paper addresses the existing gap relating to advocacy and measures to respond to environmental
effects from operation of aircraft and related CO2 engine emission and other greenhouse gases (GHG) in
the context of African continent and particularly the United Republic of Tanzania. The subject of aircraft
engine CO2 emission has been; and continues to be; a popular concern in the global fora but with little
or negligible progressive work in the African continent and in Tanzania, in particular. In the western
hemisphere, particularly the European continent; great deal of resources, research initiatives and data
acquisition methodologies have been implemented including operationalization of regional and subregional regulatory frameworks; action plans and programmes; aiming at ensuring that control measures
against environmental protection from aircraft engine CO2 emission are collectively ratified and
implemented. However, similar efforts are deficient in the African continent. In an attempt to fill this gap,
meaningful measures are proposed to be considered among professionals, academia and the wider civil
aviation industry. The strategy should be aimed at firstly; identifying areas for development of body of
knowledge in aviation environmentalism, assess institutional capacity needs for addressing aircraft
engine CO2 emission issues, adopting climate adaptation strategies relating to GHG emission from
aircraft and harness this apparently “novel” body of knowledge area in Africa. The intention would be
contributing towards environmental protection in civil aviation as promoted through strategic objectives
of the International Civil Aviation Organization (ICAO) and related standards. It is in this prospect that,
the author has delved into qualitative assessment of pollution from aircraft engine CO 2 emission for group
of commercial and general aviation aircraft registered in Tanzania. The Author has adopted the
principles that estimations of engine CO2 emission are based on civil aircraft types registered in the
Tanzania and therefore engine CO2 emission of foreign registered aircraft using Tanzanian airspace will
not form part of the populated data in this paper. In the end, the author has drawn conclusions and
recommendation from the analysis of data collected from fuel burn emanating from movement of aircraft
in the United Republic of Tanzania.
Keywords: Air Quality, Baseline Data, Basket of Measures, Carbon Dioxide, Environmentalism,
Emissions, Greenhouse Gases, Fuel Burn, Expected Results

1.0 INTRODUCTION
This paper is a result of the presenters quest to address the existing gap relating to research academic and practical
application of body of knowledge regarding the environmental effects of aircraft engine CO 2 engine emission in the context
of African continent, United Republic of Tanzania and its contribution in the global CO 2 emission of greenhouse gases
(GHG) on the one hand and promotion of aviation environmentalism as a concept on the other. The subject of aircraft
engine CO2 emission has emerged and continues to be subject for global movements and research. However, the subject
has received little or negligible comparative progressive work in the African continent and in the United Republic of
Tanzania, in particular.
In the European continent; a great deal of resources and initiatives have been taken through research, establishing regional
and sub-regional regulatory frameworks, action plans and programmes aiming at ensuring that control measures towards
environmental protection from aircraft engine CO2 emission are collectively ratified and implemented. However, similar
efforts are notably lacking in the African continent and in the United Republic of Tanzania, in particular. In an attempt to
address this existential gap, meaningful effrontery must be conceived and harnessed among professionals, academia and
the wider aviation industry to promote aviation environmentalism. The strategy should be to firstly; identify areas for
development of body of knowledge in aviation environmentalism, assess institutional capacity needs for addressing aircraft
engine CO2 emission issues, adopt climate adaptation measures in the context of Greenhouse Gases (GHG) emission
emanating from operation of aircraft and promote this “novel” knowledge area in the United Republic of Tanzania thus
contributing towards environmental protection as promoted by the identifiable strategic objectives of the International
Civil Aviation Organization (ICAO).
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It is in this prospect that this paper will delve into qualitative assessment of the degree and magnitude of environmental
pollution contributory from engine CO 2 emission of aircraft registered in the United Republic of Tanzania. The author is
aware of the principle that estimation of engine CO2 emission by any State shall be based on aircraft types registered in
that particular State and; therefore, engine CO2 emission of foreign registered aircraft shall not form part of the sample
data in determining State’s contribution in pollution or air quality estimates. In addition to that, in this paper the author
describes various methods for establishing and modeling of fuel burn resulting into emission of CO 2 in the operation of
aircraft.
2.0 BRIEF LITERATURE SURVEY
2.1 General
The fuel and engine emissions models are chiefly developed by using two approaches which relied on either (i) fuel
consumption inventories or (ii) engine emissions data.
There has been great achievement in modeling of pollution based on either consumption or engine emissions across the
world. Different research organizations, international organizations and governments have endeavored in developing
models and mathematical approaches for the purpose of estimating fuel burn and engine CO2 emissions. However, there
have been limitations in the accuracy and reliability of the models in the prediction of time dependent fuel burn for air
transportation at national levels due to variation in the modeling concept and integrity of the available data for model
development.
2.2 Fuel Burn and Engine CO2 Emissions Algorithm Models
2.2.1
Fuel Burn Modelling
The prediction of aircraft fuel burn was in early days derived from the basic concept of energy balance (B. P. Collins,
1980) expressed from a basic energy consumption algorithm as follows:
(Energy gain) – (Energy loss) = (Energy change)
This algorithm was presented in terms of aircraft kinetic and potential energy forms as;
f(ET) – f(ED) = f(∆EK) + f(∆EP)
Where ET and ED are thrust energy and drag energy respectively whilst ∆EK and ∆EP are changes in kinetic energy and
potential energy respectively. This theorem is premised on the concept of aircraft thrust and drag it experiences during
different flight phases including take off (TOF), landing or cruise operation phases. In aerodynamics, it is termed as aircraft
propulsion system which provides for the thrust that balances with the drag of the airplane when the airplane is cruising.
In order for the aircraft to roll and thereafter take off the thrust from the propulsion system must exceed the drag taking
place in the aircraft aerodynamics. Thus, the greater the magnitude of thrust energy against the drag energy the faster the
aircraft speed and take off phase of flight.
During this aerodynamics scenario, it is postulated that as fuel continuously burn during the flight phases, the aircraft
system balances the energy gains and losses thus enabling climbing, descent and cruising in the air. Furthermore, in the
derivation and modeling of the fuel burn model, Collins predetermined key variables which must was taken into
consideration for model derivation including aircraft configuration, aircraft gross weight and flight level. Other variables
such as aircraft velocity, altitude and time are considered to be input variables for the flight profile. The Collins model
(1980) subdivided flight levels incrementally into separation altitudes of 2000 feet during climb and descent operations
and 200 seconds time separation for the cruise phases. The idea was that fuel burn increases with increasing altitude or
time and phase of flight whereas energy consumption and fuel dissipation are inevitably experienced. The accuracy and
validation of the Collins fuel burn model was conducted using cockpit data recorders (CDR) and air traffic management
data for a given terminal control area.
3.0 PROBLEM DEFINITION
This paper intends to generate curiosity and strategies on the need to address the level and intensity of environmental
impact associated with the aircraft engine CO2 emission in the atmosphere within the United Republic of Tanzania. The
need is necessitated by the fact that aviation activities in Tanzania and elsewhere are dependent on consumption of fossil
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fuel such as aviation turbine fuel (JET A1) and aviation gasoline (AVGAS) classes of fuel which adversely affect
environmental and influence air quality and climate change. However, there is marginal or possibly non-existent research
associated with aviation sector which has been conducted to assess the extent and magnitude of greenhouse gas-CO2
emission in the Tanzanian environment. It is the intention of this paper to provoke development of body of knowledge in
the aspect of aviation environmentalism and thereby integrate contribution of aviation industry towards environmental
pollution and climate change. This paper delves into solely the carbon dioxide (CO2) emission on the environment. Other
constituents of greenhouse gases such as methane, nitrous oxide, chlorofluorocarbons (CFCs) and hydro fluorocarbons
(HCFC) shall not be discussed.
4.0 OBJECTIVES
4.1 Overall Objective
The overall objective is to establish the impact of aircraft engine CO 2 emission and fossil fuel burn on the environment
generated by aircraft operations and related aviation activity in the United Republic of Tanzania thereby determine
appropriate to enhance environmental protection and air quality through air transport industry and thus align with the
International Civil Aviation Organization goals on developing and maintaining Market Based Measures (MBM), Action
Plan for Emission Reduction (APER) including optimization of air navigation procedures for efficient consumption of
fuel.
4.2 Specific Objectives
The specific objective of this paper is primarily focused on the following objectives:
a)

To promote carrying out fuel burn and aircraft movement data collection, analysis and assessment on the level of
CO2 emission and fuel burn associated with the aviation activities in the United Republic of Tanzania;

b) To devise means and ways for assessing the impact of aircraft engine CO 2 emission on the air quality and its
contribution towards Climate Change in the United Republic of Tanzania;
c)

To promote concept of aviation environmentalism and developing predictive modeling and algorithm for the
CO2emission.

5.0 METHODOLOGY/MATERIALS AND METHODS
The methodology for addressing the subject of this paper is premised on the procedures and results on the estimation of
aircraft CO2 emissions in the form of data on fuel burn and engine exhaust CO2 emissions from the aircraft whose aircraft
whose data is available from the various aviation service providers in the Tanzanian aircraft register. The inventories are
crucial component in the assessment of the atmospheric and climate impact of aviation. The inventories make up the
backbone of this research proposal. It has been established that there is limited inventories to this effect within the United
Republic of Tanzania. Account of preliminary information, indicate that most inventories on the aircraft fuel burn and
CO2 emissions have not been attempted during the present and previous decades.
In this paper, the estimates from an up-to-date aircraft mission fuel burn and emissions inventory are presented and
analyzed and thereby develop action plan for emission reduction (APER) and determine appropriate market-based
measures (MBM), efficient use airspace procedures and alternative fuels in the context of Tanzania aviation industry. The
APER is a time-series tool developed by ICAO to forecast emission of CO2 from the aircraft operation at States level. The
Aircraft Fuel Burn and Emissions Inventory is intended to cover the composition of ﬂeet of aircraft registered in the United
Republic of Tanzania from 2006 to 2016 with projected forecast of fuel burn up to year 2050. The data and inventoried
information will be obtained from a combination of air traffic movement data, fuel uplift at aerodromes, aircraft engine
performance data for each type of aircraft and emissions calculation methods (fuel burn) proposed by ICAO.
The ICAO has developed and promulgated a time-series software Portal which has been used to develop, update and
maintain carbon reduction emission activities. In an effort to implement ICAO Assembly Resolution A-37-19, Tanzania
voluntarily complied by accepting the tasks and participation in ICAO Regional Workshops to develop States action plans
during year 2011. The workshops provided an insightful knowledge and hands-on capability in preparing and submitting
the action plan. The Action Plan preparation is a four steps process which should be followed within the ICAO APER
Portal and finally submitted online to the ICAO Secretary General through the ICAO Environmental Branch. The four
steps are indicated in Table 1 and Figure 1.
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Table 1: Steps for Forecasting and mitigating Effects of CO2 Emission from aircraft
Step
No
1

Action

Description of the Action

Background
information

This relates to the information of the point of contact who coordinates and conducts the
activities as points of contact

2

Baseline data
entry

The baseline scenario describes the historic evolution of fuel consumption, CO2
emissions, and traffic in the State and the expected future evolution in the absence of
mitigation action. This includes Include annual historic fuel consumption and traffic from
aviation from for a given period such as year 2020 to 2050

3

Identifying
basket of
measures

This includes mitigation measures to alleviate the effect of CO2 emission from aircraft
operation. This includes, the following among others:
i)
Efficient operations –data is obtained from the ATM providers from improved Air
navigation Services (ANS) provision efforts e.g. (Performance Based Air Navigation
PBN);
ii) Accelerated fleet renewal of airlines conducting international travels to and from
the state – Get this data from airlines e.g. NEXTGEN aircraft;
iii) Use of alternative fuels – Get data from refuellers on plans to use biofuels for aircraft
operation.

4

Estimation of
expected
Results

The measured results upon putting in place the basket of measures or in case of “donothing” scenario

Figure 1: Steps for Forecasting and mitigating Effects of CO2 Emission from aircraft
Upon completion of the above steps, the action plan was presented to the management of the Tanzania Civil Aviation
Authority for the purpose of communicating results from the fuel burn and CO 2 forecast and proposed basket of mitigation
measures to reduce carbon emission was made. The management thereafter endorsed for the medium-and long-term
implementation of the action plan (Figure2) and forthwith submitted to ICAO.
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Figure 2: Medium-and long-term implementation of the action plan

The calculation of CO2 emission was conducted based on the baseline data which are archived by the TCAA. The value
of fuel efficiency was deduced based on the total uplift of fuel and Revenue Tonne Kilometers (RTK) as input variables
in a given year. The projected values of fuel efficiency, fuel uplift and RTK have been projected as a regressive projection
based on derived correlation with a relative reliable R square value (R2).
5.1 Amount of Fuel Burnt x Emissions factor
For the case of CO2 emissions from the combustion of conventional aviation fuel, Contracting States should use the
emissions factor of the ICAO Carbon Emissions Calculator methodology (3.157 kgCO2/kg of fuel).
6.0 RESULTS AND DISCUSSION
The available data on CO2 emission as a result of aviation activities indicate that there is minimal contribution towards the
global overall emission of greenhouse gases into the atmosphere. This reality has resulted in making Tanzania and Africa
as a whole to qualify for consideration of emission trading programmes aimed at improving the air quality and reduction
of CO2 emission at a global level. Some of these programmes are basically embedded into the basket of measures to reduce
effect CO2 which include, funding for providing green agriculture for alternative fuel and operationalization of aircraft
approach, departure and cruise procedures which inhibit excessive use of fossil fuels. The expected results will improve
air quality and contribution towards environmental protection.
In addition, it is worth noting that the United Republic of Tanzania has taken actions to ensure ICAO strategic objectives
on environmental protection are implemented, within the available resources, to ensure contribution towards global goals
as agreed in ICAO Assembly resolutions and decisions. Since year 2012, Tanzania Civil Aviation Authority has
conducted the following activities in pursuance of the global aspirational goals:
(i)
(ii)
(iii)
(iv)
(v)
(vi)

Participating in ICAO and UN forum with a view to understand and implement agreed decisions at State
level;
Implementing the ICAO Assembly Resolution A37/19 requiring States to voluntarily submit Action Plan on
Emission Reduction (APER) before 30 June 2012;
Constituting an inter-institution Working Group to develop and promulgate Civil Aviation (Environmental
Protection) Regulations;
Consultation and soliciting comments with the stakeholders regarding the Draft Civil Aviation
(Environmental Protection) Regulations;
Establishing mechanism for enforcement of the promulgated Civil Aviation (Environmental Protection)
Regulations;
Participating in Global Market Based Measure i.e.
Carbon Offsetting and Reduction Scheme for
International Aviation (CORSIA).
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7.0 CONCLUSION
Bearing in mind the global aspiration, it can be concluded that the United Republic of Tanzania has made progress and
achieved tangible deliverables in the implementation of the CO 2 reduction activities including submission of the APER
through ICAO Portal before the set deadline of 30 June 2012, collection of fuel burn data, voluntary participation in Carbon
Offsetting and Reduction Scheme for International Aviation (CORSIA) in January,2019, and drafting of the Civil Aviation
(Environmental Protection) Regulations, among others.
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ABSTRACT
In the global effort to eliminate mercury use in Artisanal and Small-Scale Gold Mining (ASGM), smelting process is
proposed as an alternative technique. The process increases the gold recovery and is environmentally clean. This paper
presents the smelter design concepts with the proposed empirical formulas for scaling up the kiln and crucible. From the
design concepts, the kiln was fabricated and lined with the fine clay soil of less than 50 µm. The smelter indicated the
acceptable range of temperature to melt gold concentrates when added the oxygen gas into the kiln to increase the
combustion of LPG and airflow supplied by blower. The proposed smelter had the capacity to hold 800 cm 3 of gold
concentrates and demonstrated to attain a temperature of 1170 ºC in 16 minutes. Therefore, the proposed kiln would help
to reduce the application of mercury after investigating the performance of other operating parameters and user-guiding
that suits the ASGMs.
Keywords: Small-scale gold mining; kiln design; smelter fabrication; Liquefied Petroleum Gas
1. INTRODUCTION
Artisanal and Small-Scale Gold Mining (ASGM) around the world has been a major source of income with an estimated
50 million people involved directly or indirectly in small-scale mining operations (Zolnikov & Ortiz, 2018). The recent
statistics of the Government of Tanzania indicated that the contribution of ASGM to the total gold production has increased
to 28% (URT, 2020). Despite the remarkable contribution of the ASGM sector to the national economy, the sector
continues to face several challenges. Some of the challenges include lack of geological information on the area where the
mining activity is being carried out, which leads to trial and error mining, rudimentary tools on mining and ore processing.
Also, there is a negative environmental and health impacts associated with abandoned pits and mercury emission through
the amalgamation process (Jønsson et al, 2013). According to the National Baseline Survey, the total national mercury
emissions in 2016 was estimated to be 30.29 tonnes, of which 47% was released into the air, followed by land (35%),
water (8%), and others (10%). ASGM was the most affected sector, where about 1.5 million people were estimated to be
at mercury exposure risks, of which 20-30% were women including about 75,000 children (MIA, 2017).
In the global effort to eliminate mercury use in ASGM, various researchers have tested several alternative techniques to
gold amalgamation. These include centrifugal concentration, coal-gold agglomeration, leaching (sodium cyanide, thiourea,
thiosulphate, and chlorine), and borax smelting (Akcil et al, 2009; Appel & Na-Oy, 2014; Stoffersen et al, 2019; Vieira,
2006). The majority of the proposed alternatives have so far received little attention for ASGM especially in Sub-Sahara
African countries. The application of borax has been demonstrated to increase gold recovery and is environmentally
cleaner compared to the usage of mercury (Appel & Na-Oy, 2012). Different sources of energy had been used in the
application of the borax as a flux during smelting for extraction of gold. Appel & Na-Oy (2014) tested direct smelting of
gold concentrates by using charcoal, while Stoffersen et al, (2019) used acetylene gas as the source of energy for direct
smelting and observed improvement in gold recovery compared to mercury amalgamation. However, in both sources of
energy, the smelting process was conducted in the open air without a furnace that leading to lower performance and taking
a long time to melt the gold concentrates. Moreover, the use of charcoal has a negative environmental impact as it
accelerates deforestation. The use of acetylene gas is expensive and not easily available in rural areas. Therefore, the
objective of this research is to design, fabricate, and test a locally made LPG furnace for gold smelting at a small-scale
level.
2. MATERIALS AND METHODS
Gold smelting is a purification process, where base metals and other impurities are removed from high grade concentrates
to produce gold-silver bullion containing greater than 95% precious metal. The smelted product (dore´ bullion) in the
crucible/cup is suitable for direct sale or further refining. The gold smelting process is achieved by heating the gold
concentrates and fluxes at a temperature greater than 1064 oC. This maximum temperature is maintained for approximately
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1.5 hour to ensure complete separation of impurities into slag. The molten gold and silver form an alloy that is heavier and
sinks to the bottom of the crucible. Once the smelting is completed, the slag is removed and the precious metals are cast
in a mould as ingot (Marsden & House, 2006). The key components of the smelting furnace are including the kiln, gasnozzle, and containers of energy sources, which can be propane, oxy-acetylene, charcoal, or heavy fuel oil. The
construction material of kiln, which is usually the metal case, and the lining material can be ceramic fibre wool, clay, or
ceramic blocks. The flux is a mixture of chemical reagents such as borax, sodium nitrate, silica, sodium carbonate, and
fluorspar that are added to the furnace charge to reduce melting point and viscosity (Marsden & House, 2006). The
smelting furnaces come in many sizes and designs depending on the application requirements.
2.1 General Assumption for Kiln Dimensions
General dimensions of kiln and crucible/cup for smelting the gold concentrates were assumed after visiting a Nholi smallscale gold mine as located in Bahi District, within Dodoma Region and stipulated below:
i.
A local ball mill grinds 4 to 8 bags of blasted ore per batch, each bag weighing 25 kg, giving a total weight of
about 100-200 kg. Hence for furnace design: 10 bags weighing about (250 kg) are considered and assuming the
density of gold ore is 2.9 g/cm3
ii.
1 bag of milled blasted ore can produce 0.25 kg of concentrates after sluicing. Therefore, 10 bags of ore can
produce about 2.5 kg of wet concentrates, i.e., 85% solids
iii.
Drying concentrates to 2% moisture lead to weight reduction due to water removal and is estimated as follows:
(0.98 − 0.85) ∗ 2.5 𝑘𝑔 = 0.325 𝑘𝑔
iv.
Hence the capacity of the crucible is 2.2 kg of dry concentrates (2% moisture)
2.2 𝑘𝑔 ×1000
v.
Volume occupied by solids (80% full crucible) is
= 759 cm3
2.9
vi.
The total volume of crucible (100% full) is 950 cm3
vii.
Considering the cylindrical geometry of the crucible. The dimensions of crucible to hold 950 cm 3: 𝐷𝑐 *𝐻𝑐 *𝑡𝑐 =
9.1* 14.7*1.2 cm3. Where, 𝐷𝑐 is the internal diameter of the crucible in cm, 𝐻𝑐 is the height of the crucible in cm,
and 𝑡𝑐 is the thickness of the crucible in cm.
2.2 Furnace Design Concepts
The furnace design concepts were based on crucible dimensions estimated in section 2.1. Furnace dimensions were
estimated by using several formulas for deducing the height and width of kiln and crucible. The proposed rule of thumb
formulas were obtained after reviewing different literature sources and developing six equations. Noting that, the reviewed
reference materials indicated the image of kiln and crucible with or without dimensions but lacking the empirical formulas
for scaling the furnace as depending to the gold smelter needs. The height of the kiln furnace 𝐻𝑘 was given by Equation
1. The symbols 𝑊, denotes the thickness of lining material in the kiln, cm and X, presents the space between kiln lid and
crucible.
𝐻𝑘 = 𝐻𝑐 + 2𝑊 + 𝑋
(1)
The outer diameter of the kiln furnace 𝐷𝑘 was estimated as shown in Equation 2. The symbol Y, denotes the space between
the crucible side and lining material of kiln in cm.
𝐷𝑘 = 𝐷𝑐 + 2𝑡𝑐 + 2𝑌 + 2𝑊 (2)
Other kiln dimension symbols such as W, Y, X, 𝐻𝑘 , 𝐷𝑚 and h were obtained according to Equation 3 to 6. Where, 𝐷𝑚
denotes the diameter of the chimney in cm, and ℎ, the height from base of kiln to gas inlet pipe.
2
𝑊 = 𝐷𝑐
(3)
3
1
𝑌 = 𝐷𝑚 = 𝐷𝑐
(4)
2
1
𝑋 = 𝐻𝑐
(5)
4
1
ℎ = 𝐻𝑘
(6)
3
2.3 Furnace Fabrication Process
The furnace fabrication entails the following steps:
i.
The outer case of the smelter was made by cutting an iron sheet of 4 mm with an angle grinder and fabricating
into a cylindrical bucket with a diameter of Dk and height of Hk. A hole of 1 cm was drilled 10.2 cm from the
base of the furnace where a LPG burner was fitted.
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ii.

iii.
iv.

Another section of the iron sheet was used to make a kiln lid with an outer diameter of 32.8 cm. A vent hole about
4.6 cm was positioned at the centre of the smelter (on top) to prevent pressure build-up inside and cause the
explosion.
The smelter outer case and the lid were lined with fine clay soil of less than 50 microns with a thickness of 6.1
cm.
A gas pipe fitted with a valve was connected to the LPG cylinder and a burner was placed inside the smelter/kiln.
Additional of oxygen gas pipe was introduced to one of the three holes of 1 inch. The three holes with the valves
were used to supply and regulate airflow from the blower to the smelter.

3.0 RESULTS AND DISCUSSION
3.1 Designed dimensions of Crucible and Kiln furnace
The crucible and kiln dimensions were estimated by using formulae 1-6 and are summarized in Table 1. General
observations indicate that; kiln height and diameter have proportional dimensions. Further, the kiln lining thickness is
large enough to prevent heat losses from the combustion chamber. Figure 1 indicates a 3D view of the LPG kiln furnace
by using the designed dimensions.

S/N
1
2
2
4
5
6
7
8
9
10
11
12

Table 1: Summary of crucible and kiln dimensions
Estimated crucible and kiln dimensions
Dimension, [cm]
9.1
Crucible diameter: 𝐷𝑐
14.7
Crucible height: 𝐻𝑐
1.2
Crucible thickness: 𝑡𝑐
6.1
Kiln lining thickness: 𝑊
3.7
Space between kiln lid and crucible: 𝑋
4.55
Space between crucible side and kiln lining: 𝑌
30.6
Kiln height: 𝐻𝑘
32.8
Kiln diameter: 𝐷𝑘
30.6
Chimney height: 𝐻𝑚
4.55
Chimney diameter: 𝐷𝑚
Height from base of kiln to gas inlet pipe: h
10.2
Hole diameter for gas inlet pipe: d
1.0

Figure 1: 3D view of LPG kiln furnace
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3.2 Fabricated components of the furnace
The furnace outer body with kiln lid is equipped with handles to allow easy lifting as showed in Figure 2(a). A side hole
near the bottom is used for gas burner fitting and a vent hole at the top of the kiln lid for releasing build-up gas pressure
inside the furnace. Three extra holes were cut near the kiln bottom and fitted with valves for controlling air inlet into the
kiln. Figure 2 (b) shows the inner cylindrical used for moulding the kiln lining. Figure 2 (c) shows a manual pressing
handle used for compaction of the kiln lining between the outer body and mould can.

(c)

(a)

(b)

Figure 2: Fabricated components of gold kiln/smelter using the design dimensions
3.3 Size reduction of clay soil
Figures 3 (a) and (b) shows clay soil before and after size reduction respectively. The coarse clay soil was ground in a ball
mill for 45 minutes. The mill product was screened in a mesh of 50 microns to obtain fine clay as indicated in part (b).
The fine clay is suitable for lining the kiln/smelter.

(b)

(a)

Figure 3: Clay soil preparation for lining the smelter. (a) collected at the Ntyuka ward near University of
Dodoma, Tanzania and (b) after size-reduction
3.4 Kiln Lining and Drying Process
The fine clay soil was mixed with clean sand in a volume ratio of 2:1. The mixture was placed in the bucket and added
water to form a thick paste as shown in Figure 4 (a). The paste was used as the insulator and lined for about 6.1 cm between
the kiln and inner mould-cup and was compacted by using manual pressing handle. After compaction, the lined smelter
appeared as shown in Figure 4 (c) and was dried in the oven for 3 days at the temperature of 105 ºC.

(b)
(a)

(c)
Figure 4: Kiln/smelter lining with fine clay soil activities conducted at the College of Earth Sciences and
Engineering Laboratory, University of Dodoma, Tanzania.
Integrating Adaptation to Climate Change through Sustainable Engineering-Challenges and Opportunities |106

12th International Conference, December 3-5, 2020, Ngurdoto Mountain Lodge, Arusha, Tanzania
3.5 Smelter Performance Investigation
The smelter was tested with LPG and crucible inserted with a thermocouple to measure the gradual change of temperature.
The LPG was gradual increase with an increase in the percentage of opening the blower to increase the combustion inside
the smelter, but the temperature raised to 700 oC and the kiln lid was completely opened. When the kiln lid closed the
combustion was stopped inside the smelter/kiln. Figure 5 shows the test vehicle with LPG gas, blower, and three holes
with valves of 1 inch. Now, the kiln was operated when the kiln-lid was closed but the temperature raised to 903oC. The
LPG gas and blower were completely opened but nothing changed in the temperature controller.

Blower

Temperature
controller
LPG gas
Figure 5: The smelter operated with LPG gas and blower at a temperature of 903 oC
The LPG valve was slowly opened to initiate the combustion. Then, oxygen gas valve was slowly regulated to reach 0.25
MPa as shown in Figure 6. At each step the oxygen gas was adjusted to sustain the combustion until the blue reduction
flame was obtained. Meanwhile, the blower was turned on to provide external cooling of the furnace body. The temperature
profile was recorded using a stopwatch and a temperature thermocouple. The comparison of temperature profile of smelter
without and with the three holes, LPG and oxygen gases are shown in Figure 7. The experiment with three holes, LPG and
oxygen gases were used to indicate the maximum temperature of 1170 °C compared to experiments without three holes in
the smelter or not using the oxygen gas. It is observed that after 10.55 minutes, the temperature had risen to 1066 °C and
five minutes later the temperature reached 1170 °C. Since gold melts at 1060 °C, if this temperature is maintained for
reasonable period such as 1 hour, the complete melting of gold from ore would occur.

Oxygen pipe
Outer pressure gauge

Figure 6: Smelter operated with LPG gas, blower, and oxygen gas at the pressure of 0.25 MPa
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Figure 7: Comparison of temperature profile of smelter with the three holes, LPG and oxygen gases
4. CONCLUSIONS
The ASGM faces the challenge of extracting gold from the gold concentrates without harm the environment. This study
started to review several methods of extracting gold and proposed the smelting method as the best option. The smelter
design was proposed with the empirical formulas. The fabrication activity was done and the kiln was tested with the energy
source of LPG and oxygen gases. Three options were applied to investigate the temperature variation inside the smelter.
The first option, smelter operated with LPG gas that indicated the temperature raised to 700 oC. The second option, smelter
was introduced with three holes to increase airflow at the bottom of the kiln and directed the blower to one of the drilled
1-inch hole. The blower helped to raise the temperature to 903 oC by using only LPG gas. The addition of oxygen gas with
the pressure value of 0.25 MPa to the half-opened LPG gas and blower helped to raise temperature to 1170 °C within 16
minutes. Further improvements on the designed smelter to increase process and thermal efficiencies are recommended
including the addition of LPG pressure gauge, computation fluid dynamics to optimize the thermal distribution and modify
the design dimensions, DC solar blower for external cooling, and temperature logger.
5. ACKNOWLEDGEMENTS
The authors wish to acknowledge the University of Dodoma for financial support of this project through Junior Academic
Staff (JAS) capacity building and Nholi small scale mine as the case study of learning and developing the design
assumptions.
REFERENCES
Akcil, A., Wu, X., & Aksay, E. K. (2009). Coal‐Gold Agglomeration: An Alternative Separation Process in Gold
Recovery. Separation & Purification Reviews, 38(2), 173-201.
Amankwah, R. K., Styles, M. T., Nartey, R. S., & Al-Hassan, S. (2010). The Application of Direct Smelting of Gold
Concentrates as an Alternative to Mercury Amalgamation in Small-scale Gold Mining Operations in Ghana.
International Journal of Environment and Pollution, 41(3-4), 304-315.
Appel, P. W., & Na-Oy, L. (2012). The Borax Method of Gold Extraction for Small-scale Miners. Journal of Health and
Pollution, 2(3), 5-10.
Appel, P. W., & Na-Oy, L. D. (2014). Mercury-free Gold Extraction Using Borax for Small-scale Gold Miners. Journal
of Environmental Protection, 2014.
URT, United Republic of Tanzania. (2020). Minister of Minerals Parliamentary Report. Retrieved from Tanzania Mining
Comission:
https://www.madini.go.tz/hotuba-ya-mheshimiwa-doto-mashaka-bitekombwaziri-wa-madiniakiwasilisha-bungeni-makadirio-ya-mapato-na-matumizi-ya-fedha-kwa-mwaka-2020-2021

Integrating Adaptation to Climate Change through Sustainable Engineering-Challenges and Opportunities |108

12th International Conference, December 3-5, 2020, Ngurdoto Mountain Lodge, Arusha, Tanzania
Jønsson, J. B., Charles, E., & Kalvig, P. (2013). Toxic Mercury Versus Appropriate Technology:
Artisanal
Gold Miners’ Retort Aversion. Resources Policy, 38(1), 60-67.
Marsden, J. O., & House, C. L. (2006). The Chemistry of Gold Extraction. Colorado: Society for Mining, Metallurgy, and
Exploration, Inc.
MIA. (2017). National Baseline survey: Minamata Initial Assessment in Tanzania, First Draft. Dar es Salaam: United
Republic of Tanzania, Vice President Office.
Stoffersen, B., Køster-Rasmussen, R., Cardeño, J. I., Appel, P. W., Smidth, M., Na-Oy, L. D., & Onos, R. W. (2019).
Stoffersen, Comparison of Gold Yield with Traditional Amalgamation and Direct Smelting in Artisanal SmallScale Gold Mining in Uganda. Journal of Health and Pollution, 9(24), 191-205.
Veiga, M. M., Angeloci-Santos, G., & Meech, J. A. (2014). Review of Barriers to Reduce Mercury Use in Artisanal Gold
Mining. The Extractive Industries and Society, 1(2), 351-361.
Vieira, R. (2006). Mercury-free Gold Mining Technologies: Possibilities for Adoption in the Guianas. Journal of Cleaner
Production, 14(3-4), 448-454.
Zolnikov, T., & Ortiz, D. R. (2018). A Systematic Review on the Management and Treatment of Mercury in Artisanal
Gold Mining. Science of the Total Environment, 633, 816-824.

Integrating Adaptation to Climate Change through Sustainable Engineering-Challenges and Opportunities |109

OUR SPONSORS

12th International Conference, December 3-5, 2020, Ngurdoto Mountain Lodge, Arusha, Tanzania

CHINA CIVIL ENGINEERING
CONSTRUCTION CORPORATION
BULK DISTRIBUTORS
INTER CONSULT LIMITED
PLASCO LIMITED
ENGINEERS REGISTRATION BOARD
KAPANGA ENGINEERING LIMITED
KIMPHIL KONSULT (T) LIMITED
BQ CONTRACTORS LIMITED

Integrating Adaptation to Climate Change Through Sustainable Engineering-Challenges and Opportunities

