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Tanzania National Anthem 

Wimbo wa Taifa 

 

Swahili 
Mungu Ibariki Afrika,  

Wabariki Viongozi Wake,  

Hekima, Umoja na Amani  

Hizi ni Ngao Zetu, 

Afrika na Watu Wake.  

Ibariki, Afrika,  

Ibariki, Afrika,  

Tubariki, Watoto wa Afrika, 

 

 

Mungu Ibariki Tanzania,  

Dumisha Uhuru na Umoja, 

Wake kwa Waume na Watoto, 

Mungu, Ibariki,  

Tanzania na Watu Wake  

Ibariki, Tanzania,  

Ibariki, Tanzania,  

Tubariki, Watoto wa Tanzania  

 

English  
God Bless Africa  

bless her leaders  

wisdom, unity and peace  

these are our shields  

Africa and her people 

Bless, Africa  

Bless, Africa 

Bless, Children of Africa  

 

God bless Tanzania 

sustain independence and unity  

Women, Men and Children  

God, Bless, 

Tanzania and her people  

Bless, Tanzania  

Bless, Tanzania  

Bless, Children of Tanzania 
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East Africa Community Anthem 

Wimbo wa Afrika Mashariki 

 
Swahili  

 

Ee Mungu twaomba uilinde 

Jumuiya Afrika Mashariki 

Tuwezeshe kuishi kwa amani 

Tutimize na malengo yetu.  

 

 

Kiitikio: 

Jumuiya Yetu sote tuilinde 

Tuwajibike tuimarike 

Umoja wetu ni nguzo yetu 

Idumu Jumuiya yetu. 

 

 

Uzalendo pia mshikamano 

Viwe msingi wa Umoja wetu 

Na tulinde Uhuru na Amani 

Mila zetu na desturi zetu.  

 

 

Kiitikio: 

Jumuiya Yetu sote tuilinde 

Tuwajibike tuimarike 

Umoja wetu ni nguzo yetu 

Idumu Jumuiya yetu. 

 

Viwandani na hata mashambani 

Tufanye kazi sote kwa makini 

Tujitoe kwa hali na mali 

Tuijenge Jumuiya bora.  

 

 

Kiitikio: 

Jumuiya Yetu sote tuilinde 

Tuwajibike tuimarike 

Umoja wetu ni nguzo yetu 

Idumu Jumuiya yetu. 

 

English 

 

Oh God we pray 

For preservation of the East African 

Community 

Enable us to live in peace 

May we fulfill our objectives  

 

Chorus: 

We should protect our community 

We should be committed and 

stand strong 

Our unity is our anchor 

Long live our community. 

 

Patriotism and togetherness 

Be the pillars of our unity 

May we guard our independence 

and peace 

Our culture and traditions.  

 

Chorus: 

We should protect our community 

We should be committed and 

stand strong 

Our unity is our anchor 

Long live our community. 

 

In industries and in farms 

We should work together 

We should work hard 

We should build a better 

community.  

 

Chorus: 

We should protect our community 

We should be committed and 

stand strong 

Our unity is our anchor 

Long live our community. 
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Foreword:  
by President of the Institution 
of Engineers Tanzania  
 

Fellow 
engineers, 

dignitaries, 
foreign 

delegates and 
conference 

participants, 
on behalf of 
the Council,  I 

wholeheartedly welcome you all to this 31st National 
Conference and 45th Annual General Meeting at the 
very attractive location of Ngurdoto Mountain Lodge 
in Arusha, Tanzania.  
 
We are extremely grateful to Her Excellency 
Samia Hassan Suluhu, President of the United 
Republic of Tanzania, for having accepted our 
invitation to grace this Annual Conference. I take 
this opportunity on behalf of IET and myself to 
warmly welcome her.  
 
We appreciate this physical convening as well as 
virtual meeting. The ravages of Covid-19 had greatly 
restrained us in the past and we thank Almighty God 
for our well-being. Conversely, Covid-19 has also 
resulted into New Normal way of life. The 
worldwide view of our relationship with technology 
has deepened as larger segments of the population 
now rely more on digital connections for work, 
education, health care, commercial transactions, 
essential social interactions and services.  
 

The theme of this year’s conference is “The Role of 
Engineering in Rocketing the National 
Development Trajectory through 
Industrialization for Perpetual National Middle-
Income Economy” This well thought theme 
together with appropriate sub-themes to address 
resilient issues that range from the infrastructure, 
environment, agriculture, economy, industrial 
integration, technology to capacity building.  
 
However, the importance of this conference cannot 
disregard the effect of providing us the opportunity 
to network, share experiences and find solutions to 
the challenges facing us so that we can all build on 
a common agenda. I therefore, strongly encourage 
all engineers to fully participate in the conference 
and to enhance collective efforts to develop our 
country. 

 
The fact that infrastructural and industrialisation 
will grow exponentially in our country as we 
further our aspiration to sustain middle income 
economy in the context of the development we 
desire to strive for, we have to accentuate the 
significance of engineers and engineering 
profession. 
 
Engineers need to be the change. The change that 
will make us enter responsibly in to the 4th 
Industrial Revolution era. We need to look into 
smart technologies, digital economy, cyber world 
advances, relevancy of training systems, capacity 
building, connectivity, collaborations and 
pertinent logistics. 
 
Engineer’s dynamism should be a result of their 
intelligence, decision making, and forward-looking 
traits. Engineers should be more proactive in their 
approach to the worldwide developments.  
 

Our close collaboration with the Engineers 
Registration Board (ERB), Association of 
Consulting Engineers Tanzania (ACET) and other 
regional and continental bodies has kept us 
informed and enriched the unique way of learning 
from good practices. 
 

To quote our Founding Father Mwalimu 
Nyerere, "...intellectuals have a special 
contribution to make to the development of our 
nation, and to Africa. And I am asking that their 
knowledge, and the greater understanding that 
they should possess, should be used for the 
benefit of the society of which we are all 
members." 
 
I implore all engineers to take advantage of the 
opportunity to participate in industrial visits as 
well as to recreate by visiting our renowned tourist 
attractions. 
 

To conclude, I wish to all a very pleasant stay in 
Arusha and journey mercies on return to your 
homes. 

 

Eng. Sayed Rizwan Qadri 
President 

The Institution of Engineers Tanzania 
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Message from Registrar 
of Engineers 
Registration Board  

 
On behalf of the Board of Directors, 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 31st 
National Conference. The ERB has had the honour to 
support the Institution towards making this conference a 
success. 
 
The theme of the conference “Role of Engineering in 
Rocketing the National Development Trajectory 
Through Industrialization for Perpetual National 
Middle-Income Economy” 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 professional 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 inadequate of offices to 
accommodation, 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 development partners to 
support us towards the implementation of this income 
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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31ST NATIONAL CONFERENCE & EXHIBITIONS, AGM AND OATH TAKING PROGRAMME 
 

Time Description Responsible/Presenter 

Day 1:          December 2, 2021 

0800 – 1140 Opening Ceremony   

0800 – 0900 Registration Conference Secretariat 

0900 –1000 HEALTH BREAK  ALL  

1000-1005 National Anthem ALL  

1005 -1010 Welcome Address IET President 

1010 – 1020  Remarks by RC, Arusha  Arusha Regional Commissioner  

1020 – 1030 Welcoming Speech Minister of Works and transport 

1030 – 1040    Opening Address Chief Guest 

1040 – 1050   Oath Taking ERB Registrar  

1050 – 1100 Recognition of 2021 Engineering Icon IET President & Chief Guest 

1100 – 1110 Presentation of Awards/Certificates  IET President & Chief Guest 

1110 – 1120 Vote of Thanks ERB Chairman  

1120 – 1130 Group Photograph with the Chief Guest Conference Secretariat 

1130 – 1140 Chief Guest Visiting Exhibitions ALL 

1140 –  1300 
 

Session 1:  Sustainable Infrastructure Development 
Chairperson:   Eng. Sayed R. Qadri, IET President 

1140 – 1200 Construction of New Selander Bridge and Its Connecting Roads  Chief Executive, Tanzania National 
Roads Agency 

1200 – 1220 Project Progress for The Construction of The Standard Gauge Railway from Dar Es Salaam 
to Mwanza  

Masanja K. Kadogosa, Director 
General, TRC 

1220 – 1240 Discussions ALL 

1240 – 1300 Presentation by Sponsors Sponsors 

1300 – 1400 LUNCH BREAK  ALL 

1400 – 1540 Session 2: Electronics, Information Communication Technology 
Development/Sustainable Energy Development 
Chairperson:   Eng. Prof. Ninatubu N. Lema. ERB Board Chairman 

 

1400 – 1420  Prospects for Ubiquitous Mobile Broadband Connectivity and Services in Tanzania  Peter Chitamu and Libe Massawe 

1420 – 1440 A Novel Approach for The Utilization of Dar Es Salaam City Domestic Waste as A Source 
of Energy Production  

G.D. Mrema and G. G. Lukinja 

1440– 1500 Converting Non-Coking Coals to Metallurgical Coke for Iron Making in a Blast Furnace 
for Improving Iron Industry in Tanzania  

M. F. Hiji, O.J Mdee and B. Semboja 

1500 – 1520  Discussions ALL  

1520– 1540 Presentation by Sponsors Sponsors  

1540 –  1600 HEALTH BREAK  

1600-1640  Session 3:  Cross Cutting Issues  
Chairperson:   Eng. Deogratius D.  Mugishagwe, ACET President 

 

1600– 1620  Non-Communicable Disease (Hypertension) And Covid -19 Flora Ruhangisa and Sunday 
Wanyika 

1620 – 1640 Discussions ALL  

1640 – 1700  Signing of IET/ACET Memorandum of Understanding (MOU) IET/ACET 

1800 - 2100 Conference Cocktail Party and networking   

 Day 2:          December 3, 2021  

0900 - 1020 Session 4:  Engineering Training and Capacity Building 
Chairperson: Eng. Ngwisa W. Mpembe, IET Past President 

0900 – 0920 Enhancing Skills and Proficiency of Professional Engineers in Tanzania Through Work   A. S.  Mawenya 

0920 – 0940 Corruption in Construction Industry in Emerging Economies: Sources, Effects and 
Interventions in Construction Projects 

K. E. Kiyabo 

0940 – 1000  Discussion ALL  

1000 – 1020 Presentation by Sponsors Sponsors  

1020 – 1050  HEALTH BREAK  

1050 – 1200 Session 5: Recommendation and Observations 
Chairperson:  Eng. Prof Mengiseny E. Kaseva   

 

1050 – 1120 Rapporteurs Report  Kaseva, Lemma, Aveline, Kassera 

1120 – 1150 Discussions ALL 

1150 – 1200 Closing Remarks IET President 

1200 – 1300  LUNCH BREAK  

1300 – 1400 Annual General Meeting IET President 

Day 3 and Day 4:  December 4, 2021 

0830 – 1800  Technical site visits, Visit to Ngorongoro Crater, Serengeti, Tarangire National Parks Executive Secretary 

1800 END OF PROGRAMME IET President 

EVENT MANAGERS: ENG. NGWISA MPEMBE, ENG. MARTIN DAVID, ENG. DIANA MUNUBI 
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CONSTRUCTION OF NEW SELANDER BRIDGE AND ITS CONNECTING ROADS 
 

By 
Chief Executive 

Tanzania National Roads Agency 
P.O. BOX 11364 Dar es Salaam, Tanzania 

Telephone/Fax: + 255 22 2926001/-6 + 255 22 2926011, E-Mail: tanroadshq@tanroads.go.tz 
 

1.0 INTRODUCTION 
 
1.1. Establishment of Tanzania National Roads Agency (TANROADS) 
The Tanzania National Roads Agency (TANROADS) has a mandate to manage the national road network and 
airports through an order known as the Executive Agencies (Tanzania National Roads Agency) Establishment 
Order, GN. 293 of 2000 as amended by GN. 350 of 2009 and GN. 232 of 2020, published on 27th March 2020. These 
are supported by the vision of the National Development Plan 2025, which aims at achieving a high-quality 
livelihood for its people by 2025. 
 
The Agency is responsible for management of 36,258 km of national roads made up of 12,176 km of trunk roads 
and 24,082 km of regional roads as of June 2021. It is also responsible for design and construction of airports. Core 
business of the Agency is maintenance and development of the national roads network as well as airports 
development to support social economic development of the country. TANROADS is also responsible for 
management of the Central Materials Laboratory and Regional Materials Laboratories that are responsible for 
materials testing and researching on new road technology. 
 
1.2. Vision, Mission and Core Values 
The Vision of TANROADS is to be a World Class Agency dedicated to providing a well-developed national roads 
network and high-quality airports to support the economic and social development of Tanzania, while the mission 
is to plan, design, construct and maintain efficiently and in a cost effective, safe and sustainable manner the 
National roads network and Airports consistent with the National Development Plans and other Government 
Policies through a competent and well-motivated workforce. 
 
On the other hand, the seven core values entrenched in our entire activities guide the operations of TANROADS. 
These are Customer Focus, Innovation, Excellence, Integrity, Transparency, Team Work and non-discrimination. 

 
1.3. This Paper 
This paper aims at presenting one of the major projects (New Selander Bridge (1.03km)) identified in the Dar es 
Salaam Master Plan of 2019, which was prepared by JICA. Other projects include; Mfugale Flyover at TAZARA along 
Mandela Road/JNIA junction and construction of Ubungo interchange. 
 
1.3.1 Other Projects for Decongestion of Dar Es Salaam City 
 
(i) Feeder Roads 
The project entails upgrading of several feeder roads in DSM to bitumen standard towards alleviating congestion 
in Dar es Salaam City. 
 
1.3.2 Completed Projects  
These roads include Ubungo Terminal–Kigogo/ Kawawa Roundabout–Msimbazi Valley– Jangwani, Ubungo 
Maziwa–External, Kigogo–Tabata Dampo, Kimara–Kilungule–External, Tangi Bovu–Goba, Kimara Baruti–Msewe–
Changanyikeni, Kibamba– Mloganzila, Goba–Makongo, Kifuru–Msigani, Mbezi Mwisho–Goba, Mbezi–
Malambamawili–Kinyerezi–Banana, Goba–Madale and Jet Corner–Davis Corner– Tandika. 
 
1.3.3.Ongoing Projects 
These projects include; upgrading to bitumen standards of the Wazo Hill–Madale, Ardhi– Makongo Juu, 
Mlonganzila–Kisopwa, Kitunda–Kivule, Nyerere (Kigamboni) Bridge– Vijibweni, Tungi–Kibada, Kibada–
Mjimwema road and Maji Chumvi–Chang’ombe– Barakuda. Widening of Mwai Kibaki Road; Kawe roundabout–
Garden Rd junction (under design review). Kongowe–Mjimwema–Kivukoni Ferry (One lane Widening) Road 
(under procurement). Upgrading of Mjimwema–Kimbiji Road (under design review). 
 
 

mailto:tanroadshq@tanroads.go.tz
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(ii) MFUGALE Flyover 
The Government of Tanzania through the Government of Japan financing has completed construction of the Mfugale 
Flyover at TAZARA along Mandela Road/ JNIA junction so as to reduce traffic congestion at the junction. Works 
were completed on 31st October 2018 and it is operational. 
 
(iii) UBUNGO Interchange 
The Government of Tanzania has secured funds from the World Bank for construction of the Ubungo Interchange 
at Morogoro/ Sam Nujoma/ Nelson Mandela Junction. A contract for construction of the Interchange started in 2017 
and completed in 2020. 
 
(iv) Improvement of Eight (8) Critical Junctions 
A project for Feasibility Study, detailed engineering design and preparation of tender documents of eight (8) critical 
junctions in Dar es Salaam City namely; Mandela/ Uhuru (Buguruni), Magomeni, Fire, Ali Hassan Mwinyi/ United 
Nations, Ali Hassan Mwinyi/ Kinondoni, Mwenge, Tabata/ Mandela and Morocco under AfDB financing, is at the 
final stages..  
 

(v)   Bus Rapid Transit Infrastructure (BRT)–Phase I 
Implementation of this project was divided into three Packages. Package 1 involved construction of Morogoro 
Road (Kimara–Kivukoni), Kawawa Road (Magomeni– Morocco), and Msimbazi Road (Fire–Kariakoo), which 
involved roads with total length of 20.9 km, 29 Bus Stations, 3 Terminal Buildings and 3 Pedestrian Bridges. 
Package 2 & 3 involved construction of Depot at Jangwani area. 
 

(vi) Bus Rapid Transit (BRT-Phase II)  
Dar es Salaam BRT Phase II project is being implemented along Kilwa Road (from the City centre to Mbagala 
Rangitatu area) including Sokoine Avenue, (from Zanaki Street to Gerezani Roundabout), Gerezani (from 
Roundabout to Nyerere - Msimbazi junction), Bandari Street (from Gerezani to Bendera tatu Roundabout) and 
from South Kawawa Road up to Mgulani JKT Roundabout which is along Kilwa Road. The total length of the 
proposed Phase II Road project is 20.3km including; one flyover at Uhasibu (junction of Nelson Mandela) and Kilwa 
Roads and Chang’ombe flyover at the junction of Nyerere, Chang’ombe and Kawawa Roads, 

 
2.0 CONSTRUCTION OF NEW SELANDER BRIDGE AND ITS CONNECTING ROADS 
 
The project involves the construction of 1.03km Bridge which includes the approach Bridge sections. The Bridge 
crosses the Indian Ocean and connects the Central Business District (CBD) to Masaki/ Oyster Bay area by 5.2km 
Road section of which 4.4km is the widening of the existing road from two (2) lanes to four (4) lanes and 0.8km of 
new road construction. 
 
2.1 Project Location 
 
The project is located at the East Coast of Kinondoni and Ilala District in DSM (about 500m from the existing 
Selander Bridge). Figure 1 shows the location of the project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Location of Selander Bridge in DSM city 
 

 ` 
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2.2 Project Features 
 
The project has several features as presented hereunder. 
 

Main Items Description Remarks 

Total Length Total Length: 6.23 km including the Bridge Design Speed: 60km/hr 

New Selander 
Bridge 

Main Bridge: Extra-dosed Bridge: L=670m 
L = 85+4@125+85 = 670m 
W = 20.5m (4 lanes of carriageway) 

PSC Box Girder Bridge 

Approach Bridge: L = 360m 
(including 4@40m=160m, 5 @40m=200m) 

PSC Beam Bridge 
• Type Changed to secure the free 

board height. 

Connecting    
Roads 

Widening of the existing roads: 
L = 1.2+3.32=4.4km (2lanes to 4 lanes) 
New road construction: L=0.80 km (4 lanes) 

Asphalt Concrete Pavement 

 
2.3 Construction Procedures including photos 
 
During construction of New Selander Bridge, schematic procedures were adopted by the Contractor as illustrated 
below: 
(i) Once mobilization of staffs and equipment was completed, construction of temporary trestle   Bridge began. 

This was to provide working platform when constructing the Bridge. 
 

  
1. Driving Steel pile pipe 2. Installation of Deck plate 

 

  

3. Temporary Bridge 4. Bored Pile Platform 
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(ii) Afterwards, bored piles foundation were drilled, installed as per design and as shown in the engineering 
drawings. Recommended pile test was conducted including static loading test (O-Cell test), Dynamic loading 
test (PDA test) and other material tests were done accordingly. 

 

  
5. Bored Pile Platform 
 

6. Drilling with Bentonite 

  
7. Installation of Rebar Cage 
 

8. Casting Concrete by Tremie pipe 
 

 
 

9. Static Loading  Test (O-Cell Test 10. Dynamic Loading  Test (PDA Test) 
 

(iii) Construction of Cofferdam followed. This helps in providing platform for construction of pile cap. Materials 
used were sheet piles of the Size: Section - FSP-Ⅳ 400x170x15.5 and Length: 11.5m-18.0m with a concrete 
slab of 0.1m depth made of concrete Grade C30. 
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1. Sheet Piles Cofferdam 

 

 
(iv) Next after that was construction of Pile cap to recommended design depth. Pile caps were made of 

concrete Grade C40 with varying size based on the location; for Main Pylons: 25.5m x 21.0m x 4m, Pier 
Columns Min: 16.5m x 7.5m x 2.5m and Max: 16.5m x 21m x 3.5m and for Abutment: 20.88m x 7.5m x 
2.2m. 
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(v) Construction of Piers and Pylons followed whereby main Pylon is 40 meters high above the deck and 20.2 

meters below the deck, Each Pylon is set up with 12 nos. of stay cables and 60 nos. of stay cables in total for 
the bridge. 
 

  

   1. Pylon Pier in Straight Section    2. Pylon Pier in Curved Section 
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   3. Pylon Pier in Cross Beam Section    4. Pylon Pier in Upper Section 

  
5. Pylon Segments Construction 

 
(vi) Once that was completed, Main Bridge (Extradosed)-PSC Box Girder Bridge was constructed. It included main 

girders which had 16 segments that were divided symmetrically. The methods casting the segments were 
Free Cantilever Method (FCM) and Full Staging Methods. 

 

  
1. Installation of cable guide pipe 2. Welding HDPE pipe 
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3. Installation of HDPE pipe 4. Jacking cable strand 

 
(vii) Approach Bridge made of PSC Beam Bridge were cast with the guide of design and recommendation 

on experts. PSC Beams were pre-fabricated on site and erected by using Gantry Crane to the 
designated location. 

 

  

  
Approach Bridge PSC beam Fabrication & Erection 

 
(viii) For smooth accessibility to the Bridge, approach roads of the specified pavement structure were 

constructed. Typical cross section for the approach roads includes dual carriageway with 6.5m each, median 
of 1.2m and separated side walkways of 2m each.  

 
3.0 THE PROJECT’S CHALLENGES 
 
During construction of cofferdam for Pier   P9, the Contactor encountered water gushing effect which occurred 
during excavation. The situation was excessive, which led to delay of other scheduled works.  
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Solutions 
 Long Term Dewatering: Extensive dewatering (with the use of 4 units of 7.5Kw (140m3/hr.) water pump 

and 6 units of 30Kw (360m3/hr.)  was made to expose the bottom level of the excavated Cofferdam. 
 Grouting: The 1st measure proposed to seal the gushing water proposed to seal off the water gushes, 

however it was not successful.  
 Sealing Concrete: 0.7m sealing concrete was proposed as second measure to seal the gushing. The 

concrete was cast under water by using tremie pipe and hence successful. 
 

Force Majeure (COVID-19 Pandemic). The pandemic disease led to delay caused by remobilization of demobilized 
experts who were supervising installation of Pylons, delay to delivery of construction materials to site and 
cofferdam excavation by dredging.  
 
Solutions  

 Cofferdam Excavation: The local personnel carried out the works by using a mini excavator in a dry state, 
and the soil was mixed with water and discharged through a pipe instead of using special dredging 
equipment. However, it took longer time by 10days from planned duration of 16days. 

 Pylon Construction: Local Engineers supervised the Pylon construction. 
 

 
4.0 CONCLUSION AND RECOMMENDATIONS 
 
Despite the challenges that the project faced, construction of New Selander Bridge was executed according to plan 
by the Contractor together with the Supervising Consultant.  

 
The project is so significant to the society as it will counter traffic challenges and improve the level of service 
through the Ali Hassan Mwinyi Road which is now under performing. In addition, the project has been a means of 
knowledge transfer to our local experts making it so important to professional skills development.  

 
It is therefore recommended that the Professional Boards such as; ERB, IET and other Regulatory Boards to 
prepare scheduled engagement of engineers, contractors and individuals working in the construction industry, to 
similar projects in future to enhance their knowledge and skills.  
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PROJECT PROGRESS FOR THE CONSTRUCTION OF THE STANDARD GAUGE RAILWAY  
FROM DAR ES SALAAM TO MWANZA 

 
By 

Masanja K. Kadogosa 
Director General, TRC 

 
1.0 INTRODUCTION 
 
1.1   Background information  
The history of Railways in our country began before Independence where the first railways were built by the 
Germans and the British at different times. In addition, after the independence, the development of rail transport 
infrastructure in our country continued where the administration of the first President and founder of the nation 
Hon. Mwalimu Julius Kambarage Nyerere initiated and implemented various railway construction projects 
including Tanzania-Zambia Railway (TAZARA) and the Ruvu Junction to Mruazi (Tanga) railway to connect our 
country with Zambia and link the Northern railway with central rail respectively. This investment in rail transport 
continued in the second phase where Singida-Manyoni branch was built to connect Singida with the central 
railway. 
 
The railways in East Africa were operated under the auspices of the East African Railways and Harbors (1961-
1967) and thereafter East Africa Railways Corporation (1967-1977). During the implementation of the 
Privatization Policy, the Government embarked on a restructuring program with a view of commercializing the 
TRC through concessions or Joint Ventures. 
In September 2007, RITES of India was awarded the tender to take over the operations of TRC. Following the 
award, RITES and the Tanzania Government formed a company known as Tanzania Railways Limited (TRL). 
 
While railway infrastructure remained the property of the Government and hence Reli Assets Holding Company 
Limited (RAHCO) was established under the Railway Act No. 4 of 2002 and became operational in September 2007 
principally as Landlord of railway infrastructure on behalf of the Government. 
 
However, the shareholder’s agreement between the Government and RITES was terminated and RITES Board 
members resigned on 22nd July 2011, and TRL operations were handed over to the Local Interim Management 
Team on the 26th July 2011. 
 
In 2017 the Parliament of The United Republic of Tanzania passed the bill of Railway Act for the merging of 
Tanzania Railways Limited (TRL) and Reli Assets Holding Company(RAHCO) to establish Tanzania Railways 
Corporation under the new Railway Act where all assets and liabilities of TRL and RAHCO will be transferred to 
TRC. 
 
The idea of building a Standard Gauge Railway was initiated during the administration of the third President The 
late Hon. Benjamin William Mkapa while the feasibility study and the preliminary design of the country's railway 
network were implemented during the administration of the fourth President Hon. Jakaya Mrisho Kikwete. 
 
The network includes Dar es salaam, Isaka, Keza, Kigali to Musongati railway, Isaka to Mwanza railway, North 
railway from Tanga- Moshi-Arusha to Musoma and Shinyanga branch, Minjingu and Engaruka, South railway from 
Port of Port Mtwara to Amelia Bay, Liganga and Mchuchuma Branches, Tabora to Kigoma railway and Kaliua - 
Mpanda to Karema branches and Uvinza to Musongati (Burundi) railway.  
 
After the completion of the feasibility study and preliminary design, in 2017 during the administration of the fifth 
President The late Hon. Dr. John Pombe Magufuli, the Government of Tanzania through the Tanzania Railways 
Corporation (TRC), commenced with the implementation of the construction for the Standard Gauge Railway-
(SGR) between Dar es Salaam and Mwanza with a total of 1,219 Km on the mainline divided into five (5) sections 
of Dar es Salaam-Morogoro (Km 300), Morogoro-Makutupora (Km 422), Makutupora-Tabora (Km 368), Tabora - 
Isaka (Km 165) and Isaka–Mwanza (Km 341). 
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Figure 1: Tanzania SGR Project indicating project phases (I-V) 

 
The Government of Tanzania continues with the completion of these major projects initiated by the previous 
administration and Hon. Samia Suluhu Hassan, President of the United Republic of Tanzania inaugurated the Isaka-
Mwanza section on 14th June 2021. In addition, preparations for the construction of the remaining two sections of 
Makutupora-Tabora, and Tabora-Isaka are in the pipeline. Figure 2 indicates that there are 5 stations (Pugu, Soga, 
Ruvu, Ngerengere and Morogoro) between Dar es Salaam and Morogoro, while between Morogoro and 
Makutopora there are  8 stations as indicated in Figure 3. Figure 4 indicate further that there are 9 passenger 
stations including main medium and small between Mwanza and Isaka,   
 

   
Figure 2: SGR stations between Dar es Salaam and Morogoro                      Figure 3: SGR stations between Morogoro and Makutopora 
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Figure 4: SGR stations between Mwanza and Isaka 

 
2.0 PROJECT OVERVIEW  

 
The Standard Gauge Railway, currently being constructed from Dar es Salaam-Morogoro, Morogoro - Makutupora, 
and Isaka- Mwanza involves a total of 1,063 km of electrified railway track (790 km of mainline and 273 km of 
sidings) with a load capacity of 35 tons per axle, speed of 160 km per hour for a passenger train and 120 km per 
hour for a freight train. The SGR has been designed to use modern signaling standards for safe operation where a 
Centralized Traffic Control (CTC) System European Train Control System (ETCS) Level 2 and Global System for 
Mobile communication for Rail (GSM-R) under European Rail Traffic Management System (ERTMS) will be 
deployed.  
 
This system will be accompanied and supported by various systems such as On-Board Units, rolling stock Defect 
Detectors, Fire and Vandalism Intrusion System, Passenger Information System, Freight Management System, 
Ticketing System, Close Circuit Telecommunication (Telephone) system to enhance the performance and 
operation of the Standard Gauge Railway Line. 
 
Through this project, Tanzania Railway Corporation has recruited and involved 102 Tanzanian graduates from 
higher learning institutes and technical colleges in the project for capacity building. In addition, a total of 170 staff 
have been provided with theoretical and practical training in the areas of railway infrastructure and management 
(locally and abroad). As a strategy, Tanzania Railway Corporation has planned capacity building for approximately 
965 employees in the development, management of railway infrastructure and services by 2023/24. 
 
Similarly, TRC has entered into agreements with various institutions such as the Engineers Registration Board 
(ERB), Dar es salaam Institute of Technology (DIT), and other universities as a capacity building and sustainability 
of the SGR. 
 
In addition, the Contractor in collaboration with Tanzania Railway Corporation has hired 824 Tanzanian 
professionals to participate in railway construction works from Dar es Salaam to Makutupora. The involvement of 
Tanzanian Companies has been vividly observed in the SGR Project since TRC has ensured that the Contractor 
provides opportunities for local companies and to date, the Contractor has provided over USD 769 million works 
to 1,663 local companies. 
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3.0 PROJECT PROGRESS 
 
The construction work for the SGR Project is in progress where Dar es Salaam to Morogoro section has been 
completed by 93.73%, Morogoro to Makutupora (Singida) section progress is 72.43% while the progress for 
Isaka–Mwanza section progress is 1.13% for the month of September. Plate 1 indicates images of competed 
sections of SGR project.   
 

 

  
Plate 1: Images indicating some of the completed SGR sections  
 
4.0  CONCLUSION 
 
Tanzania Railways Corporation's vision is to be an efficient and reliable Rail Transport service provider in East 
and Central Africa with a mission of managing rail transport cost-effectively through development, and 
maintenance of railways infrastructure and provision of safe and reliable rail transport services for sustainable 
social-economic development. 
 
Standard gauge railway; the first railway in East and Central Africa designed to use electricity to power 
locomotives and can accommodate passenger trains traveling at 160 kilometers per hour. The main objective of 
Standard Gauge Railway is to add efficiency in transportation especially in Tanzania Railway sector and by 
increasing freight service, cut off time for Passenger and freight trains to boost the economy, improving Social 
Community Welfare through Corporate Social Responsibilities i.e. Building Schools, Hospitals in project 
surrounding areas, boosting agriculture, mining, business, and industry sector by ensuring safe and reliable rail 
transportation of raw and processed agriculture products in Tanzania and Neighboring Countries and finally 
contribute to economic benefits result from cut off transport cost in road maintenance. 
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In a nutshell, the Tanzania SGR construction project for Tanzania can be termed as one of the highly anticipated 
projects and a project of its kind due to the unique features such as 

i. Fastest Railway of East Africa (160KPH) 
ii. East Africa’s First ERTMS Level 2 Signaling System 

iii. One of the Major Railway Tracks designed and constructed in AREMA and UIC Standards 
iv. East Africa’s First Electrified Railway Line 
v. East Africa First Heavy Haulage Railway (35T per Axle Load) 

 
The construction of SGR has the following benefits;  

i. Reduction of travel time i.e. from 3 hours to approx. 75 minutes for Dar es Salaam to Morogoro, and 7 
hours to approx. 3 hours for Dar es salaam to Dodoma 

ii. Provision of the path to Industrialization as per Tanzania’s Sustainable Development Goals (SDG) 
iii. Reduce transportation costs by almost 40% through the use of electric train  
iv. The national economic distribution which may attract industrialization to other areas in Tanzania 
v. Localization of Economy by using electrical power generated locally, will contribute to currency stability  

vi. Connect landlocked Countries Burundi, Rwanda, Uganda, and the Democratic Republic of Congo to the 
Port of Dar es salaam 

vii. Environmental benefit as switching to a renewable resource (electricity) will reduce the production of 
harmful gases as fossil fuel (petrol and diesel) combustion contributes to polluting emissions, especially 
of carbon dioxide, one of the most dangerous of the greenhouse gases. 

viii. With the completion of the SGR construction, TRC will achieve its objectives that will also benefit the 
people of Tanzania  
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PROSPECTS FOR UBIQUITOUS MOBILE BROADBAND CONNECTIVITY AND SERVICES IN TANZANIA 
 

By 
Peter Chitamu and Libe Massawe 

Electronics and Telecoms Engineering Department 
College of Information and Communications Technologies  
University of Dar es Salaam, Email: pjchitamu@yahoo.com 

 
ABSTRACT 
Broadband Connectivity refers to the ability to offer internet services with relatively high connection 
speeds which is defined as 2 Mbps in the Tanzania National ICT Policy of 2016. Due to its importance, 
in 2010 the ITU and UNESCO established the Broadband Commission for Sustainable Development to 
help formulate technical and other guidelines and policies to help UN member states to get the most 
out of broadband connectivity and services. Recent TCRA statistics show subscriptions for voice at 86% 
and for internet at 43% of the population.  However, realistic numbers are about 50% for voice and 
25% for internet due to multiple SIM registrations. Most worrying from the statistics is the fact that 
both the voice and internet tele-density growth curves appear to have flattened out indicating that 
there are no substantial new connections. In this paper we investigate and analyse the mobile 
broadband deployment challenges and propose solution to help increase the internet subscription 
numbers to attain ubiquitous mobile broadband connectivity and services.  
 
Key Words: Mobile Broadband, Internet Services and Telecoms Innovations   

 
1.0 INTRODUCTION 

 
Broadband internet is recognised as an essential pillar of a successful economy with both economic and socio 
benefits. In 2010 the ITU and UNESCO established the Broadband Commission for Sustainable Development. The 
commission describes broadband internet as “the nervous system of the global economy”. Broadband is seen as 
an indispensable driver of economic development as well as an enabler for technological and social transformation 
at the individual, enterprise and government levels [ITU, 2020]. Examples of services and use cases from digital 
transformation realm may range from high-speed downloads and internet access, collaborative environments 
such as Skype, VoIP, online audio and video streaming, online newspapers, radio and TV services, concurrent 
infotainment services and others that need high speed connectivity to deliver acceptable quality of service (QoS) 
and quality of experience (QoE) to users.  
 
The UN considers Universal broadband connectivity as a fundamental element of an inclusive and sustainable 
world through sustainable development goals, a successor to the Millennium Development goals.  The UN 
Broadband Commission has setup up a target that by 2025, entry-level broadband services should be made 
affordable in developing countries like Tanzania and achieve at least a broadband internet user penetration of 
35%.  Another advocacy target for the UN Broadband Commission is getting businesses online and improve 
connectedness of Micro-, Small- and Medium-sized enterprises (MSMEs) by 50% by sector [ITU, 2020]. Broadband 
services can be delivered using either mobile or fixed (wired and wireless) broadband network infrastructure. For 
the Tanzania case, over 98% of users get broadband services over mobile broadband networks of 3G and 4G. 
Consequently mobile broadband is considered as one of the key enablers for growth in the different sectors of the 
Tanzanian economy.  
 
From connectivity considerations, 3G WCDMA UMTS/HSDPA/HSDPA+/EVDO/4G LTE networks deployed by 
companies like TTCL, Smile, Halotel, Vodacom, TIGO and Airtel have become the platforms of choice for users in 
the consumer and SMMEs market segments while cable, fiber and fixed wireless broadband offered by ISPs like 
RAHA and Simbanet have become the preferred connectivity method in the corporate and enterprise market 
segments. 
 
According to recent TCRA statistics [TCRA, 2020], voice subscriptions as reported by operators is 86% and 
internet subscriptions is at 46% of the population.  However if we take into consideration the impact of multiple 
SIM card subscriptions, the realistic numbers are around 50% for voice and 25% for internet or broadband 
services. Most worrying from the statistics is the fact that both the voice and internet tele-density growth curves 
appear to have flattened out indicating that there are no substantial new connections (Figure 1). This is a very 
worrying trend and does not paint a good picture of prospects for ubiquitous or near-ubiquitous population 
coverage for high-speed broadband internet in this country.  
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Figure 1: Tanzania Voice and Internet Tele-density 2014 to 2020 [TCRA, 2020] 

 
The difference between voice and internet tele-densities is not surprising. It is much more expensive to deploy 
infrastructure for internet services compared to voice services (more than 10 times increase in cost in low density 
areas). Table 1 shows the differences between voice centric network like 2G and data centric network like 3G and 

4G. Figure 2 shows typical target Link BER for voice and data services and Figure of Merit 𝐄𝐛 𝐍𝐎⁄   . 
 
The broadband infrastructure challenges can be attributed to many factors such as users’ profiles, operating 
environments, technology limitations, high cost of service provision or its equivalent economic factors (disposable 
income and affordability), licensing and regulatory as well as policy issues which are explored in this paper. 
Broadband infrastructure and services have become fundamental to the socio-economic development of any 
country supporting a wide range of application areas such as for consumers,  residential, SMMEs, corporate and 
industrial use cases hence we have e-Government, e-Education, e-Health, e-Finance, e-Filing system at the High 
Court and so on.  The pervasiveness of broadband services is the new yardstick to measure the level of socio-
economic development of a country as there is very high correlation between broadband access and the level of 
socio-economic development.  
   

Table 1 Network KPIs for Voice and Data centric Network 
S/N Network KPI Voice Centric Network Data Centric Network 
1 Mobility Level Full Mobile Portable, pedestrian 
2 Bit Error Rate Error Tolerant, 10-3 Error Intolerant, 10-5  
3 Single user Data Rates 10 kbps 2 Mbps 
4 Convergence of services 1-Dimension, narrowband 

services 
Multidimensional broadband 
Converged services, use cases 

5 Radio channel characteristics Not affected much by 
multipath, limited ISI 

Severely impacted by multipath hence 
migrations from 2G, 3G, 4G and now 5G  

6 Backhaul Requirements  Typically 2 to 3 E1s (6 Mbps) 
per BTS 

Typically 20 to 30 E1s for 3G and 80 to 
100 E1s for 4G 

7 Connectivity or BTS 
interfaces 

TDM, E1s (PDH & SDH), 
hierarchical network 
topology 

IP providing scalable and distributed 
connectivity 
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Figure 2: Typical target Link BER for voice and data services and Figure of Merit  𝐄𝐛 𝐍𝐎⁄  

 
This is the reason why ubiquitous mobile broadband infrastructure and services is such an important matter and 
something that Tanzania should aspire to achieve. The ITU has researched on barriers for broadband adoption 
and have come up with 4 major barriers. The key barriers are lack of broadband infrastructure, Digital skills, 
Relevancy of contents, applications and services and affordability of handsets and airtime. This makes it harder to 
reach the unconnected especially those in rural areas. In the Tanzanian operating environment it therefore 
requires more concerted efforts to reach ubiquitous or near-ubiquitous population coverage for high-speed 
broadband as this will require substantial new investments and may require some form of public funding 
especially in low population density areas.  
 
The rest of the paper is organised as follows: Section 2 described the mobile radio channel, how it limits data rates 
and mitigations in different mobile broadband networks. Section 3 summarizes the user profiles and usage 
patterns while section 4 summarizes some impediments due to policy and regulatory matters. We present our 
recommendations on way to ubiquitous or near-ubiquitous broadband population coverage in section 5. Summary 
and references follow in section 6 and 7, respectively. 
 
2.0 MOBILE RADIO CHANNEL AND TECHNOLOGY LIMITATIONS  
 
A wireless connection from transmitter to receiver can take the form of either Line of Sight (LOS) or Non-Line of 
sight (NLOS) propagation. In general for mobile broadband we deal with NLOS propagation and hence 
susceptibility to multipath propagation which increases the Bit Error Rate (BER) due to Inter-Symbol Interference 
(ISI). The ISI causes irreducible BER hence increases in signal power will not mitigate the interference caused by 
multipath propagation. 
 
A mobile broadband channel can be represented as shown in equation 1 where we show three random variables 

associated with a broadband radio channel namely multipath resolved random amplitudes 𝛼𝑖  random delays 

𝜏𝑖 and random phase ∅𝑖 . The amplitudes are normally modelled as a stochastic process with Rayleigh or Rician 
pdf while the phase and time delays are normally modelled as random variables with a uniform pdf. 
 
This is what happens. Depending on the multipath resolving capabilities of a given network, the mobile radio 

channel can be represented by a tapped delay line with time varying amplitudes 𝛼𝑖 and random phases ∅𝑖 for the 
ith multipath component. Depending on the network on air data rates, the multipath delays are resolved as bins at 

random delay times 𝜏𝑖.  

Voice

Data
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ℎ(𝑡, 𝜏) = ∑ 𝛼𝑖(𝑡)𝑒𝑗∅𝑖𝛿(𝑡 − 𝜏𝑖)                          (1)

𝑁

𝑖=0

 

Figure 2 shows a two–ray multipath channel model while Figures 3 and 4 show the impact of multipath 
propagation on the magnitude responses of the multipath channel using a simple two–ray channel model, 
(Equation 2).  
 
The multipath component at t = 0 represents the shortest path between the transmitter and the receiver. When 
the direct path has LOS to the receiver, then we have a Rician channel model otherwise it will be a Rayleigh channel. 
 
Table 2  Multipath Resolving Capabilities of Selected Mobile Networks 

 
  Note:  FS-Frequency Selective Fading    FF - Flat Fading  
 
For a two-ray channel, N=1 we have:  
 
ℎ(𝑡, 𝑇) = 𝛼0𝛿(𝑡) + 𝛼1 exp(−𝑗∅) 𝛿(𝑡 − 𝑇)  
 
 𝑜𝑟  𝐻(𝑓, 𝑇) =  𝛼0 +  𝛼1 exp (−𝑗(∅ + 2𝜋𝑓𝑇)          (2)  
 
From Figure 3 we can establish that as the delay between the two rays increase from T/4 to 2T where T is the 
symbol period, the channel changes from flat fading curve ‘a’ and ‘b’ to  frequency selective fading curves ‘c’ to ‘e’ 
with the last one having two deep notched within the pass-band normalized to delay τ = T. The varying of τ 
represents the effect of changing the data rate for a given multipath channel. 
 
In Figure 4 we have a fixed two-ray channel and we see the impact of varying the relative strength of the multipath 
components. It can be seen that as the strength of the multipath components increases from 0.25 to 0.75 the notch 
within the pass-band increases by over 12 dB. This will cause substantial distortion of the received signal if nothing 
is done at the receiver to mitigate the frequency selectivity. 

 

 

Network Channel 
Spacing

Data Rates Multipath 
Resolution (s)

Fading 
Mode

1 GSM 200 kHz 270 kbps 3.703 FS

2 CDMA 2000 1.25 MHz 1.23 Mbps 0.813 FS

3 WCDMA/HSPA 5 MHz 384 Mbps 0.260 FS

4 LTE/OFDMA 15 kHz 30 kbps 33.333 FF
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Figure 5 Impact of relative strength of the multipath components 

 
From propagation measurements carried out in different parts of Tanzania [Chitamu, 1995; and Chitamu, 1998], 
we note that the excess delay spread in some parts of Tanzania like USA River and Lushoto can be quite excessive, 
more than 40 μs. Typical urban areas have multipath delay spread of less than 5 μs and many mobile broadband 
networks are designed to cope with multipath delay profiles of urban and dense urban operating environments. 
 

 
Figure 6 Multipath delay profile from Propagation measurements, USA River 

 
Multipath propagation limits the effective bandwidth of the channel called coherence bandwidth as seen in Figure 
6 and hence has the effect of limiting the maximum data date that can be transmitted over the channel. There is 
also an impact on the coverage range.  By combining the effects of operating frequency, operating environments 
and mobility we can get an overall pathloss which has three components namely free space loss, lognormal 
shadowing loss and Rayleigh fading loss as shown in equation 3 and Figure 7. 
 

𝑃𝐿 = 𝐹𝑟𝑒𝑒 𝑠𝑝𝑎𝑐𝑒 𝑙𝑜𝑠𝑠 + 𝐿𝑜𝑔𝑁𝑜𝑟𝑚𝑎𝑙 𝑆ℎ𝑎𝑑𝑜𝑤𝑖𝑛𝑔 + 𝑅𝑎𝑦𝑙𝑒𝑖𝑔ℎ 𝐹𝑎𝑑𝑖𝑛𝑔              (3) 
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Figure 7: Components of a mobile broadband channel, pathloss 

 
The overall impact is to have a pathloss with exponent n. Typically the pathloss exponent in free is n=2 while in 
flat terrain is n=4 and for hilly areas the pathloss exponent can be n=5 or more. For example: Based on our 
propagation measurement results, in flat terrain like Ngudu in Mwanza the pathloss slope is 4.2 while in Iringa 
with undulating landscape it is around 5.1, while hilly areas of Lushoto and Usa river it is over 6 to the distance 
[Chitamu 1995]. 
 
3.0 IMPLICATIONS IN TANZANIA OPERATING ENVIRONMENTS 
 
As noted in Section 2, the lognormal shadowing and Rayleigh fading components are influenced by the operating 
environments: Dense Urban, Urban, Sub-Urban and Rural areas. However in Tanzania most people reside in 
sparsely populated rural areas. This makes the network design to be coverage limited. This means coverage is the 
main concern more than capacity of the BTS and consequently the aim is to have a large macro-cellular coverage 
is possible. However, the more coverage you have the more susceptibility to multipath propagation and its 
impacts. In general there is much increased pathloss slope which reduces the received signals strength and 
correspondingly the achievable data rates. 
 
Due to the impacts of multipath fading, it is not feasible to have both large coverage area and high-speed digital 
communications link at the same time. For this reason, so as to achieve very broadband coverage like in 5G radios, 
the strategy used is to have small cells deployment.  
 

 
Figure 8: Impact of Distance on Broadband Connection speed 
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The network design is a trade-off between coverage, capacity and achievable data rates. In terms of coverage it is 
normally designed with 2% outage probability at the cell edge from both lognormal shadowing and Rayleigh fading 
considerations via a link budget that defines the key parameters of radio link such as data rate, received signal 
strength (or pathloss) and signal bandwidth as the main parameters as shown by equation 4. 
 

 
𝐸𝑏

𝑁𝑂
⁄ =

𝑃𝑅
𝑅⁄

𝑁
𝑊⁄

=
𝑃𝑅  𝑊

𝑁   𝑅
                                 (4) 

 
where Eb/No is the receiver figure of merit in digital communications networks, PR is the received signal power, N 
is noise power, R is data rate and W is the signal bandwidth. This expression shows the trade-off between coverage 
and data rate. As you go away from the transmitter (BTS), the received signal strength PR reduces and 
correspondingly the ability for the link to support high speed communications reduces.   
 
In general, high speed broadband communications is easier to achieve in small coverage areas (pico- and micro-
cellular coverage) rather than very large macro-cellular coverage areas. The achievable data rate at the receiver is 
inversely proportional to the distance d and the pathloss exponent n which represents the radio operating 
environments. This means at some distance away from the BTS the radio link can no longer be defined as 
broadband although it might still support narrowband services like voice and SMS. 
 
This behaviour is what happens with most networks in Tanzania even in urban areas where the BTS deployment 
density is not enough to support ubiquitous broadband connection. You will notice the Smartphone changing from 
H+, H, 3G and 2G depending of which network can serve the customer best in a particular location. 
 
3.1 Backhaul Networks  
One of the major areas of concern in broadband infrastructure roll-out in Tanzania is the backhaul infrastructure. 
Because of the many sparsely located sites with relatively low traffic, the costs for backhauling sites are very high. 
Although there is the National ICT Backbone network but it has very limited number of Point-of-Presence (POPs) 
and also it uses mainly E1s (SDH technology) which doesn’t have the scalability and flexibility to aggregate traffic 
and share capacity between sites. According to (Chitamu, 2016; Chitamu et al, 2004 and Chitamu, 2008), a network 
suitable for the Tanzanian operating environments must have a robust last mile to cope with excessive multipath 
fading over large coverage areas as well as distributed connectivity of sites to aggregate and route traffic at the 
transmission networks as desired.  
 
Most existing sites in Tanzania started as 2G GSM sites for voice services which doesn’t require large amount of 
backhaul capacity per site. A typical 2G site requires about 3 E1s (6 Mbps). However when the sites are upgraded 
to support mobile broadband using 3G then suddenly each site will require 20 to 30 E1s (60 Mbps) when using 3G 
and 80 to 100 E1s (200 Mbps) for 4G LTE which a significant increase in backhaul capacity when migrating from 
2G to 3G / 4G. Even in rural areas you may still need to provide 15 to 20 Mbps to support bursty IP traffic. 
 
Figures 9 and 10 illustrates the backhaul challenges when migrating from 2G to 3G/4G. In most developed 
countries the migration is done by removing 2G and deploying a new 3G or 4G networks. This might not be possible 
in Tanzania since many users are still on 2G and the socio-economic situation might not be able to support the 
complete removal of the 2G infrastructure. 
 
To support broadband deployment in Tanzania there have to be a re-design and provision of new backhaul 
facilities to enable mobile broadband connectivity throughout the country to achieve ubiquitous coverage and 
services.  On the other hand to upgrade previous sites designed to support 2G GSM voice services, a proper 
deployment strategy has to be devices to meet both coverage and data rate requirements at the same time. 
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In Figure 9, we see several 2G GSM sites daisy chained on the backhaul with each site allocated 3 E1s (6 Mbps). 
However, if we enable entry level mobile broadband at each site then suddenly, we need at least 10 E1s (20 Mbps) 
of backhaul capacity per site. Since the radios on the microwave backhaul links were designed many years ago and 
spectrum is scarce resource, this is not a simple upgrade task on the microwave backhaul capacity. It requires a 
re-design of the whole end-to-end backhaul network infrastructure and the microwave equipment. Upgrading any 
site on the BTS chain requires substantial investment to upgrade the whole backhaul network from where the 
upgrade is done. 
 
4.0 RECOMMENDATIONS FOR UBIQUITOUS OR NEAR- UBIQUITOUS BROADBAND COVERAGE AND 

SERVICE 
 
Broadband services are no longer an option, it is a must for any modern economy. National regulator (TCRA) and 
International (ITU) statistics show that Tanzania is struggling to deliver on broadband connectivity and services. 
It is a costly endeavour which requires stakeholders to pull in same direction to achieve Ubiquitous or Near- 
Ubiquitous Broadband Coverage and services. Taking into account the above information related to the key 
limitations on ubiquitous mobile broadband coverage and given the high costs for deploying and operating mobile 
broadband networks, here is a general list of recommendations to remove the infrastructure obstacles: 
 
i) All stake holders and especially operators and TCRA should first clearly understand the nature of the 

challenges so that correct and timely regulatory and policy interventions can be provided. 
 
ii) The government should introduce policies and strategies on broadband connectivity and services and the 

wider digital transformation and the digital economy. 
 
iii) Operators should adopt technologies that are not inherently coverage limited due to the impacts of 

multipath propagation and make proper choices for operating frequency. For example it is 
counterproductive and problematic to use UMTS solutions in the 2.1 GHz range for universal broadband 
coverage. 

 
iv) Operators to consider solutions that are more robust in macro-cellular multipath operating environments 

such as LTE (in lower frequencies) or EV-DO in the 800 MHz band. Alternatively adopt small cells 
deployment strategy. 

 
v) The country should modernize and expand the National ICT Backbone. A National IP Backbone network 

that is easily accessible from many POPs will be very helpful. 
 
vi) Through Digital Transformation policy and strategies, make ICT work for all in the different sectors of the 

economy. The strategy should include user training on a set of introductory mobile broadband services that 
many people can identify with especially first-time users. 

 
vii) TCRA and the government should explore ways to drive down cost of providing broadband services such 

by reducing various regulatory fees and continuously improving the investment climate and to refrain from 
actions that increase business risks and threaten innovations in the local telecoms industry.  
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viii) TCRA should adopt a more friendly regulatory approach rather than aggressive and domineering position 
in the industry.  ITU promotes collaborative regulation as a key to unlock digital transformation. TCRA 
should work with the operators to understand their concerns, challenges and they should setup legal and 
regulatory framework to help operators rather than impede their efforts to provide services in a more cost-
effective manner. 

 
ix) TCRA should remove legacy rules that restrict providers from innovating. These include rules and 

regulations that impose costs to operators without good regulatory policy rationale. For example: If VoIP is 
allowed under the converged licensing framework, why are ISPs not allowed to interconnect directly with 
mobile operators?  

 
x) Spectrum is key to unlock broadband potential in this country. TCRA should adopt a more flexible radio 

spectrum licensing regime to facilitate new players with innovative business models and products and 
services offerings. They should also investigate spectrum sharing options amongst operators especially for 
backhaul microwave frequencies. 

 
xi) Handsets and CPEs is another area of major concern for mass adoption of broadband services. They tend to 

be expensive, at least US$100 per unit or over US$ 100 Mil for 1 mil units. The challenge is to get the right 
certified handsets for the capabilities of a specific mobile broadband network (WCDMA, HSDPA, HSUPA, 
HSPA+, LTE and LTE+). Being a pre-paid market, TCRA should arrange bulk procurement of handsets and 
CPEs arrangement to guarantee that we get certified devices at reduced prices. 

 
xii) Lastly, the top barriers to mobile internet adoption for developing countries are lack Digital Skills, lack of 

broadband infrastructure, affordability of handsets and airtime and concerns about security while online 
[ITU, 2020]. TCRA should commission a study to understand and address the underlying problems for 
broadband connectivity and services. 

 
5.0 CONCLUSION AND RECOMMENDATIONS  
 
Operating environments dictate which broadband solution will be most cost-effective in a specific service area. 
We normally start by classifying operating environments as being dense urban, urban, semi-urban and rural. For 
rural areas and most parts of Tanzania, we see extreme variations in terrain, vegetation and socio-economic 
activities especially from one region to another. Their common factor is the sparse population ranging from 20 to 
200 people per square kilometre. Broadband connectivity and access in rural and many areas of Tanzania will not 
happen at the same level of mobile voice or even a fraction of that without taking an approach that takes into 
account the peculiar nature of the Tanzanian market and operating environments including terrain, usage 
patterns, low incomes and other dynamics of the broadband market.  
 
Current 3G networks based on UMTS family of networks operating in 1.8 GHz and 2.1 GHz are capacity limited 
networks and not suitable for many areas outside major cities and towns with low population densities designated 
as coverage limited areas. We recommend a network with robust last mile such as 4G LTE and EV-DO in lower 
(sub 1 GHz) operating frequencies. A national IP backbone network is a pre-requisite for nationwide deployment 
of mobile broadband networks. This may require upgrade and significant improvements on the current National 
ICT Backbone (NICTBB) network. We can conclude that the government and TCRA should setup a policy and 
regulatory framework to support the development of the ubiquitous or near-ubiquitous mobile broadband 
network deployment and services. It is always a good starting point to help drive down the cost-of-service 
provision and attract players to the market. 
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ABSTRACT 

The research aimed at developing a novel approach for the utilization of Dar es Salaam city domestic 
waste for production of clean energy. The study determined amount and composition of the waste 
and analyzed different types of technologies that could be used to produce energy from domestic 
waste as well as different possible forms of energy that could be produced from waste. The study found 
out that the Dar es Salaam city is challenged by rapid population growth and urbanization which 
lead to fast domestic waste generation and energy demand. Analysis of the composition of the waste 
showed that more than 75% is organic material but also that only about 40% of the generated waste 
is collected leaving behind a large amount (60%) uncollected. Appropriate and suitable treatment 
options of the organic fraction were evaluated, and best pathway suggested to address the 60% of 
uncollected waste and thus help alleviate the growing domestic waste problem while introducing 
clean, renewable energy source option into the energy matrix of the city. The study used quantitative 
methods and secondary data sources including literature survey of reports and data archives, 
statistical data (Census) as well as information from relevant databases. The data were analysed and 
processed using MS-Excel 2016 and appropriate equations. The amount of domestic waste generated 
was averaged to be 0.9 kg/person/ per day while the total population of Dar es Salaam was predicted 
to be 6,804,016 inhabitants as of 2020. The total quantity of domestic waste generated in Dar es 
Salaam in 2020 was found to be 2.235 × 105 kg/year or 223.5 t/year. The size of a bio-reactor to 
accommodate the calculated domestic waste was 551,125.3 m3. The biogas and methane yields were 
found to be 657,272 m3/day and 460,090.4 m3/day, respectively. It is concluded the best way to utilize 
Dar es Salaam city domestic waste is to produce and use biogas as a source of heat energy for cooking 
stoves, where the consumption rate was found to range from 200 to 450 litters (0.20– 0.45 m3) per 
hour. 
 
Keywords:  Biogas, novel, reactor, sustainable, urbanization 

 
1.0 INTRODUCTION 
  
Dar es Salaam is the third fastest growing city on the African Continent. It is situated on the shores of the Indian 
Ocean and is the economic powerhouse of Tanzania–East Africa’s largest nation (Federation, 2013). Dar es Salaam 
is a tropical city, situated approximately 7o south of the equator. The average temperature throughout the year is 
30oC, while the average relative humidity is 80%. Dar es Salaam is the largest city in Tanzania. The city’s 
population, which has grown from 840,000 in 1978 to roughly 4.4 million persons in 2013, accounts for 
approximately 10% of Tanzania’s population.  It’s a relatively young city-over 50% of the population are under 
twenty-five years old. It’s politically split up into five municipalities, namely; Ilala, Kinondoni, Temeke, Ubungo 
and Kigamboni (Figure 1), that cover an area of 1,800 km2 of both water and land mass (CIA, 2013). 
 
Fast growth in population, urbanization, economic growth, and associated consumption patterns in Dar es Salaam 
have significantly added to the volume of Domestic Solid Waste (DSW) and energy demand. However, from a 
pessimistic viewpoint, DSW is a problem causing pollution and other related environmental and health disasters. 
By this perspective, additional waste volumes jeopardize sustainability of the ecological system and human health 
(Kazuva, et al., 2018). This perspective is most evident in Developing Countries (DC), as their waste management 
resources are more limited than those in developed countries. 
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Figure 1: Map of Dar es Salaam city, Source: (Kazuva & Zhang, 2019) 

 
In DC, DSW is considered a major urban pollutant, posing risks to the environment and public health (Qdais, 
2007). For example, a study on DSW management challenges in DC, which used Tanzania as the case study, 
indicated that over a period of 20 years, collected waste was always less than 40% (on average) of the total waste 
generated in Dar es Salaam (Kazuva, et al., 2018). DSW is disposed of in open dumps that lack proper 
environmental pollution control and monitoring. DSW from households can be converted to useful energy forms 
such as bio-hydrogen, biogas, and bio-alcohols through waste-to-energy routes (Turkenburg, 2000).  
 
Therefore, this study reviews potentially desirable scientific approaches to deal with the DSW problem in the 
rapidly urbanizing city of Dar es Salaam. It analyses different waste-to-energy pathways until the best option is 
achieved with respect to the actual situation of DSW and energy requirements in Dar es Salaam. 
 
2.0 LITERATURE SURVEY 
 
2.1 Introduction 
Domestic waste is the waste that is generated from the ordinary day-to-day use of domestic premise and is either 
organic or inorganic (Green, 2018). DSW is thus either: 
 

(i) taken from the premises by or on behalf of the occupier who generated the waste; without consideration 
(e.g., payment, reward or other benefit); or 

(ii) collected by or on behalf of a local government as part of a waste collection and disposal system. 
 

It is not DSW if it is: 
o taken from domestic premises under a commercial arrangement (e.g., waste collected in a skip supplied 

by a commercial operator); or 
o generated at domestic premises because of a commercial arrangement (e.g., waste generated by a builder 

paid to perform renovations or by a commercial lawn mowing or gardening contractor). 
 
This type of waste would be classified as commercial waste which is any waste other than domestic waste: 
o generated because of the operation of a not-for-profit organization or carrying out a business, including 

associated lawn and garden clippings from normal maintenance of the business premises. Such waste also 
includes rubbish produced by a business’s customers (e.g., food wrappers and containers). Some 
waste facilities do not accept commercial waste.  

 
2.2 Composition of DSW in Dar es Salaam 
Information on the composition of the DSW is important in evaluating tools and equipment needs, collection 
systems, disposal methods and management plans. The composition and types of Dar es Salaam DSW 
(International Solid Waste Association, 2017) is largely organic (organic waste, paper and cardboard) as shown in 
Table 1. 
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Table 1: Domestic waste types and composition in Dar es Salaam 
 

S/N WASTE COMPONENTS WASTE COMPOSITIONS (% WEIGHT) 
1. Organic materials 74.1 
2. Sand 0.2 
3. Paper and cardboard 8.3 
4. Plastics 9.0 
5. Glass 0.8 
6. Metal 0.6 
7. Residual 7.0 

Source: (International Solid Waste Association, 2017) 

 

2.3 Domestic Waste to Energy Technology (WTET) Options  

Waste to energy refers to a family of technologies that treat waste to recover energy in a form of heat, electricity 
or alternative fuels such as biogas that can then be used directly or otherwise to generate electricity. There are 
three main pathways for conversion of domestic waste to energy (Salman, 2012) namely:  

 Thermochemical conversion; 
 Biochemical conversion and, and 
 Physicochemical conversion. 

 

(a) Thermochemical conversion 
The method is characterized by high temperature and conversion rates and is thus best suited for low moisture 
feedstocks and is also generally less selective for products. The process is appropriate for wastes containing high 
percentage of organic, non-biodegradable matter and moisture content of less than 20 % (Salman, 2012). Some of 
the main preferred technology options include: combustion, pyrolysis, gasification and incineration (Sharmina, et 
al., 2012). 
 
(b) Bio-chemical conversion 
The method is preferred for wastes having high percentage of organic biodegradable (putrescible) matter and high 
moisture content. Some of the main preferred technology options include: anaerobic digestion and fermentation. 
Anaerobic digestion can be used to recover both nutrients and energy contained in organic wastes such as animal 
manure. The process generates gases with a high content of methane (55–70 %) as well as bio-fertilizer. 
 
In waste-to-ethanol bio-chemical conversion process, alcohol transforms organic fraction of the waste by 
fermentation in a series of biochemical reactions using specialized microorganisms. Cellulosic ethanol can be 
produced from grasses, wood chips and agricultural residues by biochemical route using heat, pressure, chemicals 
and enzymes to unlock the sugars in biomass wastes (Nyangi et al., 2013), (Salman, 2012). 
 
(c) Physio-chemical conversion 
The method involves various processes to improve physical and chemical properties of solid waste. The 
combustible fraction of the waste is converted into high-energy fuel pellets which may be used in steam 
generation. Fuel pellets have several distinct advantages over coal and wood because it is cleaner, free from 
incombustibles, has lower ash and moisture contents, has uniform size, cost-effective, and eco-friendly (Salman, 
2012). 
 

2.4  Proposed Domestic Waste to Energy Technology (WTET) 

The selection of an appropriate WTET for Dar es Salaam was based on standard criteria based on the 
appropriateness of the three methods in 2.3 above–Solid wastes with high moisture content (i.e., waste food, 
vegetables, etc.,) are very suitable for anaerobic digestion with advantage of producing biogas and digestate 
(Habib, et al., 2020). As biogas contains a significant amount of CH4, it can be used for cooking, power generation, 
in engines, etc. Digestate can be modified to compost for use in the land (Habib, et al., 2020).  Table 2.1 shows that 
waste produced in Dar es Salaam consists of 82.4% organic portion (74.1% organic material and 8.3 paper and 
cardboard). Therefore, anaerobic digestion stands out as an interesting way to manage domestic waste in DSM. 
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3.0 PROBLEM DEFINITION 
 

Domestic waste management is one of the many problems facing large cities like Dar es Salaam, in Tanzania. About 
60% of the waste generated in urban areas is not collected or is inappropriately disposed-of. In Dar es Salaam 
population is increasing at such a high rate that available mechanism and measures in place are unable to timely 
collect and properly dispose-of all the domestic waste generated in the city. This situation results in accumulation 
of waste in households (Majani, 2002). The produced but uncollected DSW are potentially harmful to health as 
they lead to the wide spread of infectious diseases, and result to high environmental impact such as air, water and 
soil pollution. Improper handling of the produced DSW including burning and poor incineration may lead to 
emission of greenhouse gases which are responsible for global warming and lead to change in climate and weather 
conditions (Alam & Ahmade, 2013). 
 

On the other hand, energy requirements in Dar es Salaam keep on increasing due to population growth and 
urbanization. Increased use of energy resources (largely fossil fuel which is widely used) lead to higher emissions 
of greenhouse gases with negative impact on the environment. Thus, there is the need to timely come up with 
more sustainable (renewable) energy resources which is affordable and more environmentally friendly. Biofuels 
are renewable, environmentally clean and will significantly reduce the fossil fuel consumption (Deublein & 
Steinhauser, 2008). To meet the rising demand for energy in Dar es Salaam and address environmental concerns, 
there is a need of developing an environmentally-friendly technology for recovery of energy from DSW. 
 
4.0  OBJECTIVES 
 
The study was guided by the following main and specific objectives: 
 
4.1 Main Objective 
The main objective of the study was to develop a novel and environmentally friendly approach for producing 
energy from domestic waste. 

4.2 Specific Objectives 
Five specific objectives guided the study, namely: 
(i) Determination of type, composition and amount of domestic waste generated; 
(ii) Determination of destination and evaluation of alternative possible uses the waste;  
(iii) Selection of the best approach for the utilization of Dar es Salaam domestic waste; 
(iv) Determination of relationship between amount of waste used and energy produced, and; 
(v) Evaluation of conformance of the selected approach to environmental constraints. 

 

5.0   METHODOLOGY  

5.1 Project Design 
The study was quantitative and used data from secondary sources i.e., literature reports including data archives, 
statistical data (Censuses), and other databases. Secondary data was used because it was more affordable and less 
time consuming so that it was possible to gather and analyse more data within limited time available for the study. 
The obtained data was analysed and processed using MS-Excel 2016 and related equations and the results were 
presented diagrammatically using bar graph histograms, pie charts and line chart to track changes of data over 
desired period. The choice of diagrammatic presentation methods and styles was prompted by the fact they 
represent one of the best and attractive ways yet easy to understand the trend compared to textual and tabular 
presentations. The population and waste amounts were calculated using the following equations:   

P =  POert … … … … … … … … … … … … … … . . 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5.1 
V = m × P × n … … … … … … … … … … … … . 𝑒𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5.2 

 
Where: P = Population of Dar es Salaam after time t;  
             Po = Population of Dar es Salaam at 2012; 
             r = Population growth rate (fixed at 5.55 %);  

 t = time in years;   
 e = Euler number = 2.71828  

            V = Volume of generated waste after time t. 
              m = per capita domestic waste generation rate (= 0.9 kg/day. Person) 
              n = number of days in a year (365 days), maintained constant throughout 

Domestic waste types, composition and amount were determined used methods summarized in Table 2. 
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Table 2: Approaches used for domestic waste type, composition and volume determination  
S/N Objective for 

data collection 
Data type Data collection method Data analysis 

and processing 
method 

Data 
presentation 

method 
1. 
 

Determine 
domestic waste 
composition & 
types  

Secondary 
data 

Literature review: 
-Strategy on Organic Waste 
Management in DSM by the 
International Solid Waste 
Association (ISWA) of 2017. 

MS-Excel 2016:  
- Mean  
- Standard 

deviation 
- Variance 

Bar Chart  

2. Determine 2019 
population 
estimates in 
DSM 

Secondary 
data 

Literature review: 
- National Census Report of 

2012. 
- UN Population Review of 

2019. 

Formula and MS-
Excel 2016: 

P =  POert 
 

Line Chart 

3. Determine 
domestic waste 
generation 
volume. 

Secondary 
data 

Literature review: 
The Expert Mission on 
Integrated Solid Waste 
Management (ISWM) in Dar 
es Salaam (2016). 

 
Formula and MS-
Excel 2016: 
V = m × P ×  n 

 

 
Histogram 

5.2  Energy Production from Domestic Waste 
 

The pathway and process selected for the utilization of solid waste to produce energy is schematically shown in 

Figure 2. 

 
Figure 1: Scheme of fixed-dome anaerobic digester Source: (Yvonne, et al., 2014) 
 
5.2.1 Relationship between amount of domestic waste and energy produced 

The amount of energy produced from DSW and reported in this study has been found to depend on the waste 

amount according to the following assumptions and design equation: 

 

Assumptions 

(i) Hydraulic retention time (HRT) is 30 days and 1 kg are equivalent to 1 litre; 

(ii) Total solid content (TS) is 20% of the organic waste; 

(iii) Volatile solid content (VS) is 80% of the TS content; 

(iv) 25% of the total reactor volume is used for gas storage and 75% for active slurry; 

(v) The raw feedstock will be diluted with water in a ratio of 1:2 (Thus V* = 3V); 

(vi) Specific gas production (SGP) is 0.67 m3 biogas/kg VS fed material; and  

(vii) Methane content of 70% in the biogas (Yvonne, et al., 2014). 

(a) Active reactor volume (Vr) 

𝐻𝑅𝑇 =  
𝑉𝑟

𝑉∗ 
 =  

𝑉𝑟

3𝑉
… … … … … … … … … … … … … … … … . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5.3  

𝑉𝑟 = 3 𝐻𝑅𝑇 × 𝑉 … … … … … … … … … … … … … … … … . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5.4 

Where: V – volume or mass of raw feedstock /volume of domestic waste (kg/ day or L/ day). 
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(b) Total solids (TS) and volatile solids (VS) contents. 

𝑇𝑆 = 0.2 𝑉   𝑎𝑛𝑑 … … … … … … … … … … … … … … … … . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5.5  

𝑉𝑆 = 0.8 𝑇𝑆 = 0.8 (0.2 𝑉) = 0.16 𝑉 … … … … … … … . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5.6   

(c) Organic loading rate (OLR) 

𝑂𝐿𝑅 =  
𝑉∗ × 𝑆

𝑉𝑟

… … … … … … … … . … … … … … … … … . 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5.7 

Where: V* is the substrate flow rate (m3/day),  

     S is the substrate concentration in the inflow (kg VS/m3) and Vr is the reactor volume. 

(d) Biogas and methane yield (Q biogas and QCH4) 

𝑄𝑏𝑖𝑜𝑔𝑎𝑠 = 𝑆𝐺𝑃 × 𝑂𝐿𝑅 × 𝑉𝑟  = 0.67 × 𝑂𝐿𝑅 ×  𝑉𝑟      (𝑚3 𝑏𝑖𝑜𝑔𝑎𝑠/𝑑𝑎𝑦) … 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5.8 

 

But for methane  

𝑄𝐶𝐻4 = 0.7 𝑄𝑏𝑖𝑜𝑔𝑎𝑠 = 0.469 𝑂𝐿𝑅 ×  𝑉𝑟   (𝑚3 
𝐶𝐻4

𝑑𝑎𝑦
) … … … … 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 5.9 

Where: SGP – Specific gas production  

 SGP = 0.67 m3 biogas/kg volatile solids of domestic waste (Yvonne, et al., 2014). 

 
6.0    RESULTS AND DISCUSSION 
 
6.1   Domestic Waste Composition 
Information for DSW types and composition shown in Figure 6.1 was obtained from a report, “Strategy on Organic 
Waste Management in Dar es Salaam (DSM)” by the International Solid Waste Association on behalf of Climate and 
Clean Air Coalition (ISWA, 2017. Table1 shows that Dar es Salaam domestic waste is largely composed of mainly 
organic waste. The high in organic composition agree with other literature and suggests that domestic waste is 
best suited for biochemical conversion and can therefore be used as a basic raw material for biogas production 
since in biogas production the organic content of the waste is what matters most. 
 
6.2   Population in Dar es Salaam and Domestic Waste Generation 
From the Tanzania Report of Expert Mission on Integrated Solid Waste Management (ISWM) in Dar es Salaam 
(Huisman, et al., 2016) every person in Dar es Salaam by year 2020 will be producing a daily average of 0.9 kg of 
DSW. The Dar es Salaam City population for year 2012 was obtained from the 2012 Population and Housing Census 
(PHC) for the United Republic of Tanzania which was carried out on 26th August 2012. The population growth rate 
data which was used to approximate the current (year 2020) population of Dar es Salaam was obtained from the 
literature (Review, 2019) and was guided by the following assumptions and relations: 
 
Assumptions: The daily domestic waste production rate was kept constant; Population of inhabitants in 
respective year do not change; 365 days in a year. 
 
Previous relationship (5.2): 𝐕 = 𝐦 × 𝐏 × 𝐧  was used to calculated domestic waste amount. From the World 
Population Review of 2020, the population growth rate (r) of 5.55% was applied for Dar es Salaam.  
 
Assumptions: The growth rate (r) above was kept constant throughout the growth period (2012 to 2020); Initial 
and final population data were held constant thought the project time; The exponential population growth was 
maintained throughput the study. 
Considering the exponential population growth:  
 
𝐏 =  𝐏𝐎𝐞𝐫𝐭 (previous in relationship 5.1) and applying the above formulae information presented in Figure 3 was 
generated:  
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Figure 3: Relationship between Population growth and domestic waste quantity produced 

 
Figure 3 shows that, as the Dar es Salaam population increased waste generated also increased. The increase in 
domestic waste production which is mostly composed of organic waste suggests that there is abundant raw 
material for biogas production by anaerobic digester.  Figure 3 also shows the current Dar es Salaam population 
was estimated to be 6,804,016 inhabitants which is very close to the current Dar es Salaam population data from 
the World Population Review (2020) that gives a value of 6,701,650 inhabitants. 
 
6.3  Reactor Size and Amount of Energy Produced  
The amount of DSW is related to amount of energy that can be harvested from it using a biogas reactor. By recalling 
the formulae from the methodology section, the calculations were performed based on the following assumptions: 
 
Assumptions: 
(i) The raw feedstock will be diluted with water in a ratio of 1-part waste to 2 parts of water; (Thus M* = 3M, 

From literature). 
(ii) Density of diluted feedstock was approximate to that of water (1000 kg/m3); 

 
6.3.1 Reactor volume (Vr)  
The ideal HRT for a tropical climate with an average ambient temperature of 25–30°C is recommended to be 
around 30 days (Yvonne, et al., 2014) which means that an active reactor volume required can be estimated as 
follows: 
 
From equation 5.4: 

𝑉𝑟 =
3 𝐻𝑅𝑇 × 𝑀 

𝜌
=

3 (30𝑑𝑎𝑦𝑠) × 6,123,614.4 𝑘𝑔/𝑑𝑎𝑦

1000 𝑘𝑔/𝑚3
= 𝟓𝟓𝟏, 𝟏𝟐𝟓. 𝟑 𝑚3 

 
6.3.2 Total solids (TS) and volatile solids (VS) contents. 
From equation 5.5: 
 

𝑇𝑆 = 0.2 𝑉  𝑤ℎ𝑒𝑟𝑒;  𝑉 =
𝑀

𝜌
=

6,123,614.4 𝑘𝑔/𝑑𝑎𝑦  

1000𝑘𝑔/𝑚3
= 6,123.6 

𝑇𝑆 = 0.2 𝑥 6,123.6 = 𝟏, 𝟐𝟐𝟒. 𝟕 𝑚3/𝑑𝑎𝑦    
 
From equation 5.6: 

𝑉𝑆 = 0.8 𝑇𝑆 = 0.8 𝑥 1,224.7 = 𝟗𝟕𝟗. 𝟖 𝑚3/𝑑𝑎𝑦 
 

6.3.3 Organic loading rate (OLR) 
The domestic waste used has a Total Solids (TS) content of 20% which means that for 6,123,614.4kg wet waste 
weight, 20%, is equal to 1,224,722.9 kg, dry matter. The Volatile Solids (VS) content of the dry matter is 80%, 
which means Volatile Solids amounts to 979,778.3kg while 244,944.6 kg is non-volatile solids. The balance of the 



31st  National Conference, December 2-4, 2021, Ngurdoto Mountain Lodge, Arusha, Tanzania 

 

Role of Engineering in Rocketing the National Development Trajectory Through Industrialization for Perpetual National Middle-Income Economy |39  
 

bio-waste is water which does not contain Volatile Solids. Therefore, of the 18,370,843.2 L of diluted feedstock, 
the share of Volatile Solids is 979,778.3 kg. Calculated from 1000 litres (i.e., 1m3) of diluted feedstock this is 
equivalent to 53.3 kg VS /m3 inflow (i.e., 979,778.3 * 1 000/18,370,843.2). 
 
From equation 5.7: 

𝑂𝐿𝑅 =  
𝑉∗ × 𝑆

𝑉𝑟

=  
3𝑥 6123.6(𝑚3/𝑑𝑎𝑦) × 53.3 𝑘𝑔 𝑉𝑆 /𝑚3 

551,125.3 𝑚3
(𝑤ℎ𝑒𝑟𝑒 𝑉∗ =  3𝑉) 

= 𝟏. 𝟕𝟖 𝑘𝑔 𝑉𝑆 𝑝𝑒𝑟 𝑚3 𝑟𝑒𝑎𝑐𝑡𝑜𝑟 𝑣𝑜𝑙𝑢𝑚𝑒 𝑝𝑒𝑟 𝑑𝑎𝑦  
 
6.3.4  Biogas and methane yield (Q biogas and QCH4) 
From equation 5.8: 

𝑄𝑏𝑖𝑜𝑔𝑎𝑠 = 𝑆𝐺𝑃 × 𝑂𝐿𝑅 × 𝑉𝑟  = 0.67 × 1.78 ×  551,125.3 = 𝟔𝟓𝟕, 𝟐𝟕𝟐    (𝑚3 𝑏𝑖𝑜𝑔𝑎𝑠/𝑑𝑎𝑦) 

 
But from equation 5.9 for methane: 

𝑄𝐶𝐻4 = 0.7 𝑄𝑏𝑖𝑜𝑔𝑎𝑠 = 0.7 𝑥 657,272 = 𝟒𝟔𝟎, 𝟎𝟗𝟎. 𝟒  (𝑚3 
𝐶𝐻4

𝑑𝑎𝑦
) 

 
6.3.5  Calorific value of biogas 
The calorific value of biogas is around 6.0–6.5 kWh/m3 depending on the percentage of methane present, which 
on average is in the range of 55–70 volume-%, (Yvonne, et al., 2014). Table 3 shows typical calorific values of 
various energy resources as compared to biogas as well as the approximate mass of the given fuel corresponding 
to 1 m3 of biogas (Yvonne, et al., 2014).  
 
Table 3: Calorific value of different fuel sources as compared to biogas-Source: (Yvonne, et al., 2014) 

Fuel Source Approximate 
Calorific Value 

Equivalent to 1 m3 Biogas 
(approx. 6 kWh/m3) 

Biogas  6–6.5 kWh/m3 { 6 kWh/ m3}  

Diesel, Kerosene  12 kWh/kg 0.50 kg 
Wood  4.5 kWh/kg 1.30 kg 
Cow dung  5 kWh/kg dry matter 1.20 kg 

Plant residues  4.5 kWh/kg dry matter 1.30 kg 

Hard coal  8.5 kWh/kg 0.70 kg 
Propane  25 kWh/m3 0.24 m3 

Natural gas  10.6 kWh/m3 0.60 m3 

Liquefied petroleum gas  26.1 kWh/m3 0.20 m3 

 
6.3.6 Biogas potential 
Since the energy produced from 1m3 biogas is 6 kWh, the daily production of 657,272 m3/24h biogas in Dar es 
Salaam is equivalent to 3,943,632 kWh of energy and output power of 164.3 MW (3,943,632 kWh/24h). However, 
the current national (Tanzania) power generation capacity is 1,504 MW (1.504 GW) of which natural gas 
contributes 45 %, hydroelectric power 42 % and liquid fuels 13 %. Thus, utilization of domestic waste from Dar 
es Salaam City to produce power can add 164.3MW to the national grid. Since the characteristics of domestic waste 
in other cities/municipalities and towns in Tanzania is not very different from the results of our study, if the waste-
to-energy technology is extended and implemented beyond Dar es Salaam City and other regions it can help to 
simultaneously reduce the environmental pollution (domestic waste) and energy demand. 
 
6.3.7 Biogas utilization 

Energy from biogas can be utilized in many ways depending on the nature of the gas source and local energy 

demand, but in DC it is widely used in stoves, lamps and engines. The energy conversion efficiency of biogas is 

55% on stoves, 30% in engines, but only 3 % in lamps. A biogas lamp is thus only half as efficient as a kerosene 

lamp. The most efficient way of utilizing biogas is therefore in a heat-power combination where 88 % efficiency 

can be reached. However, this is only possible for larger installations where the exhaust heat is re-used in a heat 

integration system.  
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6.3.8 Gas demand for cooking  

The above results indicate that the produced biogas can be used for cooking since previous tests conducted in 

Tanzania have shown that about 300 litres (0.3 m3) of biogas are required for a one-hour cooking on a simple 

household stove (Yvonne, et al., 2014). 

 

CONCLUSIONS 
The 82.4% by weight of the domestic waste generated in Dar es Salaam is composed of organic matter. The large 
proportion of organic material render the domestic waste suitable the raw material for biogas production, since 
the process of biogas production utilizes the organic part of the domestic waste. The population and quantity of 
domestic waste generated in Dar es Salaam estimated to be 6,804,016 inhabitants and 2.235 × 105 kg/year as of 
2020 respectively. Designed reactor size of 551,125.3 m3 is adequate for the determined Dar es Salaam City 
domestic waste and produce 657,272 m3/day biogas and 460,090.4 m3/day methane yields respectively, which 
will enhance sustainable energy development in Dar es salaam and will help to save other energy sources for 
industrial uses. The research objectives are achieved and best way of utilizing the produced biogas is as the source 
of heat energy for cooking stoves. 
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ABSTRACT  
Tanzania is bestowed with large coal resources which can be categorized as lignite, sub-bituminous to 
bituminous. The study carried out in the past showed that coal is non-coking and cannot be used in iron 
making using the blast furnace route. Blast furnace remains the powerhouse of iron and steel products 
given its thermal and chemical efficiency coupled with economies of scale. This research investigated 
and assessed the possibility of producing metallurgical coke from non-coking coals. Non-coking coal 
from Ngaka mine located in Southern part of Tanzania with the high volatile matter was used in the 
experiment. The 20kg sample of coal was collected from the mine, prepared at Start Mineral 
Laboratory Kahama Branch by crushing using a primary jaw with a closed side setting of 3mm, 
pulverized down to 75microns and then sampled using a square sampling technique. A representative 
sample of 5kg which was homogenized was used in this study. The proximate analysis was done 
according to ISO1171:2010 and ultimate analysis was conducted according to ISO 333:2010. For the 
production of coke, 50g of coal was carbonized in a crucible at a temperature of 920 °C for 18hours 
which formed three products: liquid (tar), gas and residue char. The residue char and liquid product 
were mixed with sawdust with an optimal ratio of 30:70 using mixture D-optimal methodology and 
calcined, left to cool and solidify then tested in the iron blast furnace. The results showed that the 
formed coke had a fixed carbon of 76.67%, carbon content of 78.44% and free swelling index of 6.71% 
which correlates well with metallurgical cokes from coking coals. Therefore, this study recommends 
the use of non-coking coal as the amenable to coke-making for blast furnace ironmaking practice. 
  
Keywords: D-optimal methodology; Ironmaking; Metallurgical coke; Non-coking coal; Sawdust; 

  
1.0 INTRODUCTION  
 
Coal is the fossil fuel most abundant in the world, which is produced worldwide. Coal production stands at 
approximately 4.6 billion tonnes per year, out of which 57% is used for electricity generation, 25% is converted 
into metallurgical coke for iron and steel industries and 18% is used for other industrial and domestic purposes. 
Tanzania has 5 billion tons of coal i.e., more than three times the previously stated figure of about 1.5 billion tones 
(Reuters, 3rd July 2013). Tanzania with its vast iron ore and coal resources can produce huge quantities of iron 
and subsequently steel to satisfy local demand and export to other East African countries. The Government has for 
too long wanted to establish an integrated iron and steel mills in Liganga, Njombe region. It was not until 1982, 
that the Government of Tanzania with the facilitation of UNIDO, entrusted M/S LURGI GmbH of Germany, contract 
No. 82/67; project No. SM/URT/81/004, to conduct the techno-economic study. The study recommended coal-
based direct reduction technology (Rotary kiln) for sponge iron production (0.663 Mtpa) to be melted by a 
Submerged Arc Furnace (SAF with 0.590 Mtpa capacity) for liquid steel production. The technology uses directly 
non-coking coals for the production of solid product, sponge iron, popularly known as Directly Reduced Iron (DRI). 
The Direct Reduction process is categorized into coal-based (mature: rotary kiln–SL/RN) and gas-based using shaft 
furnaces (mature: HYL-III and MIDREX) technologies. There are other alternatives routes for production of liquid 
iron from iron ore: Smelting reduction a two-stage process using coal fines of which mature technologies are 
COREX and FINEX.  
 
Iron is not only an intermediate product that is used as feedstock for steelmaking but also an industrial product 
used in foundries for castings. The blast furnace remains the principal process unit for iron production in the 
industrialized world; and uses coke from coking coals. The continued success of the blast furnace as the major 
primary iron smelting process reflects its very high levels of thermal and chemical efficiency which can be achieved 
and is complemented by economies of scale. It is the opinion of the authors that Tanzania is now ready to explore 
the possibilities of iron production through the blast furnace route taking into account its high investment capital 
and corresponding environmental concerns. 
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2.0 LITERATURE SURVEY 
 
Coal is a sedimentary rock, organic in nature that is made up of varying amounts of carbon, hydrogen, nitrogen, 
oxygen, and sulfur as well as trace amounts of other elements, like mineral matter and methane (Rao, 2016). It is 
a solid, brittle, combustible, carbonaceous rock formed during decomposition and deposition of vegetation by 
compaction, temperature, and pressure which have different colours ranging from brown to black and it’s 
deposited in a coal seam-a bed of coal lying between a roof and floor (Popa, 2018). Coal is formed from giant plants 
that lived hundreds of millions of years ago in swamp forests, and underwent decomposition by bacteria in 
absence of oxygen and made a deposit at the bottom of the swamp then started to be accumulated on top of the 
decomposed plant. After the plant died in anaerobic conditions the materials of biomass were deposited in low 
oxygen and evolve CO2 (Thomas, 2013). After a long period, thousands of years ago, the deposit underwent 
chemical and physical changes due to pressure and heat built up on top of the plants that led to the coal deposit 
(Popa, 2018). The coal formation is affected by the following factors:-pressure, temperature, time of formation, 
depth of the swamp, bio micro-organisms and air. Different coal types were thus formed, generally, coal is formed 
together with sediments which form coal seam (Thomas, 2013). The rank of a coal is characteristic of the stage 
reached by it in the course of the transformation process which began with decayed vegetal debris and the final 
stage of which is represented by the graphite. 
 
Coals are classified based on various parameters: proximate analysis, calorific value, maturity (rank), ultimate 
analysis, caking properties etc. There is no universal classification system of coal. Coals vary in composition 
resulting in different coal types and ranks. In order to make comparisons among different types of coals, the values 
of fixed carbon, volatile matter and calorific value are corrected to a moisture-and ash-free basis. Knowledge of 
the properties of coals in the moisture-and ash-free basis allows for classication (or ranking) of coals. This is shown 
in Table 1. 
 
Table 1: Coal classification according to composition (fixed carbon and volatile matter 

Coals Types Fixed carbon  Volatile matter 
Class Group Min.  % Max. % Min %  Max. % 

Anthracite  Met anthracite 98 - - 2 
Anthracite 92 98 2 8 
Semi anthracite 86 92 8 14 

Bituminous  Low-volatile bituminous 78 86 14 22 
Medium-volatile bituminous 69 78 22 31 
High-volatile A bituminous - 69 31 - 
High-volatile B bituminous  - - - - 
High volatile C bituminous  - - - - 

 
Sub-
bituminous  

Sub bituminous A - - - - 
Sub bituminous B - - - - 

Sub bituminous C - - - - 
Lignite  Lignite A - - - - 

Lignite B - - - - 
 
3.0 PROBLEM DEFINITION 
 
Tanzania is blessed with great resources of coal, a commodity for engineering, business and households. 
Engineering for development requires resources, both human and materials. The basic materials for engineering 
are metals, iron and steel in particular. To produce iron, we need iron ore and coal which are abundant in the 
country. The powerhouse for iron production is a blast furnace which puts as a requirement, metallurgical coke.  

 
4.0 OBJECTIVES 
 
The main objective of this research was to assesses the technology of converting the available coals in Tanzania to 
metallurgical coals for blast furnace ironmaking to meet the local and East Africa iron & steel markets. 
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4.1 Specific Objectives 
 To characterize coal found in Ngaka Coal Mine 
 To produce residue char from non-coking coal  
 To determine the mixing ratio between binder and residue char  
 To characterize and assess the produced coke 

 

5.0 MATERIALS AND METHODS 
 

5.1 Coal sampling and Preparation 
Coal exhibits wide variability concerning size of the particles and is highly heterogeneous since it contains 
inorganic and organic constituents. The objective of taking and preparing a sample of coal was to provide a test 
sample which when analyzed will provide the test results representative of the sampled bulk or lot. For the sample 
to represent the coal from which it was taken, it is collected by taking a definite number of increments distributed 
throughout the whole of coal. Coal is beneficiated by crushing, grinding and size-controlled using screens or 
classifiers depending on end coal uses (Zhu, 2014); (Sanders, 2007).  
 
The sample of coal (approximately 20kg) was collected from Ngaka mine owned by TANCOAL, in Ruvuma Region. 
The sample was bought and prepared at Start Mineral Laboratory Kahama Branch by crushing using a primary 
jaw crusher with a product of P80, 3mm, pulverized down to 75 microns. A sub-sample was taken using the square 
sampling technique to obtain a representative sample of 5 kg which was then homogenized for the analysis of the 
coal. The proximate analysis was determined using standard procedures: ISO1171:2010 (Zhu, 2014). The ultimate 
analysis was done according to ISO333:2010 using empirical methods (Rao, 2016). In the minerals and coal 
industry, characterization by size can be done using several methods, one of which is sieve analysis. It is performed 
to determine the percentage weight of closely sized fractions by allowing the sample of material to pass through a 
series of test sieves. 
 
5.2 Coking and Non-coking Coals 
Coals are classified into coking and non-coking from a business and technology point of view. Coking coals 
(bituminous group) are the ones, when heated in absence of air, volatile matter is removed and carbon particles 
join each other to form a porous cellular mass with sufficient strength, called coke. Non-coking coals are mainly 
used for power generation with different classifications includes Peat, Lignite, Sub-bituminous, Semi-anthracite 
and Anthracite. Coking coal are coals which after heating in absence of air leaves a residual coke, these coals have 
coking properties (Nag, 2016). They are mainly used in iron production in blast furnaces. A measure of the coking 
properties is necessary for coal classification and for selection of coal for different applications. Different countries 
use different standard tests for characterization. The standard tests are: (i) Crucible swelling number or Free 
swelling index, (ii) Agglutinating value or caking index (iii) Gray-King low temperature carbonization assay and 
(iv) Roga index 

 
5.3 Porosity 
The presence of pores on coal is important in the production of coke because they generate a high surface area 
suitable for purifying water and gases. The pores also allow the permeability of gases, slags and liquid iron for fast 
chemical reactions. The metallurgical coke should have a porosity of 25% but not exceeding 50% (Zhu, 2014). 
200g of metallurgical coke was dried by using hot plate and weighed, followed by immersing it in boiling water for 
1½ hours and the trapped water was wiped off and the volume of the coke was measured by displacement of water 
in a special trough made for the purpose. The apparent density was calculated per Equation 5.1. 
 

%υ =
Dt − 𝐷𝑎

𝐷𝑡
100 

(5.1) 

 
Where: Dt-represents the true density of the coal, Da-represents the apparent density of the coal and 
% υ represents porosity of the coal. 
 
5.4 Coke Reactive Strength and Reactive Index 
The property of coal indicates the physical strength of coke. Coke need to be strong to support the iron ore and 
coke mix above it in the blast furnace. The coking coals have CSR of about 50% and 55% indicates a strong coke 
(Rao, 2016). The reactive index is the property of coal that indicates the percentage weight loss of the coal during 
heating. Coke need to be less losers of weight when heated at high temperature. The coking coal must contain the 
loss weight per cent of not more than 25% (Zhu, 2014). Both CSR and CRI were calculated by taking 200g sample 
of 21mm + 19 mm square hole coke and heated to 1100°C under 1 Atm pressure of carbon dioxide for 2hrs the 
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coal was cooled under nitrogen and the weight loss during reaction was determined (W1). The coke was 
transferred to a I-Type drum of 130 mm diameter × 70 mm length and rotate at 20 rpm for 30 min. The coke pieces 
were then taken out and screened on a 10 mm round holes screen. Weigh +10 mm fraction of coke pieces (W2) 
using Equation 5.2 and 5.3. 
 

CRI =
200 − W1

200 
× 100 

(5.2) 

Where: CRI represents Coke Reactivity Index of the coal and W1represents the weight loss during reaction. 

Where: CRS represents coke reactive strength, W1 represent the weight loss during reaction and W2 represents 

weight of coal retained to 10mm aperture.  

 

 
5.5 M40 Index and M10 Index 
This is the percentage amounts of coke retained on 40 mm when being screened. The index measures the strength 
of the coke. The metallurgical coke must have a high M40 percentage of about 75% to 80% (Rao, 2016). The M10 
index is the percentage amounts of coke retained on 10 mm when being screened. The index measures the 
resistance of the coke to breakage by abrasion. The metallurgical coke must have a low M10 percentage of about 
10% to 12% (Rao, 2016). Both M10 and M40 were calculated by putting 200g of dried coke in a Micum drum of 
100cm×100cm size and rotated for 4 minutes at 25rpm making a total of 100 revolutions. The coke was removed 
and screened through 40mm and 10mm screens the percentage retained in the sieve of 10 mm and 40 mm were 
individually calculated. 
 
5.6 Composition of Coal based on Proximate Analysis 
Proximate analysis is a laboratory procedure aimed at measuring major characteristics of coals that help predict 
how coals would behave when handled and burned. Four characteristics are measured by the proximate analysis: 
moisture, volatile matter, fixed carbon, and ash. The coking coals that are suitable for use in a blast furnace have 
some tolerance limits in %. Table 2 shows the qualities of coking coal based on proximate analysis. 
 
Table 2: Coking Coal composition based on Proximate Analysis (Rao, 2016). 

Coke composition Desirable  Tolerant Limit  
Moisture (%) < 4 4 
Ash (%) < 22 25 
Volatile matter (%) < 1.5 1.5 
Fixed carbon (%) 75–85  85 

 

5.7 Composition of Coal based on Ultimate Analysis 
The chemical approach to characterizing coals is to determine the amounts of the principal chemical elements in 
them: carbon, sulphur, hydrogen, oxygen and nitrogen is called the ultimate analysis of coal. Carbon and hydrogen 
are the principal combustible elements in coal. The coking coals that are suitable for use in a blast furnace have 
some tolerance limits of the above-mentioned elements. Table 3 shows the qualities of Coal based on Ultimate 
Analysis (Rao, 2016). 
 
Table 3: Ultimate Analysis of Coals 

 

 

 
5.8 The Coking Principle 
Coal is heated under the conditions of carbonization between the temperature ranges of 380 and 450°C. It 
decomposes into different products of low molecular weight: solid, liquid and gaseous. The gaseous and liquid 
components leave the coal mass leaving a semisolid material in substantial amounts. The solid mass, when further 
heated at higher temperatures ranging from 900 to 1200°C, resolidifies and is converted into a hard-dense 

CRS =
W2

W1
× 100 

(5.3) 

Coke composition Desirable Tolerant Limit 
Carbon (%) 80–85 85 
Hydrogen (%) 3.7 – 4.5  4.5  
Sulphur  (%) < 0.7  0.7  
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compact mass, called coke. The non-coking coals do not produce this plastic state. A number of properties can be 
determined to assess the coking behaviour of coal. Such properties are: caking, swelling and plasticity.  
 
Caking: The appearance of residue (coke button) after removal of volatile matter may give an idea of the caking 
capacity of coal. The profile of the residue may cover a minute fraction of the specially designed volatile matter 
crucible, or it may cover the entire crucible. 
 
Crucible Swelling Number (Free Swelling Index) 
The profiles obtained from determining the caking capacity (above) are denoted by a scale of 0-9, in increments 
of 0.5. This number is called the Crucible Swelling Number (CSN) of the coal, as shown in Figure 5.1. This method 
is used to test whether a coal will have the properties of production of coke. The physical appearance of that button 
produced will be compared to the standard, Figure 5.2. The better free swelling index ranges from 6.5 to 9 (Kumar, 
2008). The Gray-King assay is used to determine the coking properties of coal. A 20 g of coal (0.212 mm size) is 
heated in a silica tube in an inert medium for 75 min at a temperature of 300-600°C. The profiles obtained are 
matched to standard figures. The figures are arranged in alphabetical order from A to G. Type A indicates inferior 
coal, whereas good coking coal are of Types G (1 - 17). Standard coke has a profile matching Type G. 
 

 
Figure 5.1: Standard Chart for Crucible Swelling Number 
 

 
Figure 5.2: Gray– King Coal Assay Standard Chart (Source: CRC Group) 

 
5.9 Types of Binders 
Binders refer to the solid organic and inorganic materials of very small particle size that is used to bond materials 
between neighbouring particles, since it consists high strength because of surface tension and being permanently 
bonded by being heated to a partial fusion. The inorganic binders are clays, colloidal, alumina and colloidal silica 
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(Yohe, 2012). Organic binders are sawdust, biogases pitch, molasses, coconut waste, and coconut shell. The good 
binders to be used in making coking coal must have the following properties.  

 High coherence,  
 Have hard toughness, 
 Have high density to about 1.1 to 1.4 and 
 Have burning qualities like readiness of ignition and kind of flame should burn with clean, intense 

flame without odor or smoke (Yohe, 2012). 
 
The physical and chemical properties of binders provide a great chance of selecting a suitable binder to be used in 
mixing between char to produce metallurgical coke (Yohe, 2012). Das (2002) used molasses, sawdust, coconut 
shell and he concluded that the suitable binders are molasses and sawdust which provide good cooking qualities. 
Wolfe (1992) used hard pitch sawdust which provided a hard coke suitable for blast furnace. Based on these 
results, this research has selected sawdust to be used for production of metallurgical coke. 

 
5.10 Production of Char from Non-Coking Coal 
50 g of coal was heated at a temperature of 8000C and three products (liquid, gas and residue char) were produced 
after 18 hours, the two remaining products (gas and liquid) and the remaining residue char were mixed with 
sawdust as a cheap and effective binder and calcined to form coke for use in the blast furnace. 
 
5.11 Determination of Volatile Matter 
1 g coal sample in a crucible was heated at 925°C in a muffle furnace for 7 min, after that time the crucible was 
removed and placed on a cold iron plate to cool. After cooling the loss weight (volatile matter) was determined as 
shown in Equation 5.4. 
 

% VM =
Wv

W0 
 

(5.4) 

 
Where: %VM-represents percentage weight loss of volatile matter and air-dried moisture, Wv-represents weight 
loss of volatile matter, W0 -represents the original weight of the coal. 
 
5.12   Determination of Ash Content 
1g coal sample in a crucible was heated at 500°C in a muffle furnace for 30min and the sample was heated to a 
temperature of 815°C for 60 min, the sample was cooled and weighed as the weight of ash remained was 
determined in Equation 5.5. 
 

%Ash =
Wa

W0
× 100  

(5.5) 

Where: %Ash-represents percentage ash content of the coal, Wa-represents weight of ash and WO-represents the 
original weight of the coal. 

 
5.13   Determination of Moisture Content 
1g coal sample in a crucible was heated at 110°C in a muffle furnace for 1hr, after that time the crucible was 
removed and placed on a cold iron plate to cool. After cooling the loss in weight was the weight of moisture was 
determined in equation 5.6. 
 

% MC =
Wm

W0
× 100 % 

(5.6) 

 
Where: %MC-represents the percentage moisture content of the coal, Wm-represents the weight of moisture in 
given coal and W0-represents the original weight of the coal. 

 
5.14  .Determination of Fixed Carbon 
The fixed carbon was determined after determination of %MC, %VM and %Ash and this was determined using 
Equation 5.7. 
 

% FC = 100 − (% MC + %VM +  % Ash) (5.7) 
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Where: %FC-represents percentage of fixed carbon of the coal, %MC-represents the percentage moisture content 
of the coal, %VM-represents the percentage volatile matter of the coal and %Ash-represents the percentage ash 
content of the coal. 
 
5.15   Carbon and hydrogen determination 
5g of coal sample was burnt in calorimeter at a temperature of 5000C for 30 min in order to convert carbon and 
hydrogen into carbon dioxide and water respectively. The two products were passed on a tube of anhydrous CaCl2 
and KOH where they absorbed H2O and CO2 respectively and there was an increase in weight, the increase in 
weight in CaCl2 and KOH tube represented the weight of H2O and CO2 respectively. 
 

% C =
12 × Z

44 × X
 × 100% 

(5.8) 

  

% H =
2 × Y

18 × X
 × 100% 

(5.9) 

 
Where: %C represents the percentage carbon, X represents the weight of coal sample taken, Z-represents the 
increase in the weight of KOH tube, %H represents the percentage of hydrogen and Y-represent the increase in the 
weight of CaCl2 tube. 
 
5.16    Sulphur Determination 
345g of coal sample was burnt in the iron crucible at a temperature of 8150 C in presence of oxygen. The ash, 
obtained will contain sulphur of the coal as sulphate which is extracted with dilute hydrochloric acid and the acid 
extract is treated with barium chloride solution to precipitate the sulphate as barium sulphate. 
 

S  (O2)  SO4     (BaCl2) BaSO4  

      

% S =
32 × Y

233 × X
 100% 

(5.10) 

 
Where: %S represents the percentage of sulphur in the coal, X represents the weight of coal sample taken and Y 
represents the weight of BaSO4 precipitate formed. 

 

5.17    Determination of Nitrogen 

Nitrogen estimation in coal was done by using Kjeldahl’s method (ASTM D-3179; ISO 333). 10g of coal was heated 
with conc. H2SO4in presence of K2SO4 and CuSO4 in a conical flask at a temperature 410 0C so as to convert nitrogen 
of coal into ammonium sulphate. When clear solution is obtained (i.e., when whole nitrogen is converted into 
ammonium sulphate) it was treated with 50% NaOH solution. The ammonia thus formed was distilled over and 
absorbed in a known quantity of standard sulphuric acid solution. The volume of unused sulphuric acid is then 
determined by titrating against standard NaOH solution. Thus, the amount of acid neutralized by liberated 
ammonia (from coal) is determined. 
 

% N =
Va ×  Na

W0 
1.4  

(5.11) 

 
From the reaction below, 1 litre of N/10 H2SO4 consumed is equivalent to 0.1 gm mole of ammonia or 1.4 gm of 
nitrogen. 

 
(NH4)2SO4 + 2NaOH → Na2SO4 + 2NH4OH 

 
Where: %N represents the percentage of nitrogen of the coal, Va represents the volume of acid used, Na represents 
normality of the acid and W0 represent the original weight of the coal. 
 
5.18    Determination of Oxygen 
Oxygen content was calculated after determination of %H, %C, %S, %N and %Ash was determined using Equation 
5.12. 
 

% O = 100 − (% H + % C + % S + % N + %Ash) (5.12) 
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5.19     Production of Char from Non-Coking Coal 
50g of coal was heated in a crucible at a temperature of 9200C and it yield three products (liquid, gas and residue 
char) for 18hours, the residue char and liquid product were mixed with various binders and calcined to form coke 
for use in blast furnace. 

 
5.20     Determination of Mixing Ratio between Residue Char and Binder 
The residue chars while hot was mixed with binders, and waiting for them to cool and solidify to produce 
metallurgical coke. The mixing ratio was guided by expert design. Whereby expert design leady for optimization 
using mixture D-optimal design. Table 5.3 shows the optimized ratio between binder and coal using expert design. 
 
Table 5.3 Mixing Ratios between Binder and Coal Using Expert Design 

R
u

n
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s(
%

) 
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o
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) 

RESPONSES 
FC 
(%) 

ASH 
(%) 

MC 
(%) 

VM 
(%) 

C 
(%) 

H 
(%) 

O 
(%) 

S 
(%) 

N 
(%) 

SI 
(%) 

CRS 
(%) 

CRI 
(%) 

Porosity 
(%) 

1 50 50 80.13 18.19 0.56 1.12 77.81 1.61 20.58 - - 6 49.11 23.15 30.12 
2 45 55 81.9 17.45 0.49 0.72 74.8 0.89 24.67 - - 6 52.08 22.16 25.37 
3 40 60 83.1 17.16 0.11 0.74 73.74 0.1 26.56 - - 8 53.62 23.58 24.9 

4 50 50 81.88 17.23 0.78 0.11 76.12 1.13 20.75 - - 6 47.67 20.11 28.07 

5 10 90 60.12 37.27 0.45 2.16 82.51 0.51 16.98 - - 3.5 47.54 18.97 35.18 
6 50 50 81.12 17.68 0.75 0.45 77.12 1.12 21.76 - - 5.5 48.18 22.14 30.05 
7 30 70 79.06 18.54 0.41 1.99 80.23 0.89 20.88 - - 8 51.22 23.09 24.71 
8 15 85 60.76 37.64 0.1 1.5 84.1 0.93 16.97 - - 2 43.93 17.56 33.97 
9 20 80 61.95 37.05 0.21 0.79 82.56 0.97 18.02 - - 2 46.76 19.85 36.12 
10 10 90 59.87 37.54 0.36 2.23 81.72 0.67 18.47 - - 1.5 45.65 18.56 34.87 
11 10 90 62.12 36.27 0.45 2.16 83.51 0.51 16.98 - - 1 47.21 18.97 35.78 
12 35 65 81.54 18.05 0.2 0.21 73.23 0.55 26.72 - - 7.5 51.45 23.15 27.67 
13 30 70 79.9 17.84 0.37 1.89 79.72 0.59 19.69 - - 6 53.56 22.65 25.81 

 

5.21  Determination of Swelling Index 
5 g of metallurgical coke sample was heated in a standard crucible at a temperature of 8000C for four hours. The 
shape of the small button remaining in the crucible after heating was then compared to the standard free swelling 
index shapes. 

 
6.0 RESULTS AND DISCUSSION 
 
The results of proximate analysis and ultimate analysis are shown in Table 6.1 and 6.2 respectively. 
 
Table 6.1: The proximate analysis of Ngaka coal  

Sample ID Ash content 
(%)  

Volatile matter 
(%) 

Moisture content 
(%) 

Fixed carbon (%) 

NG-C 35.81 22.36 1.62 40.21 
 

Table 6.2: The Ultimate Analysis of Ngaka Coal (TANCOAL) 

Sample ID Carbon (%)  Hydrogen (%) Nitrogen (%)  Sulphur (%) Oxygen (%)  
NG- C 73.88 6.3 0.1 0.50 19.22 

 
Both Table 6.1 and 6.2 indicate that the proximate and ultimate properties of coal from Ngaka mine fall in the 
range of bituminous to sub-bituminous as suggested by Rao (2016). This means that the coal is of non-coking 
qualities and cannot be used directly in blast furnaces for iron making unless it is converted to metallurgical coke. 

 
Optimized binder/coal mixing ratio 
Table 6.3 shows the results after optimizing the mixing ratio between binder and coal 
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Table 6.3: Effect of optimized mixing ratio on produced coke properties 
R

u
n
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) 
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) 

RESPONSES 
FC 
(%) 

ASH 
(%) 

MC 
(%) 

VM 
(%) 

C 
(%) 

H 
(%) 

O 
(%) 

S 
(%) 

N 
(%) 

SI 
(%) 

CRS 
(%) 

CRI 
(%) 

porosity 
(%) 

1 30 70 76.67 22.08 1.25 0.20 78.44 0.59 22.08 - - 6.70 51.16 22.30 27.50 
2 49 51 81.82 17.16 0.55 0.62 76.07 1.10 22.30 - - 6.14 49.45 22.09 28.29 

 
The mixing ratio was optimized by an expert design which gave two ratios of mixing ratio of 30:70 (Binder: Coal) 
and 49:51 in percentages. The ratio of 30:70 resulted in an optimal output which ranges with coking qualities like 
fixed carbon 76.67%, carbon content 78.44% and swelling index of 6.71%, hence the ratio between Binder 
(sawdust) and non-coking coal giving the desirable coke qualities is 30:70. The complete mixing program is shown 
in the appendix. 

 
CONCLUSION 
 
The characterization of Coal from Ngaka mine (TANCOAL) has shown that it falls within the sub-bituminous to 
bituminous coal category, which is generally thought to be non-coking. The coal has shown further that it is 
amenable to making metallurgical coke after mixing in a ratio of 30:70 using sawdust binder material.  
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NON-COMMUNICABLE DISEASE (HYPERTENSION) AND COVID -19 
 

By 
Flora Ruhangisa, Sunday Wanyika 

 
 

1.0 NON-COMMUNICABLE DISEASE (HYPERTENSION) 
 

1.1 INTRODUCTION 
 
a) Systemic hypertension: 
Hypertension is a systolic blood pressure (SBP) of 140 mmHg or more or a diastolic blood pressure 
(DBP) of 90 mmHg or more observed on at least three different settings or visits at one week interval. 
 
b) Malignant hypertension:  
Severe hypertension associated with papilledema. 

 
c) Accelerated hypertension: 
It is a recently elevated blood pressure associated with vascular damage without papilledema. 
 
d) Hypertension in pregnancy: 
It is a rise of 30 mmHg systolic blood pressure or 15 mmHg diastolic blood pressures. (According  to  
American  Obstetric  committee,  the  upper  limit  of  normal  blood pressure at any time of gestation 
is 130/80). 
 
Gestational hypertension: BP of >140/90mmHg for the first time in pregnancy after 20 weeks of gestation 
without proteinuria. 
Pre- Eclampsia: is the gestational hypertension with proteinuria 

 
e) White coat syndrome: 
It is a transient rise in patient’s blood pressure on response to the medical environment or the observer 
recording the blood pressure. 

 
1.2 EPIDEMIOLOGY 

 
a) Prevalence: 
Essential hypertension affects 25-35% of adults’ population worldwide and up to 60- 70% of those 
beyond the 7th decade of life. 
 
A study done at Arusha in year 2020 show the prevalence of hypertension was 29.3% and increased 
sharply with age from 12.5% among 25–34 years old age group to 53.2% among 55–64 years groups, 
respectively. Hypertension was higher among separated/divorced/widowed, among smokers (5.9%), 
among current alcohol drinkers (19.7%), and among overweight and obese participants. Participants 
who always used raw table salt had  significantly higher rates of hypertension compared to those  who 
never  used.  Among  880  participants  with  hypertension,  302  (34.3%)  were  aware  of their hypertension 
status, while the remaining 578 (65.7%) were newly diagnosed. Of the  302  participants  aware  of  their  
hypertension  status,  only  107  (35.4%)  were  on blood  pressure  lowering  medication,  of  whom  32  
(29.9%)  had  controlled  blood pressure. 
 
b) Gender: 

1. In females the prevalence is closely related to age, with substantial increase occurring after age 
50. This increase is presumably related to hormonal changes of menopause, although the 
mechanism is unclear. 

2. The prevalence of hypertension is higher in males than females. 
 

c) Race: 
The prevalence of hypertension and hypertension related mortality rates in black people is higher 
than other individuals of other races. 
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d) Age: 
1. Systolic blood pressure (SBP) increases with age until the 8th decade of life. In contrast, 

diastolic blood pressure (DBP) rises only until 50 years of age when it reaches 90 mmHg, after 
which it either become constant or even decrease slightly. 

2. Until age 45 years, a higher percentage of men than women have hypertension; from age 45 
years onward, the percentages are nearly equal between men and women. 

3. In women, those who use oral contraceptives, particularly obese and older women, have a 2- 
to 3-fold higher risk of hypertension than women not using these agents. 

 

 

1.3  CLASSIFICATION OF HYPERTENSION: 
 
(i) According to Severity: (for individuals less than 50 years of age) 
 

Diastolic BP (DBP) in mmHg Description 
50-80 Optimal 

81-85 Normal blood pressure 

86-89 High normal blood pressure 
90-99 Mild hypertension 

100-109 Moderate hypertension 

≥ 110 Severe hypertension 

 
Systolic BP (SBP) in mmHg Description 

< 140 Normal 

140 -159 Borderline hypertension 
≥ 160 Systolic hypertension 

 
(ii) According to the cause: 
 

a) Primary or essential hypertension: 
Cause is not known. It accounts for more than 95% of all cases of hypertension. 
 

b) Secondary hypertension: 
The cause for hypertension can be identified. It accounts for 5% of all cases of hypertension. 
 
1.4      CAUSES OF HYPERTENSION 

 
1.4.1  Essential hypertension: 
Predisposing factors: 
a) Genetic and familial factors: Ethnic Origin e.g., Blacks Americans > Whites Americans. 
b) Nutritional factors: 
c) Obesity, high salt intake, high alcohol intake, caffeine and Thyramine containing food like cheese.  
d) Hormonal factors: 

1. Higher levels of renin. 
2. Deficiency in vasodilator substances: 

o Bradykinin. 
o Nitric oxide. 

 
 Neurotransmitters like acetylcholine, serotonin and Dopamine 

 
1. Environmental factors: 

o Social-deprivation 
o Stressful occupation. 
o Large family size. 
o Overcrowding. 
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2. Age: Increases with age. 
3. Smoking. 
4. Gender: M > F. 
5. Anxiety, discomfort, unfamiliar surroundings (White coat syndrome). 

 

1.4.2 Secondary hypertension: 
Systolic and diastolic hypertension: 
a) Renal diseases: e.g. 

 Obstructive Uropathy, Renal artery stenosis, Diabetic nephropathy, Chronic pyelonephritis and 
Polycystic kidney disease 

 
b) Endocrine disorders: 

 Acromegaly, Primary hyperthyroidism, Hyperparathyroidism. 
c) Adrenal: 
 
Adrenal cortex: 

 shing’s syndrome, Hypercalcaemia, 

 Coarctation of the aorta 
 

High alcohol intake. 
o Glucocorticoids and mineralocorticoids. 
o Tyramine containing foods e.g., cheese. 
o Exogenous hormones e.g., Oestrogen (Oral contraceptives). 

 
 Pregnancy-induced hypertension (preclampsia). 
 Increased intravascular volume (Excess blood transfusion or IV fluids and polycythaemia rubra 

Vera). 
 

1.5   CLINICAL FEATURES PRESENTS WITH HYPERTENSION: 
 Sometimes the high blood pressure does not cause any symptoms, so that it is known as 

silent killer disease 

 
a) Severe headache, this is due to an increase in blood pressure in the blood vessels of the brain. 
b) Blurred vision, increase over blood flow to the small capillaries of the eyes, if its persistent, it 

may cause damage to the retina 
c) Nausea and vomiting, associated with increased dizziness 
d) Epistasis, nose bleeding may present due to rupturing of small capillaries in the nose after 

increased blood pressure flow through it. 
e) Fatigue 
f) Confusion 
g) Bleeding per nose (epistaxis ) 
h) Chest pain 
i) Shortness of breath, this as a result of effects of the heart and lung functions, it is more 

noticeable with physical exertion and exercises. 
j) Irregular heartbeat, an abnormal heart beat 
k) Papilledema, is an optic disk swelling after increased in intracranial pressure. 
l) Dizziness and syncope (fainting) 
m) Tinnitus and vertigo 
n) Lower limb swelling (pitting  edema) 

 
1.6   DIAGNOSTIC CRITERIA 
 
It is usually  diagnosed  by persistent elevated blood pressure at  resting state in 3 different 
measurements. 

a) Proper History of the presenting illness, it explains how the symptoms started and the risk 
factor involved. 

b) Medical history such as DM, CAD, Renal D’s, this is basically more in secondary hypertension to 
explain the cause 
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c) Physical examination, its gives positive findings of any visible signs presented like lower limb 
swelling, papilledema, mouth deviation or loss of functions. 

d) Chest x-rays, 
e) Ecg and ECHO 
f) Monitoring of blood Cholesterol level 
g) Full blood picture 

 

1.6.1  Management of Hypertension. 
Management of hypertension is possible by two ways, which includes 

 Life style modification 

 Pharmacological therapy 
 
Life style modification 

1. Dietary management: 

2. Salt restriction: 

 It provides another method of decreasing body sodium in individuals whose blood 
pressure is sodium sensitive. 
 

3. Restriction of coffee. 
 Moderate alcohol consumption (not more than 750 ml of beer, 300 ml of wine or 60 ml of 

100-proof whiskey). 

 Restriction of caloric intake, among the overweight patients. 

 Use natural foods that are high in potassium help to reduce blood pressure 
e.g., ripe banana. 
 

 Restriction in the intake of cholesterol and saturated fat, to diminish the incidences of 
arteriosclerotic complications. 
 

4. Weight reduction, 1 Kg loss of weight entailed an average blood pressure decrease by 1.6 mmHg 
of SBP and 1.3 mmHg of DBP. 

5. Avoid using oral contraceptives. 

6. Regular dynamic exercise: 30-45 minutes for at least 4 days per week. 

7. Stress reduction: Change job, life style or practice relaxation technique. 

8. Control of other risk factors contributing to the development of arteriosclerosis 

e.g., serum cholesterol levels, blood sugar. 

9. Avoid tobacco, cocaine and cigarette smoking 

10. Follow the Dietary approach to stop hypertension (DASH) 

11. Reduce or stop alcohol intake 

 

1.6.2 Pharmacological therapy 
Various groups of drugs are used for the treatment of hypertension, collectively are known as Anti- 
hypertensive drugs which includes 
 
1. Diuretics–it helps to reduce the kidney to inhibit the sodium reabsorption, it also reduces the excess 

water in the body. Eg. Lasix (furosemide) 

2. Beta blocker–these medications reduce the workload of the heart and blood vessel and causing the 
heart to beat slowly and with less force eg. Atenolol and propranolol 

3. Alpha blocker–these cause the peripheral vasodilation of the blood vessels thus reduce the blood 
pressure flowing through. Eg. Prazosin 

4. Vasodilators–these acting on the muscles in the walls of the blood vessels and preventing it from 
tightening and arteries from narrowing. Eg. Nitroglycerine 

5. ACE inhibitor–these groups of drugs prevent the vasoconstriction of the blood vessels by reducing 
the conversions of Angiotensin-1 to angiotension-2. Eg. Captopril and ramipril 
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6. Calcium channel blockers- these groups cause vasodilation of the blood vessel and decrease the 
heart rate by blocking the movement of the extra cellular calcium into the cells. Eg. Amlodipine and 
verapamil 

 

2.0 CORONA VIRUS DISEASE 2019 (COVID-19) 
 
2.1 INTRODUCTION 

 
Covid-19 is short form  of Coronavirus Disease 2019. Corona  is a  group of viruses which are responsible 
for severe form of common cold and other upper respiratory tract infection. It is contagious disease 
caused by severe acute respiratory syndrome coronavirus (SARS- CoV-2). It originated from Wuhan 
China and has since spread worldwide leading to an ongoing pandemic. 
 
Coronavirus disease has caused millions of deaths with increasing  number  of  recorded cases on daily basis 
globally. The  origin  source  of  virus  transmission  to  human  remains  unclear,  but  the  1ST outbreak 
started in Wuhan, Hubei china. An earlier case of infection could have occurred on  17th  November  2019,  
where  a  cluster  of  cases  were  reported.  WHO  identified  the informed cases of Covid-19 on 31St 
December and temporarily named it 2019-nCov on 1st Jan 2020. 2019-noval Coronal virus was declared a 
public emergence on 30th Jan 2020 and was later officially named Covid-19 on 11th Feb 2020. 
 
The 1St case of Covid-19 on African continent was reported in Nigeria, Egypt and South Africa around 
mid-February and early March 2020. 1St case in Tanzania was a 46 years old female travelled from 
Belgium, identified on 16th march 2020 in Arusha at Mount Meru Regional Referral Hospital. 
 
2.2 EPIDEMIOLOGY 
 
Currently  total  number  of  covid-19  case  worldwide  documented  by  03rd  Sept  is over 235m and over 
4.816m death (from confirmed case). In Tanzania we have a documented total case of 1367 and 
confirmed death of 50 cases by 11th Sep 2021 
 
So far there has been virus mutations resulting to multiple variants, this are classified into variant of 
interest (VOI) and variant of concern (VOC) 

 Variant of concern (VOC) are those which have proven to be more virulent, more contagious with 
high risk of re-transmission and more deadly than the original virus. Due to this there is a significant 
increase in mortality rate among people of all ages, Variant of concern includes Alpha (B.1.1.7) 
originated from UK, Beta (B.1.351) from South Africa, Gamma (P.1) from Brazil and Delta (B.1.617.2) 
from India 

 

 Variant of Interest (VOI) are those which have proven to be less virulent, less contagious with 
minimal risk of re transmission and less deadly than variants of concerns, eg. Mu variant and 
Lambda variant 

 
2.3 TANZANIA COVID- 19 EXPERIENCE. 
 
As the 1st case received on 16th March 2020, a traveller from Belgium who had a contact  with  a  
positive  case.  After  result  it was a  positive  case  by  PCR.  First (1st)  wave started March 2020 to late June 
2020, while Second (2nd) wave started late Dec 2020 to late march 2021. This took longer period of 
time of more than 5 months in between, but from  2nd  wave  to  3rd  wave  it  took  shorter  period  of  
time  of  less  than  3  months  and started  May  2021  till  late  October.  The  rate  of  vaccination  of  our  
Nations  is  less  than expected and it’s not satisfactory. 
 
COVID- 19 disease tend to affect all ages but moderate to severe cases are seen  more  to  people  who  
are  old  and  those  with  preexisting  conditions  like  Diabetes mellitus,      Hypertensive Heart Disease,  
Tuberculosis,   Asthmatic  case  and immunocompromised case like HIV/AIDS and Cancer cases. n the other 
hand, people with hyperactivity of immunity have shown poor outcome when in severe form. 
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2.3.1   Evolution of attitude of Medical personnel concerning C-19 
Generally, there is a good progressive response in attending C-19 patients. Initially medical persons had 
difficulty in interacting and attending to c-19 patients due to lack of enough knowledge and confidence 
concerning the disease. However, with time, there has been an increase in awareness and skills in 
attending the patients and hence increase in the ability to manage patients and increase survival rate. 
 
2.4 VACCINATION PROTOCOL 
 
Despite  various  control measures  and  strategies  taken  by  different  countries  as advocate by WHO, 
vaccination has proven to be effective in reduction of disease severity, hospitalization and death, 
especially in countries that have introducedCOVID-19 vaccine and vaccinated a large number of its 
population. Tanzania, like any other country considers immunization as one of the components to 
control the pandemic. Implementation of the disease control measures is important to ensure  
restoration  of  community  wellbeing.  Introduction  of  COVID-19  vaccine  benefit the population by 
preventing people from getting seriously ill or dying from COVID-19, together with the counter 
measures of isolation, washing hands, wearing of face mask and keeping distance from one another 
 
2.5 TYPES OF COVID-19 VACCINES 
 
There are four types of COVID-19 vaccines; i) Inactivated vaccine, (ii) protein sub-unit vaccine (iii) 
Adenovirus vector vaccine (iv) mRNA vaccines (Table 3). With the exception of the inactivated vaccines 
which utilize the whole virus, the rest of the  COVID-19  vaccines  are  based  on  the  SARS-CoV-2  spike  (S)  
protein.  The  spike  (S) protein (particularly in its perfusion [native] conformation) is the 
immunodominant antigen of the virus that elicits neutralizing antibodies against the virus. By 1St Oct 
2021, about 45.6% of World Population has received at least 1 dose of Covid-19 vaccine. 6.31 billion Doses 
have been administered globally and 26.19m are administered each day Only 2.3% of low-income people 
have received at least 1 dose. With  Tanzanian  population  estimated  to  be  61.75m  people  by  1ST  Oct  2021  
and  only 0.67% of total population have been vaccinated (nearly 400,000 people). 
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2.6 VACCINATION TARGET GROUP 
 

The Government aims to protect all its people against COVID-19 by giving effective and scientifically 

acceptable preventive measures including provision of safe, efficacious and quality  vaccines.  

Recognizing  the  global  COVID-19  pandemic  we  have  prioritized  the vaccination of COVID-19 to priority 

and special group population and therefore, Health care workers should identify those eligible for 

vaccination. 

 

2.6.1 Priority groups include 

i. Frontline health care workers, 

ii. People with comorbidities aged 18 years and above, 

iii. Adult 45 years and above, and 

iv. Frontline essential workers including those at ports of entry, security and defense forces, 
lecturers, and primary and secondary school teachers. 

 

2.6.2  Special groups include; 

i. International travelers, 

ii. Pilgrims, 

iii. UN Staff, and diplomats, 

iv. Non-residents, and 

v. Essential workers from tourism industry. 
2.7   VACCINE SELECTION PREFERENCE 

 
The   critical   literature   review   of   COVID-19   vaccines   conducted   on   vaccine   and immunization 
characteristics (safety, efficacy, storage, type, dosage, price, neutralization of variants, population 
studied),  disease   epidemiology,   economic and   operational considerations  and  health  policy and  
programmatic  issues,  led  the  Government  to introduce  COVID-19  vaccines,  in  the  following  order  
of  preference;  BioNTech/Pfizer BNT162b2,  Moderna  mRNA  1273,  Novavax  NVX-CoV2373,  Johnson  &  
Johnson  (Janssen) Ad26. COV2. The list will be updated from time to time based on the available 
scientific information as recommended by NITAG. 
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ENHANCING SKILLS AND PROFICIENCY OF PROFESSIONAL ENGINEERS IN TANZANIA THROUGH WORK 
 

By 
A S Mawenya 

Director, Design Partnership Limited 
Email: asmawenya@gmail.com 

 
ABSTRACT 
This paper advocates developing the skills and proficiency of professional engineers in Tanzania from 
the conventional professional engineering practice level to higher levels of transformational 
professional engineering practice and mastery, through work. It prescribes a hierarchical scale of 
profiling professional engineers according to their levels of proficiency together with strategies for 
enabling them to progress to these higher levels in order to become successful and more effective.   
 
Key words: engineering, excellence, potential, practice, professional, proficiency. 

 
1.0 INTRODUCTION 
 
Professional engineers are known for their specialized knowledge and skills. Their work, like that of other 
professionals in various disciplines, entails intellectual activities that are knowledge intensive and that thrive upon 
a solid foundation of knowledge, skills, competence and good personal attributes including honesty, high 
integrity, accountability and responsibility.  
 
A Bachelor degree in engineering is the minimum formal educational requirement for admission into the 
engineering profession. However, a university degree alone is not sufficient to confer a professional title to a 
graduate in any professional discipline. It must be followed by post graduation practical education known as initial 
professional development, in short IPD, in which the graduate engineer receives on-the-job practical training 
under the guidance of experienced senior members of the profession.  
 
Successful completion of IPD entitles the graduate engineer to be certified as a professional engineer eligible to 
practice the profession independently. In Tanzania, this certification is awarded by the Engineers Registration 
Board (ERB)1. It marks the beginning of the professional practice phase where the engineer practises the skills 
acquired through university education and IPD by handling real life situations and problems independently in 
order to gain experience, competence and confidence.  
 
However, a large number of professional engineers in Tanzania do not transform beyond this title. For some 
reasons, they never acquire real expertise in any area of their respective engineering disciplines. They practice as 
conventional practitioners throughout their working life, satisfied with providing routine professional services 
and solving routine problems that are technically not challenging. Capacity building of such professional engineers 
is necessary in order to enhance their effective participation in the country’s envisaged socio-economic 
transformation. This paper advocates their development to higher levels of transformational professional 
engineering practice and mastery, through work, and helps them to better understand their professional roles in 
society by answering the following questions: 
a) What does work really mean for a professional engineer? 
b) What competences does a professional engineer need in order to be proficient in his/her professional work 

and how does he/she acquire such competences? And 
c) How does a professional engineer add value to his/her competences in order to optimize the beneficial use of 

his/her potential, remain effective and become successful? 
 
Two major developmental events necessitate such capacity building immediately. The first is the Forth Industrial 
Revolution (FIR) ushered in by the advent of the 21st century and, with it, the knowledge economy which is rapidly 
transforming how humans work and relate with one another in the modern world. Most developing nations, 
notably those in Africa (including Tanzania), were by-passed by the previous three industrial revolutions. As a 
result, they have lagged far behind the industrial nations of Europe, North America and Japan; they therefore 
cannot afford to be by-passed by FIR. Second, Tanzania recently attained the status of a lower middle-income 
economy and has vowed to sustainably grow rapidly in this economy by intensifying industrialization. These two 
events place high demands on professional engineers in Tanzania.  
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2.0 CONCEPT AND MEANING OF WORK FOR A PROFESSIONAL ENGINEER 
 
The industrialization process in Tanzania will thrive through skilled application of engineering knowledge, 
through work, by professional engineers. The role that professional engineers play in such process has three 
distinct and interrelated elements: that of the technical specialist imbued with expert knowledge and skills; that 
of the integrator able to work with others and to operate across disciplinary boundaries in a complex environment; 
and that of the change agent providing the creativity, innovation and leadership needed to meet new challenges2. 
To visualize this role from a wider perspective, professional engineers must first understand what work really 
means for them and why they should work.  
 
Work is an essential part of human life, and success in life is about releasing potential through work. Work activates 
and releases our potential to perform various tasks needed to fulfil our cherished dreams, ideas, visions, worthy 
desires and innovations. Without work, this potential will forever remain dormant.  
 
Genuine work arises out of a desire to contribute to the world’s wealth and well being by revealing our God-given 
talents, abilities and capabilities. We all possess talents that are unique to ourselves and that enable us to do some 
things better than anyone else. To grow the potential to fulfil their God-given purposes and calling in life, 
professional engineers must discover their talents, activate and develop them through a proper career 
development path, appropriate education and professional training. 
  
For professional engineers work means professional engineering practice undertaken for the purpose of 
releasing their potential. There are two basic powers in our lives that motivate us to work: God and money3. 
Allegiance to God will align the release of our potential and actions to our life’s calling and purpose. On the other 
hand, if it is money that motivates us, greed will take control of our actions and we will inevitably be complicit. 
The urge to accumulate more and more material wealth will overshadow the pursuit of our God-given purpose for 
life, and thus diminish the attainment of our full potential. Righteous people throughout history have condemned 
this and warned against it. Working for fulfilment of our God-given purpose is better, and indeed more satisfying, 
than working for money. 
 
Success is not measured by transient goals and ambitions - such as wealth, worthy possessions, happiness, power 
and authority - but by a worthy purpose and the result of growing to one’s natural potential, that is, by the ratio 
of what one has become compared to what one ought to be. Professional engineers must therefore understand that 
to be successful in their profession is to grow to their highest potential by creating and expressing all that they 
can in life. They must envision the big picture of their worthiness and hold it before them as their purpose in 
life. They must not allow limiting thoughts and beliefs to make them take the short view. Tanzania, and the world 
as a whole, has plenty of opportunities for people with worthy purposes for their lives.  
 
3.0 COMPETENCE AND PROFICIENCY LEVELS IN ENGINEERING PROFESSIONAL PRACTICE 
  
Professional engineering practitioners operate at different levels of proficiency that match their professional 
experiences, skills and competences. There are three such levels: conventional professional engineering 
practice, transformational professional engineering practice, and mastery (see Figure 1)4. 
 
About 80% of professional engineers in Tanzania operate as conventional professional engineers where they 
provide routine professional engineering services, solve routine problems and handle situations that are not 
technically challenging. Operating at this level of proficiency has a high price. It kills the creative force professional 
engineers possess, and their minds go dead from lack of challenge and novelty. In the process, they reach a limit 
in their respective professional disciplines where they begin to perpetuate mediocrity.  
 
Prolonged conventional professional engineering practice serves only one purpose: the individual’s own survival. 
Conventional professional engineers can therefore not contribute much either to the development of the 
engineering profession in Tanzania or to the effective transformation of the country as a whole.  
 
Real development is brought about by transformational professional engineering practice. This is an advanced 
level of practice which is creative, innovative and able to handle real life situations in a manner that transforms 
conventional practice and enhances knowledge and methods of work. Specialist, expert and accomplished 
professional engineers operate at this level, where their services are highly demanded and transcend national 
borders. At this level, their sense of pleasure becomes redefined. They find simple and routine problems as 
distractions to help them only pass their time. Real pleasure for them comes from overcoming challenges, feeling 
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1.  Student 

      

2.  Apprentice/ 

     Graduate 

      

confident in their abilities, gaining fluency in skills, and experiencing the power this brings. Currently, the number 
of Tanzanian professional engineers operating at this proficiency level is far below the critical mass needed to 
spearhead the growth of a fully fledged self-reliant industrialized middle-income economy in the country.  
 

                                                 Roles                       Level                       Functions 
 

 
Figure 1: Proficiecy Levels in Engineering Practice 
 
What kills the creativity of conventional professional engineers is neither age nor lack of creativity, but their own 
spirit and attitude. They become too comfortable and complacent with the knowledge and experience they have 
acquired and fear to entertain new ideas and the requisite additional effort that this entails. To experience the 
inborn creative force within them, they must rekindle the spark of this force by thinking flexibly and abandoning 
familiar ideas and habits of thinking. In other words, they must continuously enhance their knowledge and skills 
by investing substantial effort and resources to develop themselves further beyond the professional title conferred 
by ERB. In this respect, they must not only take professional development courses and postgraduate programmes 
to upgrade their knowledge and skills, but also link up with re-known masters in their respective professional 
disciplines to receive mentoring and extended apprenticeship; they must carry out research and development 
work; and, above all, they must tackle challenging assignments that require innovative and highly creative 
solutions. 
 
Beyond transformational professional engineering practice, professional engineers may, through commitment to 
intensive research and further innovative work, explore special knowledge areas in their professional disciplines 
until they attain a degree of knowledge, experience and focus that is so deep that they can oversee their entire 
professional discipline with complete clarity. At this stage, the professional engineer achieves mastery, the 
ultimate power which a few professionals enjoy of carving out a special knowledge area where they have total 
command in their respective professional disciplines. Mastery is the highest level of proficiency in professional 
practice.  
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The time required to rekindle the spark of the creative force within us is the critical factor. Professional engineers 
must allocate ample quality time to pursue challenging, innovative and creative assignments and develop 
distinctive professional profiles of their own based on the work they have performed. The time we are talking 
about is not simply quantitative. It is qualitatively rich time that makes every moment, every assignment, every 
experience along the route to mastery contain deep lessons for the professional engineer. This means that as all 
Tanzanian engineers go through professional practice and extended apprenticeship, 
a) They must learn the various parts and skills required in their respective professional disciplines patiently and 

exhaustively; 
b) They do not simply absorb information. They internalize it and make the knowledge acquired their own by 

finding ways of putting it into practice; 
c) They look for connections between the various elements of knowledge they acquire, including the hidden laws 

they perceive; 
d) They reflect deeply on the setbacks or failures they encounter, figure out what went wrong and discern 

patterns in their mistakes; 
e) They do not ignore or quickly forget their mistakes simply because such mistakes offend their self-esteem. 

Instead, they must remember them and learn from them; 
f) They start questioning some of the assumptions, conventions and protocols they have learned along the way; 
g) They resist the temptation of reaching for simple black-and-white answers or usual conventional responses 

when faced with complex situations; 
h) They continuously experiment with the new ideas they perceive in order to enhance knowledge and methods 

of work; and 
i) They pursue a hobby, skill or second talent, i.e. a game, a musical instrument, or a foreign language, that 

resonates with and adds value to their dominant talent. Such a hobby, skill or second talent does not only give 
them pleasure but also offers them the opportunity to strengthen their memory capacity and the flexibility of 
their brain. In particular, it increases their capacity to process large amounts of information without feeling 
anxious or overtaxed. 

 
4.0 SELF-CONFIDENCE AND EFFECTIVENESS  

 
Talent is always important and there cannot be success without it.  However, talent alone is not sufficient for 
success5. There are many highly talented professional engineers in Tanzania who are not successful, simply 
because they lack confidence or have made wrong choices that underutilize their potential to the extent that they 
never grow or become proficient beyond the level of conventional professional engineering practice. Such 
engineers are facing a confidence crisis in assessing their worthiness. They neither know how worthy they are, 
nor do they have a worthy purpose. Considering the numerous opportunities available in Tanzania for creative 
and innovative work in various professional engineering disciplines, this is perplexing. It is a manifestation of a 
mindset deficit resulting from dominant self-limiting thoughts, attitudes, values and beliefs.  
 
Mindsets that are constantly haunted by deprivation, lack and limitations can be very destructive. Professional 
engineers in Tanzania must transcend such self-imposed limiting beliefs and thoughts by changing their mind-sets 
and shift from mind-sets that impede success to new ways of thinking that encourage and magnetize success. They 
must be confident about their own worthiness and rid themselves of their misguided dominant thoughts and 
beliefs concerning the superiority of foreign expertise. 
 
To enhance their effectiveness in the world of work, professional engineers must also pursue strategies that add 
value to their talents and maximize beneficial use of their potential. In particular, they have to: 
 
a) Cultivate and embrace good attitude and character traits, notably self-confidence, passion, initiative, 

preparedness, perseverance, focus, courage, responsibility and good relationships. They must also be 
practical, teachable, compassionate and effective team workers;  

b) Manage the emotional drain they experience in dealing with the resistance and manipulations of other people 
and, in particular, how to identify and avoid becoming victims of people with negative and destructive 
character traits such as envy, conformism, rigidity, self-obsession, laziness, flight and passive aggression;  

c) Continually awaken and maintain their creative spirit, and enhance knowledge and skills; and 
d) Think globally and act locally, and combat their exploitation and marginalization both externally, through 

globalization, and internally within the country, by the political and bureaucratic elite. Such exploitation and 
marginalization have nothing to do with competence. Accordingly, they should only engage in win-win deals 
with their partners in industrial nations if they do not want to be losers. In addition, they should never shy 
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away, isolate or insulate themselves from participating in politics and policy making. Otherwise, they will end 
up being relegated to the menial roles of technical analysts in important national issues.  

  
5.0 PROFESSIONAL EXCELLENCE AND ETHICS  
 
Professions are occupations that are overseen by professional bodies and have specific practices and standards 
that they value. These bodies prescribe standards of ethics, competence and performance that must be met by 
members of the profession in order to remain within the profession, and typically set them out in codes of 
professional conduct. The hallmarks of the ethical codes are professionalism and excellence. In general, the 
topmost five key attributes that all professions require their members to possess are:   
a) To act with honesty and integrity; 
b) To provide a high standard of services; 
c) To only undertake work for which one has adequate competence; 
d) To act in a manner that promotes trust in the profession and does not bring the profession into disrepute or 

discriminate against parties on any grounds; and 
e) To demonstrate commitment to continuing professional development. 
 
In Tanzania, the engineering profession is overseen by ERB which accredits engineering educational institutions, 
qualified professionals and consulting engineering firms. The profession is also regulated by the Institution of 
Engineers Tanzania (IET) - a professional association having specific practices and standards that it values. 
 
Both ERB and IET have ethical codes of conduct to regulate professional practice in Tanzania. Such codes assist 
members of these bodies to understand the difference between right and wrong and to apply this understanding 
in their decision making when faced with questions of ethics. Adherence to ethical requirements prevents 
exploitation of clients and the general public, and preserves the integrity and reputation of the engineering 
profession in Tanzania. ERB and IET normally take disciplinary action against members who violate the prescribed 
requirements.  
 
However, ERB and IET ethical codes lack emphasis on professional excellence - the quality of being outstanding or 
extremely good in what one does. This is a major shortcoming because quality characterizes humanity at its best 
performance. People really appreciate it. Professional engineers in Tanzania must therefore strive to achieve 
excellence and, hence, true success in their work. Strategies for doing so include: 
a) Starting every task or assignment by thinking how to do it better than it has ever been done before; 
b) Becoming a yardstick of quality by producing work of a higher standard than anybody else expects;  
c) Rejecting limitations and working really hard while focussing on achieving the best performance; and 
d) Doing the right thing regardless of what others think. 
 
Excellence is not the same as perfection. Striving for perfection, that is, faultlessness in practically everything one 
does is frustrating and futile. On the other hand, pursuing excellence is stimulating and rewarding. When a person 
is delivering the very best is when he/she feels most successful.  

    
6.0 CONCLUSION 
 
History is made by individuals who dare to challenge and exceed accepted norms. It is therefore incumbent upon 
every professional engineer in Tanzania to ask him/herself whether they have become all that they are capable of. 
If they have not, it means that they have not used their God-given talents, gifts and abilities to the full limit and are 
still capable of extending themselves to the maximum.  
 
It is not enough for a professional engineer to be contented with merely consuming what others create and then 
retreat into a shell of limited goals and immediate pleasures. Alienating yourself from your natural inclinations is 
unacceptable; it will diminish your contribution to national transformation and can only lead to pain and 
disappointment in the long run. Such pain will manifest itself later in your life in the form of bitterness and a sense 
of having wasted something very unique.  
 
 
 
 
 
 



31st  National Conference, December 2-4, 2021, Ngurdoto Mountain Lodge, Arusha, Tanzania 

 

Role of Engineering in Rocketing the National Development Trajectory Through Industrialization for Perpetual National Middle-Income Economy |64  
 

REFERENCES 
 
United Republic of Tanzania. The Engineers Registration Act 1997 
Mawenya, A S.  Development and performance of the engineering profession in Tanzania during the past fifty years 

– a general overview. Key note address. United Republic of Tanzania, Engineers Registration Board Annual 
Engineers Day  2011 

Munroe, M. Releasing potential – exposing the hidden you. Destiny Image Publishers Inc. Expanded Revised 
Edition 2007 p 142 

Mawenya, A S. Pursuing excellence, mastery and success in your professional discipline. Mkuki na Nyota Publishers 
Ltd 2021 p 87 

 Maxwell, J C. Beyond talent. Thomas Nelson 2011   
  

 

  



31st  National Conference, December 2-4, 2021, Ngurdoto Mountain Lodge, Arusha, Tanzania 

 

Role of Engineering in Rocketing the National Development Trajectory Through Industrialization for Perpetual National Middle-Income Economy |65  
 

CORRUPTION IN CONSTRUCTION INDUSTRY IN EMERGING ECONOMIES: SOURCES, EFFECTS AND 
INTERVENTIONS IN CONSTRUCTION PROJECTS 

By 
K. E. Kiyabo 

Prevention and Combating of Corruption Bureau  
engkiyabo@gmail.com, +255 754 393 908 

 

ABSTRACT 

Construction Industry (CI) has a significant contribution to the GDP (one among the indicators of 
economic development). Unfortunately, the contribution of the industry in emerging economies like 
Tanzania is impaired by corruption. The vice poses risk on sustainability of national lower middle-
income economy. The common corruption eradication strategies include investigation and prosecution 
of the culprits. Nevertheless, this approach is inadequate to eradicate the scourge. Despite the 
application of the anti-corruption legislation in prosecuting the perpetrators, complexity of works 
involved in construction projects threatens acquisition of enough evidence to be laid before the jury. 
This is a gap that favours some offenders. This study aimed at exploring corruption in CI to unveil the 
sources, effects and the interventions that may be used to curb the vice. A semi-systematic literature 
review approach was adopted to retrieve articles from reputable project management journals. 
Findings inform that sources of corruption emanate from project characteristics, regulatory aspects 
and personal factors. Corruption has adverse effects on the entire project lifecycle and infrastructure 
service. Implementation of managerial and community awareness interventions are powerful 
approaches in fighting corruption. Therefore, regulatory interventions may be complemented by these 
interventions for effective eradication of corruption. This study has contributed to existing literature 
by inter alia developing conceptual models that describe the sources, effects and interventions of 
corruption in construction projects. The study has recommended formal cooperation between the 
Engineers Registration Board, Institution of Engineers Tanzania and the Prevention and Combating of 
Corruption Bureau, effective implementation of codes of conduct and ethics for engineers and allied 
professionals as well as building of strong ethical culture among construction firms. 
 
Keywords: Construction Industry, Corruption, Emerging Economies, Engineering Projects. 

 
 
1.0 INTRODUCTION 

 
1.1   Background to the study 
Construction Industry (CI) significantly contributes to the Gross Domestic Product (GDP) of any country. GDP is 
one among the indicators of economic development. The average contribution of the CI to the GDP of Tanzania 
between the year 2003 and 2010 was 6.8% (URT, 2013). In line with its vital contribution to the GDP, the CI plays 
an important role in creation and maintenance of built environment for socio-economic development (Muhegi & 
Malongo, 2004; URT, 2003; URT, 2013). In spite of its importance, the contribution of the CI to the GDP in emerging 
economies like Tanzania is impaired by corruption (Sohail & Cavill, 2006; Mlinga, 2007; Monteiro & Souza, 2020; 
Yap et al., 2020). In this regard, corruption poses risk on sustainability of Tanzania’s national lower middle-income 
economy. The country attained a lower middle-income status in the year 2020 with a per capita income of 1,080 
USD. The lower limit of the class was 1,036 USD and the upper limit was 4,045 USD (The Citizen, 2020). 
 
Since independence, the government of the United Republic of Tanzania has been taking various measures to 
eradicate corruption in all sectors including the CI. Some of these measures are enactment of the Prevention of 
Corruption Act No. 16 of 1971 and establishment of the Anti-Corruption Squad (ACS) under the Ministry of Home 
Affairs in 1975 as well as establishment of an independent Prevention of Corruption Bureau (PCB) in 1991 (Key 
informant interview, personal communication, May 3, 2021). Other measures include formation of the Presidential 
Commission of Inquiry Against Corruption in 1996, enactment of the Prevention and Combating of Corruption Act 
No. 11 of 2007 that led to establishment of the Prevention and Combating of Corruption Bureau (PCCB) in 2007 
and launching of the National Anti-Corruption Strategy and Action Plan (NACSAP) in three phases between 2001 
and 2022, each phase spanning to a period of five years (Key informant interview, personal communication, May 
3, 2021).  
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Despite the measures taken, poor construction project performance especially poor quality of works, cost and time 
overruns are normally perceived as a result of corruption. Although there are other factors associated with poor 
project performance such as inadequate planning prior to budgeting for construction projects and absence of cost 
and quality control mechanisms during project implementation (Controller and Auditor General [CAG], 2021), 
corruption has continuously been perceived as a persistent problem in the CI. This argument is in line with the 
decisions of Uhuru Torch Races’ leaders who have been rejecting construction projects either for inauguration or 
foundation-stone laying each year. The leaders have been rejecting projects under suspicion of being constructed 
below standards under the influence of corruption. For example, among 1,432 construction projects visited during 
Uhuru Torch Races in 2018 countrywide, 80 projects were rejected, 107 out of 1390 projects were rejected in 
2019 and 52 out of 1,046 projects were rejected in 2021 (Key informant interview, personal communication, 
August 18, 2021 and October 27, 2021). Other corruption allegations in construction projects include construction 
of new a Mwanjelwa market in Mbeya City (CapitalTV, 2016) and road construction under the Dar es Salaam 
Metropolitan Development Project (DMDP), Temeke Municipality in Dar es Salaam City (Tanzanite TV, 2021). 
 
The common corruption eradication strategies include investigation and prosecution of the culprits. The 
Prevention and Combating of Corruption Act No. 11 of 2007 is a piece of legislation that is used to fight corruption 
in Tanzania. The Act outlines more than 20 corruption and related offences that are punishable by law. 
Nevertheless, investigation and prosecution approach is inadequate to eradicate the vice. Despite the application 
of the anti-corruption legislation in prosecuting the perpetrators of corruption, complexity of works coupled with 
interruptions, time and cost overruns camouflage existence of corruption in construction projects (Locatelli, 2017; 
Sohail & Cavill, 2006). Since proof of a case before the court of law calls for evidence that is beyond reasonable 
doubt, complexity of works in construction projects threatens acquisition of enough evidence to be laid before the 
jury during prosecution, this is a gap that favours some offenders through acquittals. 
 
1.2 Problem statement 
Sustainability of Tanzania’s lower middle-income status depends on the performance of the GDP. The CI is among 
the sectors that significantly contributes to the GDP. Unfortunately, the contribution of the industry in emerging 
economies like Tanzania is impaired by corruption hence the vice threatens the sustainability of the country’s 
lower middle-income status. The Government of the United Republic of Tanzania has been taking various legal and 
strategic interventions to eradicate the vice.  
 
Generally, investigation and prosecution of corruption offenders are common strategies to exterminate the vice. 
Despite the application of the anti-corruption legislation in prosecuting the perpetrators, complexity of works 
coupled with interruptions, time and cost overruns camouflage existence of corruption in construction projects 
hence the approach proves to be inadequate to eradicate the scourge. In this regard, corruption has been perceived 
as an impediment in successful implementation of construction projects. The remarkable perception of the effects 
of corruption in construction projects inter alia is the rejection of projects for inauguration or laying of foundation-
stones during Uhuru Torch Races each year. For example, 80 projects with construction value of TZS 27.5 billion 
were rejected in 2018; 107 projects with construction value of TZS 90.2 billion were rejected in 2019 and 52 
projects with construction value of TZS 29.8 billion were rejected in 2021 (Key informant interview, personal 
communication, August 18, 2021 and October 27, 2021). Furthermore, construction value for Mwanjelwa market 
in Mbeya City was alleged to raise from TZS 13 billion to TZS 26 billion (CapitalTV, 2016) and a 1.8 km DMDP road 
project in Temeke Municipality, Dar es Salaam City was alleged to cost 5.5 billion (Tanzanite TV, 2021). This value 
was perceived to be too high beyond reasonable construction costs. 
 
In a bid of finding the broad insights on corruption in the CI, this study employed a semi-systematic literature 
review approach to unveil the sources and effects of corruption and the interventions that may be used to eradicate 
the vice in the CI in emerging economies. The study focused on construction projects in Tanzania. 
 
1.3 Study objectives 
This study aimed at exploring corruption in the CI in emerging economies with focus to Tanzania. Specifically, this 
study intended to:  

(i) Describe the sources of corruption in construction projects,  
(ii) Enlighten the effects of corruption in construction projects, 
(iii) Assess interventions to curb corruption in construction projects. 
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2.0 METHODOLOGY 
 
According to Snyder (2019) literature review approaches include systematic, semi-systematic and integrative 
approaches. Systematic and integrative literature review approaches are used when comparing evidence over 
time and critiquing the synthesized evidence respectively while semi-systematic approach is used when 
overviewing research area and tracking changes over time (Snyder, 2019). Since this study intended to explore 
the sources, effects and interventions of corruption in construction projects which change overtime, the semi-
systematic literature review approach was deemed appropriate for this study. Therefore, the articles search 
strategy was not systematic but rather semi-systematic. 
 
Internet search using google search engine was conducted between April 20 and May 17, 2021 into two stages: 
first, search for reputable journals and second, search for articles from the selected journals. Based on past studies, 
the list of journals included “International Journal of Project Management”, “Project Management Journal”, 
“Journal of Construction Engineering and Management”, “Journal of Management in Engineering”, “Science and 
Engineering Ethics” and “Engineering, Construction and Architectural Management” (Denicol et al., 2020; Locatelli 
et al., 2017, Owusu et al., 2019a; Owusu et al., 2019b). The Journals are shown on Table 1. According to the author’s 
knowledge, two journals which publish articles on corruption in the CI were added, these are “International 
Journal of Construction Management” and “International Journal of Managing Projects in Business” (Table 1). 
 
Internet search into the aforementioned journals was conducted using a keyword “corruption” to streamline the 
contents to the subject matter. Articles containing the keyword in the title were termed as relevant articles, hence 
included in the literature review. Articles which did not meet this criterion were deemed irrelevant and hence 
excluded from the literature review. 
 
Table 1. Literature search results from selected journals 

Name of journal Name of 
publisher 

Number of 
articles 

Relevant 
articles 

Engineering, Construction and 
Architectural Management 

Emerald 102 1 

International Journal of Construction 
Management 

Taylor & Francis 93 2 

International Journal of Managing 
Projects in Business 

Emerald 54 1 

International Journal of Project 
Management 

Elsevier 103 1 

Journal of Construction Engineering and 
Management 

ASCE 94 2 

Journal of Management in Engineering ASCE 94 3 
Project Management Journal Sage 46 2 
Science and Engineering Ethics Springer 102 2 
Total  688 14 

ASCE denotes American Society of Civil Engineers- Source: Literature search on internet 2021 
 
 
3.0 FINDINGS 
 
3.1  Sources of corruption in construction projects 
Although corruption manifests itself in various forms in different jurisdictions worldwide, the commonly reported 
forms in literature include bribery, conflict of interest, fraud, collusion, embezzlement, nepotism and extortion 
(Ameyaw et al., 2017; Chan & Owusu, 2017; Mlinga, 2007; Sohail & Cavill, 2006). Based on the conducted literature 
review and adopted categorization in this study, sources of corruption fall under three categories, these are project 
characteristics, personal factors and regulatory aspects. Sources of corruption in construction projects as 
extracted from past studies with supporting reference are shown on Table 2. 
 
 
 
 
 
 



31st  National Conference, December 2-4, 2021, Ngurdoto Mountain Lodge, Arusha, Tanzania 

 

Role of Engineering in Rocketing the National Development Trajectory Through Industrialization for Perpetual National Middle-Income Economy |68  
 

Table 2. Sources of corruption in construction projects 
Category Source Supporting reference 
Project characteristics Great project complexity  Chan & Owusu (2017), 

Locatelli et al. (2017) 
 Project size and uniqueness  Locatelli et al. (2017) 
 Number of contractual links Locatelli et al. (2017) 
 Project interference by government officials Locatelli et al. (2017) 
Regulatory aspects Lack of professional ethics and codes of 

conduct 
Chan & Owusu (2017), 
Zhang et al. (2017) 

 Inadequate sanctions Chan & Owusu (2017) 
 Weak regulatory systems Zhang et al. (2017), Yap 

et al. (2020) 
 Lack of competitive and equitable bidding 

practices and procedures 
Zhang et al. (2017) 

Personal factors Negative leader roles  Chan & Owusu (2017) 
 Negative encouragement Zhang et al. (2017), Yap 

et al. (2020) 
 Illegitimate gains Zhang et al. (2017) 
 Lack of rigorous supervision Chan & Owusu (2017) 

 
3.2 Effects of corruption in construction projects 
Some authors like Sohail and Cavill (2006) have illustrated the effects of corruption on the construction project 
lifecycle. Owusu et al. (2020) found that susceptibility for corruption is very high during project execution, pre-
qualification and tendering phases. On their side, Ameyaw et al. (2017) contended that public officials, contractors 
and construction professionals are perpetrators of habitual corruption and unethical behaviour during bid 
evaluation, tendering, and contract implementation stages of construction projects. These findings suggest that, 
the entire project lifecycle in the CI is susceptible to corruption. This argument is in line with the findings of the 
Prevention and Combating of Corruption Bureau [PCCB] (2016). Table 3 shows the effects of corruption in 
construction projects as extracted from extant literature. 
 
Table 3. Effects of corruption in construction projects 

Category Effect Supporting 

reference 

Project lifecycle Delays project delivery times  Locatelli et al. (2017) 

Reduces efficiency by favouring construction firms 

with corrupt connections rather than the effective 

ones  

Locatelli et al. (2017) 

Influences government project failure Damoah et al. (2018) 

Infrastructure 

service 

Reduces the quality of infrastructure service Locatelli et al. (2017) 

Increases the operating cost of providing a given 

level of infrastructure service 

Locatelli et al. (2017) 

Reduces the potential economy of infrastructure 

due to implementation of sub-optimal projects 

Locatelli et al. (2017) 

 
3.3 Intervention of corruption in construction projects 
According to Sohail and Cavill (2006) corruption in the CI is inter alia facilitated by failure of government in pursuit 
of public goals, lack of regulation and professional code enforcement and lack of professional culture to ensure 
good practice. Additionally, Owusu and Chan (2019) posited that absence of political will by government officials, 
statutory professional councils and personal attitudes are the leading barriers in fighting corruption in emerging 
economies. It is upon this background; interventions have been extracted from existing literature that may add 
value in the fight against corruption in construction projects.  
 
Based on literature review and form of categorization as adopted in this study, corruption intervention on the 
construction projects are categorized into regulatory, managerial and community awareness interventions as 
shown on Table 4. 
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Table 4. Interventions of corruption in construction projects 

Category of intervention Description Supporting reference 

Regulatory interventions Enforcement of law, regulations and 

sanctions 

Yap et al. (2020), Owusu 

et al. (2019b) 

 Ethical codes Owusu et al. (2019b) 

 Development of strong political and 

ethical will to enforce existing 

anti-corruption policies and laws 

Owusu et al. (2019b) 

Managerial interventions Transparency mechanism Osei-Tutu et al. (2010), 

Owusu et al. (2019b) 

 Accountability system Osei-Tutu et al. (2010) 

 High integrity and honest 

construction culture 

Yap et al. (2020), Osei-

Tutu et al. (2010) 

 Good governance Osei-Tutu et al. (2010), 

Owusu et al. (2019b) 

 Strengthening of professional 

institutions 

Owusu et al. (2019b) 

Community awareness 

interventions 

Training and development initiatives Owusu et al. (2019b) 

 Raising awareness Owusu et al. (2019b) 

 Publication of contract and 

implementation details 

Owusu et al. (2019b) 

 Effective reporting channel Yap et al. (2020) 

 
4.0 DISCUSSION OF FINDINGS 
 
Construction projects constitute a large spectrum of engineering projects that are important in realization of the 
role of engineering in rocketing the national development trajectory through industrialization for perpetual 
national middle-income economy. However, corruption is an impediment in sustaining national middle-income 
economy, thus the role of engineering will be realized when corruption is intervened in the CI. Nevertheless, 
intervention of corruption in the CI calls for deep understanding on its sources and effects. 
 
This section discusses the sources, effects and interventions of corruption in construction projects. Taking into 
account that the findings of this study are extracted from extant literature found worldwide, comparison of the 
findings is made to studies conducted in Tanzania to validate their application in the context of this country. 
Consequently, two conceptual models are developed, one for sources and effects of corruption on project lifecycle 
and infrastructure service and the other for corruption interventions in curbing the scourge in construction 
projects. The conceptual models facilitate easy description of the relationships among factors or constructs within 
the model (Jabareen, 2009; Svinicki, 2010). Furthermore, the models may be tested in future studies to obtain 
empirical evidence on the underlying relationships for informed decision making. 
 
4.1 Sources of corruption in construction projects 
In the context of this study, sources of corruption refer to factors that influence the existence of corruption, they 
explain their relationships with corruption. These differ from causes of corruption which are explanations for 
occurrence of corruption (see for example in PCCB, 2016; Zacharia, 2019). Based on the findings of this study, 
sources of corruption in the CI fall under three categories, namely project characteristics, personal factors and 
regulatory aspects. Sources of corruption under project characteristics include great project complexity, project 
size and uniqueness, number of contractual links and project interference by government officials. All these factors 
are characterized by many unforeseen circumstances that attract massive variation orders which eventually cause 
cost and time overruns; hence project characteristics pave firm ground for corruption to go undetected as 
suggested in Sohail and Cavill (2006). These findings are in line with the findings of past inquiry on the state of 
corruption in Tanzania which found that project cost overruns especially in road construction projects are used 
to defraud the government and justify the practices of grand corruption (United Republic of Tanzania [URT], 
1996).  
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The regulatory aspect is another category of sources of corruption, this includes factors such as lack of professional 
ethics and codes of conduct, inadequate sanctions, weak regulatory systems and lack of competitive and equitable 
bidding practices and procedures. This category addresses weakness in law enforcement as a source of corruption 
in construction projects. Although there exists a number of legislations that address the issue of corruption in the 
country, the Public Procurement Act No. 7 of 2011 and the Prevention and Combating of Corruption Act No. 11 of 
2007 are the prominent legislations that are used to fight corruption in the CI in Tanzania. Despite the efforts 
exerted to enforce these legislations, it is perceived that enforcement of the same is still not effective (PCCB, 2016; 
URT, 1996; Zacharia, 2019). Failure to punish those found guilty according to extant laws does not only accelerate 
corrupt practices but also creates and nurtures the culture of impunity which eventually impacts acquisition of 
information from the public. Whistle-blowers and informers become self-doubting that the culprits will be dealt 
accordingly hence hesitate to give information to responsible authorities. However, institution of cases in court of 
law calls for evidence that proves the case beyond reasonable doubt, thus, law enforcement authorities cannot 
institute proceedings in court without enough evidence. 
 
Whenever there is no enough evidence to prosecute the culprits before the court of law, codes of conduct and 
ethics may be used as important tools in fighting corruption. The Engineers Registration Board (ERB) and 
professional associations such as the Institution of Engineers Tanzania (IET), Association of Consulting Engineers 
Tanzania (ACET), Tanzania Civil Engineering Contractors Association (TACECA) and Contractors Association of 
Tanzania (CATA) have their own codes of conduct and ethics (PCCB, 2016). Despite the presence of all these codes 
of conduct and ethics, it is perceived that their presence has not yet brought the intended outcomes. This argument 
is supported by the words of Late Benjamin William Mkapa, former President of the United Republic of Tanzania, 
the words are hereby quoted from Chavda (2005) as cited in Mlinga (2007): 
 

As I was preparing for this event, I was shown the Code of Ethics of the Institution of Engineers 
Tanzania. It is by all means a very impressive piece of literature, and a commendable commitment 
to honesty and integrity. If implemented in full by all your members, and strictly enforced in respect 
of those that are in the breach, we could make great strides in cleaning and elevating the image of 
the engineering profession in the public eye. 

 
Likewise, talking about the importance of codes of ethics and conduct in curbing corruption among engineers, 
Judge Joseph Sinde Warioba, former Prime Minister of the United Republic of Tanzania stated the following words 
(Chavda, 2005, as cited in Mlinga, 2007): 
 

The Engineering profession has an elaborate and there are several professional associations for 
engineers which have included such ethics in their constitutions or codes. The code of ethics 
prohibits corruption of every type. It appears however, that the codes of ethics are not respected 
at all. Professionals complain of lack of action to combat corruption but they do nothing within 
their professional associations. Sometimes those who complain loudest are the most corrupt. 

 
The words of Late Mkapa and Judge Warioba confirm the importance of codes of conduct and ethics in curbing 
corruption in construction projects. However, the leaders showed dissatisfaction on the enforcement of such codes 
alarming that the codes are not effectively enforced. Furthermore, the leaders insisted on involvement of all 
members of engineering associations to implement and respect the codes of conduct and ethics when discharging 
their professional assignments.  
 
Personal factor is another source of corruption in construction projects. This includes negative leader roles, 
negative encouragement, illegitimate gains and lack of rigorous supervision. All these factors can be termed to be 
the result of unethical behaviour that encourages people to be involved in corrupt practices (Zacharia, 2019). 
Leaders who lack rigorous supervision coupled with negative roles and negative encouragement to subordinates 
are not expected to implement the applicable laws, regulations and codes of conduct and ethics at workplace, as a 
result such leaders are greedy to obtain illegitimate gains through corrupt practices. These findings are consistent 
with the findings of PCCB (2016), Mazigo (2014) and Zacharia (2019) who found that personal behaviour 
determines the extent individuals become involved in committing or fighting corruption. 
 
4.2 Effects of corruption in construction projects 
This study has grouped the effects of corruption in construction projects into two categories, these are effects on 
project lifecycle and infrastructure service delivery. Effects on project lifecycle include delay in project delivery 
times, reduction of efficiency by favouring construction firms with corrupt connections rather than the effective 
ones and influence on government project failure. Effects on infrastructure service delivery include reduction of 
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the quality of infrastructure service, increase of the operating cost of providing a given level of infrastructure 
service and reduction of the potential economy of infrastructure due to implementation of sub-optimal projects. 
These effects demonstrate that corruption does not only infiltrate the project lifecycle (Ameyaw et al., 2017; 
Owusu et al., 2020) but also the infrastructure service (PCCB, 2016; Sohail & Cavill, 2006). 
 
Generally, project lifecycle includes initiating processes, planning processes, executing processes, monitoring and 
controlling processes and closing processes (Project Management Institute [PMI], 2017). Projects are normally 
confronted by competing constraints such as scope, schedule, cost, quality, resources, and risks (PMI, 2017). Since 
corruption has a direct effect on cost, time and quality of the project, it destabilizes the project constraints leading 
to failure of projects. Furthermore, corruption is the driver of high and unnecessary infrastructure operational 
costs. Based on the sources and effects of corruption on project lifecycle and infrastructure service, a conceptual 
model has been developed (Figure 1). 
 
 

 

 

 

 

 

 
 
 
 
 
 

Figure 1. Sources and effects of corruption in construction projects 
Source: Author’s construct based on literature review 

 
4.3 Interventions of corruption in construction projects 
Corruption interventions are measures that prevent and combat corruption. This study has grouped corruption 
interventions into three categories namely, regulatory interventions, managerial interventions and community 
awareness interventions. Regulatory interventions are centred on enforcement of laws, regulations and codes of 
conduct and ethics coupled with strong political will to enforce the same. Managerial interventions entail 
organizational internal mechanisms to promote transparency and accountability to create and sustain high 
integrity and honest culture. Community awareness interventions include training and development initiatives to 
raise public awareness on the evil of corruption and the means the public can come on board in the fight against 
the vice.  
 
A critical review of anti-corruption legislation in Tanzania has shown that the aforementioned interventions are 
in line with the provisions of the Prevention and Combating of Corruption Act No. 11 of 2017. That is, the Act 
provides three approaches in fighting corruption, these include creation of community awareness, strengthening 
systems in public and parastatal organizations (managerial intervention) and investigation and prosecution of 
corruption offenders  before the court of law (regulatory intervention). In addition to the Act, there are several 
codes of conduct and ethics under the enforcement of regulatory and professional bodies such as ERB and IET. 
Interestingly, provisions of the codes of conduct and ethics for engineers from regulatory bodies or professional 
associations overlap with corruption offences as outlined in the Prevention and Combating of Corruption Act No. 
11 of 2007. 
 
The overlap of the codes and the Act is hereby discussed, for example, the Act prohibits receiving and giving of 
bribes (Section 15 of the Act), use of documents intended to mislead principal (Section 22 of the Act) and obtaining 
advantage without lawful consideration (Section 23 of the Act); these offences are prohibited under Regulation 
3(a), Regulation 4(c), Regulation 5(4), Regulation 6(3), Regulation 9 and Regulation 12 of the Code of Conduct and 
Ethics for Engineers (Engineers Registration Board [ERB], 2013). Nevertheless, prohibition of abuse of position 
under Section 31 of the Prevention and Combating of Corruption Act No. 11 of 2007 is also prohibited under 
Regulation 5(2), Regulation 14(2)(b) and Regulation 19 of the Code of Conduct and Ethics for Engineers (ERB, 
2013). 
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Likewise, the IET Code of Conduct and Ethics for Engineering Practice (Institution of Engineers [IET], 2021) covers 
corruption offences under the Prevention and Combating of Corruption Act No. 11 of 2007. That is, receiving and 
giving of bribes (Section 15 of the Act) is prohibited under Regulation 10 and Regulation 17 of the Code. 
Furthermore, obtaining advantage without lawful consideration (Section 23 of the Act) and abuse of position 
(Section 31 of the Act) are prohibited under Regulation 18 and Regulation 20 of the Code respectively. It is 
interesting to note that, the IET Code of Conduct and Ethics for Engineering Practice lays down the procedure to 
embark on disciplinary proceedings and the actions thereto. 
 
The overlap of the Act and the codes of conduct and ethics for engineers informs that the Act and the codes are 
complementary and not competitive to each other. Therefore, whenever enforcement of the Act encounters some 
unexpected issues due to various legal technicalities, the codes may be used to complement the Act and vice versa. 
However, effective implementation of the codes calls for integration of managerial and community awareness 
interventions, thus corruption in construction projects may be tackled using a holistic approach comprising of 
regulatory, managerial and community awareness interventions. In regard to this discussion, this study argues 
that codes of conduct and ethics for engineers are powerful tools in fighting corruption in construction projects. 
The codes can be used to take disciplinary actions against offenders and hence fill the gaps that may be created by 
legal technicalities to prosecute the same before the court of law. 
 
Generally, eradication of corruption implies promotion of high ethical culture among engineers and allied 
professionals in CI. Taking into account that community awareness interventions are likely to enhance effective 
implementation of regulatory and managerial interventions, this study conceptualizes that community awareness 
interventions have direct and indirect influence on ethical culture through regulatory and managerial 
interventions. Therefore, the conceptual framework to curb corruption in construction projects is hereby 
developed (Figure 2). 
 
  

 

 

 

 

  

 

 

 

 

 

 

 
Figure 2. Corruption interventions in construction projects 
Source: Author’s construct based on literature review 

 
 
5.0 CONCLUSIONS AND RECOMMENDATIONS 
 
5.1 Conclusions 
Based on the conducted literature review, it is evident that sources of corruption fall under three categories, these 
are project characteristics, regulatory aspects and personal factors. Furthermore, corruption affects both the 
project lifecycle and infrastructure service. Moreover, corruption in construction projects may be intervened by 
promoting ethical culture through implementation of community awareness, regulatory and managerial 
interventions.  
 
Although the sources, effects and interventions of corruption in the CI were extracted from different countries 
with diverse culture and economic status, discussion of the findings has revealed that the factors are applicable in 
the context of Tanzanian CI.  
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Therefore, this study concludes as follows: 
i. Project characteristics, regulatory aspects and personal factors influence existence of corruption in 

construction projects. Prevalence of corruption in construction projects reduces the contribution of the 
CI to the GDP. In this regard, corruption undermines the role of engineering in rocketing the national 
development trajectory through industrialization for perpetual national middle-income economy. 

ii. The effects of corruption do not end only on the project lifecycle but also extend to the infrastructure 
service lifetime. Therefore, corruption has detrimental effects on the sustainability of infrastructure 
development. 

iii. Corruption in the CI can be eradicated using the combination of various approaches including regulatory, 
managerial and community awareness interventions. The combination is likely to promote ethical culture 
that influences engineers and allied professional to withdraw from corrupt practices. 

 
5.2 Contributions of the study to existing literature 
The contributions of the study as hereafter explained are not found in extant literature, an attribute that 
distinguishes this study from past studies. That is, the study has contributed to existing literature under the 
following grounds: 

i. The study has revealed that codes of conduct and ethics for engineers overlap with corruption offences 
hence the codes of conduct and ethics for engineers and the Prevention and Combating of Corruption Act 
No. 11 of 2007 are complementary to each other.  

ii. Sources and effects of corruption in construction projects have been combined into a single conceptual 
model (Figure 1). The sources have direct influence on corruption while corruption has direct influence 
on project lifecycle and infrastructure service.  

iii. The study has demonstrated that curbing corruption calls for multi-approaches and involvement of 
various stakeholders. Therefore, corruption may be effectively eradicated (promotion of ethical culture) 
by complementing law enforcement with managerial and community awareness interventions. The 
conceptual model describing interventions in construction projects (Figure 2) has been developed to 
describe this synergy. 

 
5.3 Limitation of the study and direction for future studies 
The sources, effects and interventions that may be used to curb corruption were extracted from past studies. The 
findings were compared to existing literature in Tanzania to ascertain their applicability in this context. Thus, the 
study did not obtain empirical evidence on the relationships of these factors to corruption. By using the developed 
conceptual models, future studies may empirically determine the extent the sources influence corruption, the 
magnitude corruption affects construction projects and the effectiveness of the interventions in curbing 
corruption in construction projects. 
 
5.4 Recommendations 
Eradication of corruption calls for holistic approach and involvement of various stakeholders. The Prevention and 
Combating of Corruption Act No. 11 of 2007 mandates PCCB to cooperate with other stakeholders in the fight 
against corruption. Therefore, this study recommends: 

i. Inception of formal cooperation between PCCB, ERB and IET through memoranda of understanding 
(MoUs) in implementing community awareness, managerial and regulatory interventions.  

ii. Effective implementation of codes of conduct and ethics for engineers and allied professionals involved in 
the CI to complement the enforcement of anti-corruption laws.  

iii. The Contractors Registration Board (CRB) is advised to promote strong ethical culture among 
construction firms through various initiatives. This will enable engineers and allied professionals 
employed by construction firms to voluntarily adhere to laws and regulations to avoid corruption and 
related offences. 
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