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A BIDIRECTIONAL CHARGE FOR ELECTRIC VEHICLE
Daniel A. Kisinga
Department of Electrical Engineering, Dar es Salaam Institute of Technology,
P. O. Box 2958, Dar es Salaam, Tanzania
Email: kisingadaniel@gmail.com
ABSTRACT
Electric Vehicles (EVs) offer a number of advantages compared to the conventional cars
particularly at this era where adaptation to the global climatic changes is very significant,
primarily climate change is a result of destruction of ozone layer due to emission of greenhouse
gases. In the latter context, EVs can participate in vehicle to grid (V2G) technology. Therefore,
in order to harness the full benefits of EVs, particularly in V2G technology, suitable and
efficient charging facilities are required. In this paper, a simple-low cost Low Frequency
Transformer (LFT) based on-board bi-directional charger (OBC) is designed. Results are
validated in MATLAB/Simulink package where the controller’s ability to charge and discharge
EV-batteries, with the required harmonic content of the injected current as per IEEE 519-1992
standard is verified.
Keywords: Electric Vehicles (EVs), Climate Change, Low Frequency Transformer (LFT), Onboard Bidirectional Charger (OBC), Vehicle to grid (V2G)
1

INTRODUCTION

Global climatic change and the use of clean energy have caused concerns to mankind. The
phenomenon such as global warming has posed potential threat to the living species. To a large
extent, the use of fossil fuels and gases, have proved to be one of the major causes of such
catastrophe. Potentially, when these conventional sources of energy are burnt, they emit
greenhouse gases such as carbon dioxide which contributes to the destruction of ozone layer
apart from chlorofluorocarbons (CFCs), hydrochlorofluorocarbons (HCFCs), halons, carbon
tetrachloride, methyl chloroform and methyl bromide. Additionally, these sources are finite
and their cost keeps increasing every day (Zhang et. al. 2017, Fahem et. al., 2017, Kisacikoglu
et. al. 2015). Therefore, the world has been searching for effective strategies to minimize, if
not eliminating such reliance on these sources of energy.
In transport sector, the usage of Electric Vehicles (EVs) have proved to be an effective solution
towards elimination of the dependency on the conventional sources of energy (Teixeira et. al.
2015, Dai et. al., 2016). This is due to numerous advantages offered by EVs which are contrary
to the conventional cars, these include; high energy efficiency-EVs use electric motors that
possess torque-speed characteristics that is ideal for traction (Gould et. al. 2013), clean (no
emission of greenhouse gases) and thus eco-friendly, and can be source of income to an EV
owner once utilized in Vehicle to Grid (V2G) technology. Additionally, in V2G technology,
EVs can be used in grid stabilization through provision of ancillary services such as peak load
shaving, load levelling, reactive power support, voltage regulation and spinning reserve. In this
context, EVs are considered as mobile source of energy (Wang et. al. 2017, Shakeel et. al.
2019, and Sami et. al. 2019).
Therefore, in order to harness the full benefits mentioned above, particularly in V2G
technology, efficient and suitable charging facility is required for provision of interface
between the EV and the grid.
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LITERATURE SURVEY

Essentially, the on-board charger (OBC) must be bidirectional, that is, with capability of
charging the EV batteries and discharging them to the grid whenever required. These chargers
can be classified into three levels based on power ratings, namely; Level 1, level 2 and Level
3. Level 1 and 2 chargers are designed for public and home charging with their power limited
to 20 kW. They are slow charging and are on board. On contrary, level 3 chargers are fast
charging with power ratings of about 100 kW and are off board. Normally, commercial EV
charging stations are at this level and they are connected to the medium level voltages
(Mukherjee et. al. 2015, Gadelrab et. al. 2018, and Tran et. al. 2017).
Generally, EV chargers can be broadly categorized into on-board chargers (OBC) and off board
chargers. The off-board chargers are expensive and pose challenge of extremely loading of the
power system when a number of EVs are simultaneously charged (Abousleiman et. al. 2015).
On the other hand, the on board EV chargers are less expensive and proves to be commercially
viable (Gould et. al. 2013, Gupta et. al. 2019, Fahem et. al. 2017.). Moreover, OBC can be used
for charging an EV at any place where there is electrical energy at required voltage level such
as in households or public infrastructures such as offices and malls (Fahem et. al. 2017,
Taghizadeh et. al. 2015). This work focuses on the on board EV chargers.
These, OBC can either be integrated with the traction drive circuit or can be isolated from it
(Kamble et. al. 2018, Monteiro et. al. 2019). The use of the electric traction drive components
for OBC is advantageous in cost reduction and offers simplicity in design. Normally, the
integrated OBC uses Low Frequency Transformer (LFT) as the means of isolation while,
isolated OBC uses High Frequency Transformer (HFT) as the means of isolation and it is
beneficial in weight and size reduction of the charger. However, it is very expensive due to
additional components and complexity in control (Gould et. al. 2013).
Fundamentally, on board EV chargers to be utilised in V2G technology should be bidirectional,
simple and compact (with as small size as possible and light weight), meeting harmonic
standards, operating at high power factor as well as should be reliable and safe (Fahem et. al.,
2017, Ebrahimi et. al., 2014). There are various topologies to achieve the on board EV charger
with mentioned qualities. All the topologies mainly consist of the AC/DC converter and active
or passive filter. Broadly, the topologies can be classified into two categories, single stage
topologies and two stage topologies (Jiang et. al. 2014, Qu et. al. 2019, and Wong et. al. 2012).
The single stage converter topology provides the simplest design with increased efficiency as
it uses minimum number of power electronic switches and therefore has minimum losses
(Nassary et. al. 2019). This entails half bridge, full bridge and multilevel converters. Among
the fore mentioned designs, full bridge converter is the commonly used due to its optimal
voltage stresses on the switches and its simplicity in design. It is normally accompanied with
active filter and a low frequency transformer. Different literature articulates different types of
filters to be used with full bridge AC/DC converter for bidirectional power transfer, however
LCL filter with appropriate damping method (passive/active) is used. This filter is preferred
due to simplicity in design, small size and low cost. The filter is significant for ensuring
minimal harmonics in the system and that IEEE519-1992 standard is followed and it is damped
to ensure stability of the system. Among various damping methods, passive damping is a low
cost and a simpler technique, however it has losses; where as active damping methods, which
include virtual resistor and notch filter, are efficient due to being less lossy. LFT provides a
means of isolation and normally form part of LCL filter (IEEE 2014, Qu et. al. 2019, Nassary
et. al. 2019, Wong et. al. 2012, Dahono, 2002, Abousleiman et. al. 2015, Nayak 2019).
On the other hand, the two stage on board bidirectional converter topologies have increased
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performance over single stage topologies (Singh et. al. 2017). This includes full bridge
AC/DC+ Two quadrant buck-boost, Split-Phase Three-Leg AC-DC + two quadrant buck boost,
Full-Bridge AC-DC+ Dual-Active Bridge DC-DC etc. Among various two stage topologies,
full bridge AC-DC + Dual Active Bridge DC-DC topology is most commonly used topology
due to its higher power density, soft switching, lower electromagnetic interference and higher
efficiency (Gould et. al. 2013, Gowda et. al. 2019). This converter topology is used with HFT
and therefore offers benefits of low weight as well as charger malfunction won’t affect the
drive system of the EV, since the charger is not integrated with it. The only concern for this
topology is its cost, that is, it is very expensive. Therefore, comparing between two commonly
used topologies, that is, single stage full bridge AC-DC converter with LFT and two stage HFT
full bridge AC-DC + Dual Active bridge DC-DC converter, trade-off has to be made been
efficiency, costs and weight (Gould et. al. 2013) (Jiang et. al. 2014).
3

PROBLEM DEFINITION

With the introduction of EVs and the need to harvest full benefits of them in rejuvenating the
power grid and elimination of dependence on fossil fuels in order to conserve environment, the
need of suitable-low cost bidirectional EV chargers is very significant in adapting to these
changes.
4

OBJECTIVES

As the key enabler of the V2G technology, this project aims at designing a simple, low cost,
reliable and efficient LFT based on-board bidirectional charger for an EV. Hence, this research
work is very significant for enhancement of harnessing of the benefits of an EV participating
in V2G technology, in a simple and convenient manner, and promotes the utilization of the
EVs-whose benefits have been mentioned in the first paragraph above.
5
5.1

METHODOLOGY
A Bidirectional Power Transfer

The bidirectional on-board charger involves power transfer between two sources of energy, the
grid and the battery side. This is analogous to motoring and generating operation of an electrical
machine, that is when the batteries in EV are charged-the operation is similar to the motoring
operation and when they are discharged-the operation is equivalent to the generating mode.
Since, batteries are interfaced with the H-bridge converter whose output voltage is fully
controllable in terms of its magnitude, phase and frequency. Therefore, through phase control
of the output voltage of the inverter the bidirectional power transfer can be achieved. Figure 1
summarizes the power transfer between grid and inverter voltage. From the phasor diagram in
Figure 1 (b), It can be shown that power transfer is given by equation (1) in which the
bidirectional power flow is achieved through changing power angle (δ).
P

5.2

VbVg sin 

(1)

X eq

Design Topology

Various power electronic topologies have been discussed in section 1, with justified reasons
given in (Colombage, 2015), a full bridge AC/DC converter with a front end LCL and a LFT
is adopted in this research work. The block diagram of the system is given in Figure 2.
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Figure 1: (a) Power circuit
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(b) Phasor diagram for power injection into
grid

Full Bridge AC/DC Converter

The adopted topology consists of full bridge AC/Converter which as described in Fig 3. Output
AC voltage ( ) of the converter is fully controllable in terms of frequency, phase angle and its
magnitude. This can be achieved by suitably modulating the converter switches. There are
various modulation strategies that can be used to generate this voltage, however for power
transfer between the grid and EV batteries these voltages must be synchronized (Soreng et. al.
2017), therefore as the grid voltage is sinusoidal then Sinusoidal Pulse width Modulation
(SPWM) Strategy is used. Moreover, with SPWM modulation techniques all the stated
parameters (frequency, phase and magnitude) of the AC output voltage can be controlled.
Essentially, there are two types SPWM modulation strategies, Bipolar SPWM technique and
Unipolar SPWM technique. The latter is advantageous in terms of harmonic content reduction
(Colombage, 2015), which is very significant in V2G technology and therefore, it is the
modulation strategy which is used in this project.
5.4

Front End Filter Design

For the V2G applications, adoption of the filter in the front-end design is inevitable for
harmonic suppression and therefore, complying with the IEEE519-1992 and IEEE929-2000
standards which stipulates the quality of the injected current (IEEE 2014). Among various filter
topologies, the LCL filter is an optimal solution as far as size and cost of the filter is concerned.
In designing LCL filter, it is limited by the maximum allowable series inductance which is also
constrained by the DC link voltage, maximum grid current, operating range of the grid voltage
and dead time in the converters. It should be noted that beyond maximum allowable
inductance- the maximum specified power cannot be achieved due to losses. Thus, based on
the LCL filter was designed to meet the specified maximum power transfer as stated in
(Colombage, 2015) and the following values were obtained;
𝐋𝐠 = 𝟏𝟒𝟓µ𝐇

𝐋𝐬 = 𝟓𝐦𝐇

𝐋𝐩 = 𝟑𝟎𝟎µ𝐇

𝐂 = 𝟔. 𝟔𝟐µ𝐅

𝐑𝐝 = 𝟎. 𝟕Ω

Figure 2: LFT on board charger design topology
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Figure 4: Block diagram of the transfer function

The resistance Rd is incorporated into the design to damp the system since the transfer function
of the LCL filter is a third order equation (consider equation (2)), which is proved to be unstable
when compared with the standard third order equation (3rd order equation is only stable when
the its coefficients (a, b, c and d) are all having the same sign), and results into stable transfer
function as given by equation (3) (Wang et. al. 2017). Figure 4 provides the block diagram of
the damped system, while the bode plot of the undamped and damped system on the same axis
is shown in (Colombage, 2015) where the undamped system is having overshoots which marks
oscillations and thus instability in the system which has been eliminated in the damped system
by incorporation of the damping resistor.

G

𝐺=

5.5

I2
1
 3
Vb s CL1 Lg  s( L1  Lg )

𝐼
(1 + 𝑠𝐶𝑅)
=
𝑉
𝑠 𝐶𝐿 𝐿 + 𝑠 𝐶𝑅 𝐿 + 𝐿 + 𝑠(𝐿 + 𝐿 )

(2)

(3)

(3)

Ideal Bidirectional Controller

The Ideal controller is based on power triangle portrayed in Figure 1 (b) where the required
RMS value of the current is given into the controller as the reference current. The grid RMS
voltage is measured, together with the determined equivalence impedance of the LCL and the
set reference current are used to determine the required control signal as described in Figure 6.
Based on the developed current controller (as shown in Figure 6) the following simulation
results can be obtained from the MATLAB/Simulink package which describes the ability of
the system to engage in V2G application.
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Figure 6: Ideal on-board bidirectional
controller for V2G applications

Figure 7: On phase grid current and
voltage during V2G using ideal
bidirectional controller

Figure 8: Convergence of the measure
RMS grid current into reference RMS
current during V2G

Figure 9: 180º out of phase grid current
and voltage during G2V using ideal
bidirectional controller

a. Vehicle to Grid
The controller showed ability to track the reference current in 2 cycles of the fundamental
frequency. Grid current is shown to be exactly in phase with the grid voltage which is the one
of the preliminary requirements of the on-board charger to transfer power at unity power factor
as shown in Figure 7.
b. Grid to Vehicle
To transfer power from the grid to the vehicle the reference angle is changed its sign. Figure 9
shows the power transfer from the grid to the vehicle at unity power factor. The magnitude of
current is accurately tracked to be 9.56 A which is the already set value.
c. Challenges of the Ideal Bidirectional Converter
The ideal bidirectional converter cannot be used directly into the system due to harmonics that
are always present in the system and therefore, a closed loop DQ-PI controller based is
developed in this research work.
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DQ-PI Based Current Controller

The use of DQ axis transformation is very significant in transforming time varying quantities
into DC quantities which is equally important in ensuring zero steady state error. Contrary, the
use of the stationary reference signal is challenged with difficulty in tracking the time varying
signals which results into failure in attaining zero steady state error and poor disturbance
rejection (Kesler et. al. 2014). Again, with DQ axes active and reactive power can be controlled
by using two PI controllers in each axis, however for this purpose reactive power is maintained
be zero. Equations (8) and (9) provide active and reactive power of the system. However, by
orienting the defined system parameters into α-axis and generating virtual β-axis component
by delaying the α-axis component by 90º and through using angle Ɵ which is determined by
the PLL (Colombage, 2015, Kesler et. al. 2014), the transformation of αβ quantities into DQ
can be affected through transformation matrix given by equation (5). Therefore, equations (4)
and (5) summarizes the defined αβ parameters and their substitution into power equations
which confirms that, by maintaining
, the reactive power can be controlled to be zero and
only active power can be transferred which is the prime requirement of the on-board charger
of an EV.

I  I sin

(4)

I  I cos

(5)

The αβ quantities can be transformed by the following transformation matrix
 I d   cos 
 
I 
 q    sin 

(6)

sin    I  
 
cos    I  

Therefore, through substitution of the equations (4) and equation (5) into matrix equation (6),
the resulting DQ parameters which shows the orientation of system parameters into q-axis is
given by matrix equation (7).
(7)

 Id   0 
  
I 
 q    1

The reactive and active powers are given by (Jiang et. al. 2014, Tran et. al. 2017);

P  0.5(V I   V I  )

(8)

Q  0.5(V I   V I  )

(9)

Therefore, the defined αβ quantities can be substituted into power equations and the following
results can be achieved

P  0.5( I sin   V sin   V cos    I cos  )  0.5VI

(10)

Q  0 .5( I sin   V cos   (V sin    I cos  ))  0

(11)
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Therefore, by maintaining
, the reactive power can be controlled to be zero and only
active power can be transferred.
Generally, the controller works by transforming the measured grid voltage and current into D
and Q values by using matrix equation (5). Then transformed values are compared with the set
reference values and the errors in each respective axis are fed into PI controllers where the
required voltages are generated and used as references in the PWM block. The DQ PI based
controller is summarized in Figure 10, the terms ωL and -ωL are included to provide
decoupling of the d and q axes while Vd and Vq are feed forward to improve dynamics of the
controller (Wang et. al. 2017, Colombage, 2015). Figure 11 provides the block diagram of the
closed loop bidirectional controller for an on-board charger capable of engaging in V2G
application.

Figure 10: A bidirectional on-board controller for V2G application

Figure 11 (a): Step response of the closed Figure 11 (b): Bode plot of the closed loop
loop system
system for stability analysis
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PI controllers

The PI controllers included in Figure 10 include anti wind up scheme and overmodulation
protection. The gains of the PI controllers have been selected from the step response of the
closed loop transfer function of the system. The Proportional gain, KP is set at 5 to achieve fast
response of less than 2.7 ms (Colombage, 2015) and the integral gain, K I is iteratively set at 40
to minimize the steady state oscillations. Figure 11 (a) is the unit step response of the system
while Figure 12 (b) portrays the bode plot of the closed loop system which describes the system
to be stable.
5.8

PWM block

The unipolar SPWM modulation strategy is utilized in this paper. In that context, a required
control signal needs to have appropriated phase angle and modulation index. However, the
fundamental of power transfer between the converter and the grid depends on the phase angle
(angle δ) between the two sources (EV batteries and the grid). Therefore, in this study angle
(δ) is determined by the voltages generated from the PI controllers, and the total phase angle
of the control signal is evaluated as sum of the angle (δ) and instantaneous angle determined
by the PLL, as given in equation (12-13). Whereas the modulation index is determined by
taking the required RMS reference current and project it to the impedance between the grid and
full bridge converter and make its evaluation considering the grid voltage as in power triangle
in Figure 1.
Vd
)
Vq

(12)

m  sin(   )

(13)

  arctan(
Therefore, the control signal is given as

6

RESULTS AND EVALUATION

The purpose of this project is to be able to charge and discharge the EV batteries from and to
the grid respectively. Therefore, the designed controller is developed in MATLAB/Simulink
package and simulated so as to ascertain the objectives.
6.1

Vehicle to Grid (V2G)

The system is simulated such that the expected RMS current into the system is 9.6 A
(Maximum current as per specifications (Colombage, 2015)) at RMS voltage of 230 V. The
controller proves the ability to discharge to the grid at the required current and voltage with the
required harmonic content as per IEEE standards. Figure 13 shows the output voltage of the
DC/AC full bridge converter, the unipolar modulation strategy is used to obtain such shape due
to less harmonic production under this modulation strategy. Figure 13 shows the output voltage
of the converter and the grid current on the same axis such that there are on phase which is the
prime requirement of the on board EV charger, the magnitude of each is 9.6 A and 230 V
respectively. Moreover, the FFT analysis of the output current shows that Total Harmonic
Distortion (TDH) is 3% which is less than 5% as specified in (IEEE 2014). Figure 15 shows
how the controller manages to track the reference RMS current with minimal oscillations.
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Figure 12: DC current from the EV
batteries during V2G

Figure 13: Full bridge DC/AC output
voltage during V2G under Unipolar
SPWM

Figure 14: On phase grid current and
voltage during vehicle to grid simulation

Figure 15: Convergence of the measure
RMS grid current into reference RMS
current

Grid to Vehicle (G2V)

The controller is then checked its ability to charge the batteries during G2V, the current and
voltage are set as in V2G however the reference angle in PWM is changed it sign. Figure 17
shows the grid current and voltage on same axis which are out of phase by 180, that is, power
factor of the system is unity as per requirement during charging of the EV batteries. Figure 16
shows the DC current charging the batteries which is contrary to Figure 13, during V2G.
Moreover, Figure 18 shows the comparative convergence of the RMS set reference current and
the measured RMS current, which shows the ability of the controller to track the reference
current.
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Figure 17: On phase grid current and
voltage during G2V

Figure 18: Convergence of the measure
RMS grid current into reference RMS
current during G2V
7

CONCLUSION

The on-board bidirectional charger capable of participating in V2G technology has been
designed and tested by simulation in MATLAB/Simulink package where its ability to charge
and discharge EV batteries was verified. The LCL filter is designed to meet maximum power
transfer and required harmonic content for the power injected into the grid which is one of the
prime requirements for the grid tied systems participating in V2G. Moreover, the controller has
been designed and proved to inject power at the unity power factor. Generally, the designed
system/charger is suitable for low cost applications where benefits such as EVs application in
grid stabilization through provision of ancillary services such as peak load shaving, load
levelling, reactive power support, voltage regulation and spinning reserve can be attained. The
system can further be improved to be utilized in any situations such as frequency regulation in
Microgrids where batteries can be charged and discharged, particularly in remote areas which
are contemporary situation in many African countries.
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ABSTRACT
Cement production processes involves bulks of complex physio-chemical and thermo-chemical
reactions such as comminution; combustion; calcination; heating; cooling; mixing; and separation
of solids including fluids. The reactions which also takes place in a complex energy system are the
source of the internal irreversibility and have a decisive influence on energy consumption,
environmental degradation and the cost of cement production. The energy cost represents 40 % to
60% of production costs. Moreover, it contributes to around 5% to 8% of all man-made CO 2
emissions. The study investigated thermal performance of cement industry. Mbeya Cement
Company (MCC) in Tanzania is used as a case study. Exergy analysis is one of the emerging
powerful method for performance evaluation of cement energy systems and processes.
Nonetheless, applying an exergy-based method manually to such complex energy systems and
reactions is very difficult and inconvenient. Thus, the study proposes computer-aided exergy-based
method for simplifying the evaluation. The model was successfully developed, validated using real
plant data and was used to predict the performance of the cement dry Rotary Kiln System (RKS)
production processes. Obtained information from modelling and simulation were then used to
evaluate the performance of processes, individual components, sub-systems and the RKS at large
using exergy-based method. The approach simplifies the work of analyses and sheds more insights
of real processes, source and type of irreversibility, its magnitudes and its remedies. Exergetic
analyse results for the RKS obtained are similar to other published data. The study uncovered that
the exergy efficiency of the RKS, rotary kiln and clinker cooler are 33 %, 14 % and 41.11%
respectively. The highest source of irreversibility included chemical reactions, especially
calcination and clinker burning processes with exergy destruction of 2,813.75 kJkgcl1 and
1,148.17 kJkgcl1 respectively.
KEYWORDS: Cement Kiln; Modelling; Simulation; Exergy analysis; Environment
1. INTRODUCTION
Cement production processes involve complex chemical and physical reactions during conversion
of raw materials to final product. Moreover, clinker burning process which has a decisive influence
on energy consumption and the cost of cement production, involves combustion reaction of fossil
fuel and complex heat exchange between solids from raw materials and hot combustion gases
(Borsuk et al., 2016) and (Borsuk, Wydrych and Dobrowolski, 2016). It also involves mixing, as
well as separation of solid and fluids at various compositions, temperatures and pressures. The
reactions are the major source of internal irreversibility in Rotary Kiln System (RKS) and
environmental degradation. Moreover, these internal source of irreversibility cannot be identified
by using first laws of thermodynamic alone. Therefore, exergy based method which applies second
law of thermodynamics is very applicable under such situation. However, applying exergy based

THE TANZANIA ENGINEER

15

VOL. 18 NO. 1, DECEMBER 2021

JOURNAL OF THE INSTITUTION OF ENGINEERS TANZANIA

ISSN: 0856 – 0196

method for RKS which involves complex system and processes is very difficult and brings
inaccurate results.
Numerous studies have evaluated exergy and environmental performance of the cement
manufacturing plants worldwide. Farag and Taghian (2015), investigated the energy and exergy
performance of five Egyptians cement plants where, according to them, the exergy efficiency
varied between 26.8 % and 35.6% respectively. Adeniran et al (2018) evaluated thermal and
environmental performance of the cement production plant, whereby, exergy efficiency of the RKS
was 27.35%, physical and chemical exergy output obtained were 9.07×10 7 and 1.46×108 kJ/h,
respectively. Folorunso and Diji (2019), estimated the overall energetic and exergetic efficiencies
of RKS at 56.5% and 42.2% respectively. Ghoudi et al (2019), analysed the RKS and reported the
energy and exergy efficiency of the unit as 64% and 59% respectively. Comparative energy and
exergy analysis for the utilization of alternative fuels in the RKS was done by Zandieh et al (2020).
Song et al (2019), revealed that, the clinker calcination section has the highest exergy loss rate,
followed by the waste gas treatment section. Fellaou and Bounahmidi (2018), indicated that major
internal exergy losses take place in the calcination process and the calciner had avoidable exergy
destruction amounting to 15%. However, exergy analysis carried out in most of these studies were
manually done. Therefore, following volume, intricacy in chemical reactions and processes which
contribute to the inefficiency energy use and emissions in cement kiln systems, there is a strong
need to use computer aided modelling to simplify the work of exergetic analyses.
Bearing in mind the nature of cement production, specific needs and purpose of conceptual process
design and research experience from other authors (Rahman et al., 2014), (Kääntee et al., 2004),
(Zhang et al., 2011), (Rahman et al., 2013), (Kääntee et al., 2003) and (Hökfors, 2014), Aspen Plus
software is identified as the most suitable tool for flow sheeting modelling and simulation of
cement plants. For that reason, in this study the Aspen Plus software is used for modelling and
simulation of MCC plant, focusing on the clinker chemistry and thermodynamics in RKS.
Nevertheless, there are several models in cement production processes for the purpose of studying
use of alternative fuels (Kääntee et al., 2004), (Rahman et al., 2013) and (Kääntee et al., 2003);
phase chemistry (Hökfors, 2014); Oxidation Process of Coal Tar Pitch (Xie et all., 2019); cement
raw materials blending process (Li et al., 2012); reduction of CO2 (Miculcic et al., 2012);
sensitivity analysis of a model used for design of Rotary Kiln processes (Thomas et al., 2019); and
a nonlinear model predictive control (Wurzinger et al., 2019). Unfortunately, majority of these
models are based on the first law of thermodynamics alone, thereby, giving no insights to
minimizations of irreversibility due to chemical reactions. Therefore, the current study provides a
model that deals specifically with the optimization of energy use in cement production processes
using exergy-based method (John, 2016).
The rest of the paper is organized as follows: Section 2 Presents methodology. The whole
production process in the cement plant Mbeya Cement Company Limited (MCC) is described in
Section 2.1. The process is illustrated by simplified block flow diagram where the most important
technological operations are presented as the interrelated subsystems. In section 2.2 key issues
related to the modelling of RKS in Aspen Plus software are presented and discussed. Section 2.3
reports the simulation results and validation while 3 presents Exergetic Analyses Study Results
and discussion of the Kiln System Using the Model with respect to the key material and
thermodynamic parameters in RKS. The last section is devoted to the general conclusion of
research presented in this paper and directions for the future work.
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2. METHODOLOGY
This section presents methods used to analyse the MCC four-stage preheater dry rotary kiln system
with planetary cooler. The necessary data for modelling and simulation of the RKS were obtained
either from the daily operational measurements and laboratory analyses, or from the plant
automatic control system data base and they have been roughly classified into two types: (i) System
data that included types and performance of process equipment in the plant; and (ii) Operation data
that included the various parameters of every day operation, such as rotation of rotary kiln, rated
power, temperature and pressure profiles along RKS, electrical power consumption, chemical
analysis of raw meals, coal, ash, dust, and produced clinker.
The kiln system was divided into three major parts according to their functions in the real process
of cement production, namely: Rotary kiln, preheater tower and clinker cooler. The kiln system
boundary and the three sub-systems boundaries are presented in Figure 2. All calculations for
exergy analysis are based on per kilogramme clinker produced. Mass and energy balances, were
calculated using the simulator (John, 2016). The thermodynamic data and phase behaviour of the
material stream in consideration were obtained from simulation [Table 2]. Chemical exergy of
process components was evaluated using reference environment model defined by Moris and
Szagut (1986) that is presented in Table 1. The ambient temperature and pressure considered for
this study are 28 C and 0.8673 bar respectively.
Table 1: Standard specific chemical exergy (Moris and Szagut, 1986).
Species

ēCH / kJkmol1

Species

ēCH / kJkmol1

Al2O3 (s, α)

200,400

CaSO4 (s, α)

8,200

Al2O3.SiO2 (s)

15,400

Fe2O3 (s)

16,500

CO (g)

275,100

H2 (g)

236,100

CO2 (g)

19,870

H2O (l)

900

CaCO3 (s)

1,000

H2O (g)

9,490

CaCO3.MgCO3 (s)

15,100

K2O (s)

413,100

CaO (s)

101,200

MgO (s)

66,800

CaO.Al2O3 (s)

275,400

MgCO3 (s)

37,900

2CaO.Al2O3 (s)

460,400

N2 (g)

690

3CaO.Al2O3 (s)

500,600

O2 (g)

3,970

CaO.SiO2 (s)

23,600

Na2O (s)

296,200

2CaO.SiO2 (s, β)

95,700

SO2 (g)

313,400

3CaO.SiO2 (s)

219,800

SiO2 (s)

1,900

CaS

844,600

Fe2O3.SiO2

18,400

4CaO.Al2O3.Fe2O3

667,000

NO2

55,600

S (s)

609,600

NO

88,900

The chemical exergy of ideal gas mixtures and pure multicomponent streams was calculated using
Eq. 2.8 and Eq. 2.9 respectively. Streams components mole flow used for calculation of chemical
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exergies were obtained from simulation. Thus, the chemical exergy rates presented in Table 2 were
obtained by multiplying the mole flow [kmoleh1] of each component from respective streams,
with standard chemical exergy from Table 1 in [kJkmol1]. To obtain exergy in [kJkgcl1], results
attained in [kJs1] were divided by a factor of 9.87 [kgs1] obtained from stream 8, which is the
clinker produced per hour. The calculated chemical exergy including enthalpy rate, mass flow and
physical exergy obtained directly from simulation are presented in Table 2. Chemical exergy of
coal fuel was calculated using Eq. 2.7. and presented in Table 2 (streams 2 and 3). Coal was
decomposed into its combustible elements as indicated in stream 3. Consequently, chemical
exergies for reactants were obtained from streams 3, 4 and 10, while for product, were obtained
from combustion product (stream 33 and 25), all presented in Table 2. The change of Gibbs
function values was obtained from simulation.
2.1

Description of MCC Cement Production Processes

Simplified Block Flow Diagram (BFD) of MCC plant with focus on RKS is presented in Figure
1. Raw material (rm) from the raw meal (RM) is injected to the preheater cyclone (PH) in counter
current with the Hot flue gases (Hfg), originating from combustion of mostly coal fuel at the lower
end of the rotary kiln. The rm is preheated and removal of contained moisture takes place. The
preheated rm is then calcined and burned in the Rotary Kiln (RK) thereby forming the clinker. The
formed clinker is then cooled in the clinker cooler. The cooled linker is then grinded with additives
such as pozzolana and gypsum in CM to form cement as a final product. The Hfg leaving the upper
end of the PH, is used for preheating rm in RM, fuel in FP or it is cleaned in EGCL before being
emitted to the environment.
2.2

Modelling and simulation of RKS

The flow sheet of research object, created by Aspen Plus software is presented in Figure 2.
Simulation model was considered as a steady state control volume system with steady flow
processes that operate in direct mode.
Simulation of kiln system in this study considered the following chemical reactions for processes
of clinker formation:
CaCO3 → CaO +O2

(2.1)

2CaO + SiO2 → 2CaO.SiO2

(2.2)

2CaO.SiO2 + CaO → 3CaO.SiO2

(2.3)

3CaO + Al2O3 → 3CaO.Al2O3

(2.4)

4CaO + Al2O3 + Fe2O3 → 4CaO.Al2O3.Fe2O3

(2.5)
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Figure 1: Simplified block flow diagram (BFD) of MCC plant (John, 2020)
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Figure 2: Flow sheet of RKS created by Aspen Plus software (John, 2020)
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The fuel specific heat energy consumption is calculated using the equation:
𝑞=

̇ ⋅

(2.6)

̇ cl

Where q[kJkg1] is specific heat energy consumption, HHV [kJkg1] encompass fuel higher
heating values, ṁf [kgs1] is fuel flow rate and ṁcl [kgs1] is clinker flow rate.
The chemical exergy of the fuel can be calculated from the following equation:
𝑒̄ CH = −𝛥𝐺 + ∑ 𝑛 ⋅ 𝑒̄ CH − ∑ 𝑛 ⋅ 𝑒̄ CH
(2.7)
Whereby, ∆G [kJ] is the change in Gibbs function for reaction, regarding each substance as
separate at temperature T0 [K] and pressure p0 [Pa]. The terms in curly brackets correspond to
terms in curly brackets of Eq. 2.7, evaluated using known standard chemical exergies together with
the n’s giving moles of the reactants and products per mole of the substance, whose chemical
exergy is being evaluated.
Cement production processes in the kiln system involve flow of solids and mixture of gases at
various temperature and pressure profiles. The process also involves physiochemical reactions of
various types. In due regard, chemical exergy of an ideal mixture of N ideal gases is given by:
CH
𝑒̄MIG
=∑

𝑥 ⋅ 𝑒̄ CH + 𝑅 ⋅ 𝑇 ∑

(2.8)

𝑥 ⋅ 𝑙𝑛(𝑥 )

The chemical exergy of multicomponent material stream is given by:
(2.9)

𝑒̄ CH = 𝐿 𝛴 𝑥0, ⋅ 𝑒̄ CH,ol + 𝑉 𝛴 𝑦0, ⋅ 𝑒̄ CH,ov

whereby Lo [kmoles1] and Vo [kmoles1] represent liquid and vapor phase flow of n components
in a stream, respectively. Then, ēCH,ol [kJkmole1] and ēCH,ov [kJkmole1] stand for standard
chemical exergy of the liquid and gaseous phase components, respectively, while x0,i [] and y0,i
[] stand for mole fractions of the i-th component of specified stream. Eq. 2.9 can be extended to
include solid phase flow of n components in a stream respectively.
2.3

Validation of Simulation Results

Validation of the model results was done by comparing the model and real plant data. In general
simulation results were in good agreement with real plant data from MCC as summarized in Figure
3. Figure 3 indicates that clinker produced by the model is slightly higher (stream m 8). This is
probably due to improved clinker burning temperature in the model compared to the plant (stream
T24). There is also, slight deviation (3.5%) of the model secondary temperature (stream T 10) when
compared to plant data. This could be due to minimum heat exchanger model temperature
difference set during simulation. Further validation was done using parametric studies whereby
the model parameters changes was found to behave similar as the real plant (John, 2020).
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Figure 3: Validation of results obtained by simulation of RKS in Aspen Plus software (John,
2020)
2.4

Exergy of Fuel and Product Definitions for the Kiln System

With the intention of calculating the overall exergy efficiency of the kiln system, exergy of fuel
and product for the overall system were defined as:
𝑒̇F,SYS = (𝑒̇2 + 𝑒̇1 + 𝑒̇16 + 𝑒̇15 ) and 𝑒̇P, SYS =𝑒̇8 respectively

(2.10)

Nevertheless, the exergy destructions for the overall system are obtained by detracting the sum of
exergy of input streams from the sum of exergy of output streams.
𝑒̇D,SYS = 𝑒̇ ,SYS − 𝑒̇

,SYS

= (𝑒̇2 + 𝑒̇1 + 𝑒̇16 + 𝑒̇15 ) − (𝑒̇8 + 𝑒̇18 )

(2.11)

Overall exergy loss of the kiln system is given by;
𝜀SYS =

̇ P,SyS

(2.12)

̇ F,SyS
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Equating the sum of exergy inputs and outputs of the streams gives exergy destruction of the rotary
kiln. Nonetheless, the exergy definitions of fuels and products were also defined so as to calculate
the rational efficiency for the rotary kiln.
𝑒̇D,RTK = 𝑒̇i,RTK − 𝑒̇e,RTK = (𝑒̇10 + 𝑒̇2 + 𝑒̇16 + 𝑒̇11 ) − (𝑒̇12 + 𝑒̇13 )

(2.13)

𝑒̇F,RTK = (𝑒̇10 + 𝑒̇2 + 𝑒̇16 ) and 𝑒̇P,RTK = (𝑒̇12 − 𝑒̇11 )

(2.14)

Considering the preheater tower as a heat exchanger, the exergy of fuel and product as well as
exergy destruction were calculated as follows:
𝑒̇F,PHT = 𝑒̇13 − 𝑒̇14

(2.15)

𝑒̇P,PHT = 𝑒̇11 − 𝑒̇1

(2.16)

𝑒̇D,PHT = 𝑒̇F,PHT − 𝑒̇P,PHT = (𝑒̇13 − 𝑒̇18 ) − (𝑒̇11 − 𝑒̇1 )

(2.17)

The planetary clinker cooler was modelled as cross flow heat exchanger. Thus, exergy of the fuel
and product as well as exergy destruction was defined as:
𝑒̇F,PLC = 𝑒̇12 − 𝑒̇8

(2.18)

𝑒̇P,PLC = 𝑒̇10 − 𝑒̇15

(2.19)

𝑒̇D,PLC = 𝑒̇F,PLC − 𝑒̇P,PLC = (𝑒̇12 − 𝑒̇8 ) − (𝑒̇10 − 𝑒̇15 )

(2.20)

The planetary cooler wall loss was estimated as:
(2.21)

𝑒̇L,WALL-LOS = 𝑒̇9 − 𝑒̇8

The exergy of fuel and product as well as exergy destruction calculations results for each individual
component are presented in Figure 4. Detailed calculations are presented in (John, 2016).
WALL-LOSS: This component is treated as dissipative component.
⋅

(2.22)

𝑒̇D,WALL-LOSS = 𝑒̇ − 𝑒̇ = 𝑒̇9 − 𝑒̇8

The exergy of the fuel and product as well as exergy destruction were calculated based on the heat
exchanger model:
(2.23)

𝑒̇D,GASCOOL = 𝑒̇17 − 𝑒̇18
Combustion of coal in a rotary kiln were calculated using the following equation:
𝑒̇D,BURN = 𝑒̇F,BURN − 𝑒̇P, BURN`
𝑒̇D,BURN =

CH
CH
CH
𝑒̇2CH + 𝑒̇10+16
− 𝑒̇24
+ 𝑒̇25
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PH
PH
− 𝑒̇24
+ 𝑒̇25
− 𝑒̇2PH + 𝑒̇10+16

23

(2.24)
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Clinker burning in a rotary kiln was calculated using the following equation;
𝑒̇D, BURNING =

(2.25)

𝑒̇F, BURNING − 𝑒̇P, BURNING = (𝑒̇24 − 𝑒̇25 − 𝑒̇28 ) − (𝑒̇12 − 𝑒̇27 )

The exergy destruction as well as fuel and product due to calcination reaction was calculated as:
𝑒̇D, CALCINAT =

𝑒̇F, CALCINAT − 𝑒̇P, CALCINAT = (𝑒̇11 + 𝑒̇31 ) − [𝑒̇32 − (𝑒̇29 + 𝑒̇13 )]

(2.26)

The 4-stage preheater cyclones consist of five cyclones. In the simulated model, the cyclones were
presented using two components, a mixer followed by a cyclone so as to model properly the
function of a real cyclone in the cement production. For proper definitions of exergy of fuel and
products, the mixers are considered as heat exchangers with mixing (Tsatsaronis, 1993). Thus, the
exergy of fuel and products as well as exergy destruction were calculated according to method
presented in (John, 2016).

3. EXERGY ANALYSES, RESULTS AND DISCUSSION
Table 2: Simulated results for mass and exergy flow rates of main process streams.
Stream
number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Description
Raw feed
Dry coal
Inburner
Air
Air
Exhaust gas
Solid out
Clinker2
Clinker1
Air (hot)
PH4 solid
KLN1 solid
PH5 gas
S1 (PHT
Exh.)
S2 (In
cooler)
S3(Primary
air)
S4
(Exh.cooler)
Exhaust gas
PH3 solid
PH3 gas

ṁ / kgh1
58,000
4,158
4,158
11,438
33,712
68,244
3,536
35,528
35,528
33,712
40,324
35,528
54,103
71,780

h/
kJkgcl1
12,664
579
135
1
3
8,058
1,225
12,324
11,806
748
12,909
11,060
3,054
8,759

0
0
0
0
0
4,811
14
472
3,767
3,764
4,936
9637
8,961
2,444

ĖCH /
kW
0
34,598
32,172
0
0
2,963
116
10,911
10,911
0
10,097
10,799
22,127
3,026

33,712

2

42

0

11,438

1

43

0

71,780

9,270

3,811

3,026

71,780
71,345
91,071

9,283
23,379
14,296

3,724
7,600
9,873

3,016
2,345
3,886
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ĖPH / kW

24

T / C

p / bar

28
28
29
29
29
139
139
245
787
772
836
1450
958

0.8673
0.8673
0.8673
0.8673
0.8673
0.0255
0.0255
0.8673
0.8673
0.8500
0.8579
0.8673
0.8526

389

0.8170

27

0.8500

27

0.8500

145

0.0500

139
739
739

0.0465
0.8475
0.8478

ėtot / kJkgcl1
0
3,505
3,260
0
0
788
13
1,153
1,487
381
1,523
2,071
3,150
554
4
4
693
683
1,008
1,394
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22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

PH3 feed
PH4 feed
PH4 gas
Combustion
gases
Ash product
Product2
KLN2 solid
KLN1 gas
KLN3 solid
Product3
KLN2 gas
Product4
Product1
PH2 solid
PH2 gas
PH2 feed
PHS1 solid
PH1N solid
PH1S gas
PH1N gas
PH1S feed
PH1N feed
PH1feed
PH gas

ISSN: 0856 – 0196

16,242
125,448
85,124
48,452

37,675
24,481
11,572
563.30

17,479
16,130
11,189
25,505

7,103
43,207
13,207
3,467

739
836
836

0.8514
0.8610
0.8579

2128

0.8673

856
83,980
34,672
48,452
34,672
83,124
48,452
88,775
48,452
77,292
80,929
158,221
33,576
33,574
35,889
35,891
69,465
69,465
138,930
71,780

229.31
11,974
10,972
914
10,871
12,252
1,281
13,925
563
25,670
11,329
36,999
11,366
11,366
4,345
4,346
15,711
15,711
31,422
8,827

682
24,558
7,649
14,920
5,036
19,660
12,011
13,998
25,505
5,934
6,369
12,315
1,276
1,276
1,396
1,396
2,685
2,685
5,369
2,975

172
11,843
10,216
1,001
13,671
11,843
969
36,039
3,466
2,539
3,313
6,133
1,103
1,102
1,513
1,513
2,639
2,639
5,279
3,026

2128
1450
1250
1450
958
1250
1250
958
2128
610
610
610
410
410
410
410
410
410
410
410

0.8673
0.8673
0.8673
0.8673
0.8526
0.8673
0.8673
0.8673
0.8673
0.8315
0.8315
0.8390
0.8056
0.8056
0.8056
0.8056
0.8195
0.8195
0.8195
0.6041

2,491
6,012
2,472
2,935
87
3,688
1,810
1,613
1,895
3,200
1,315
5,070
2,935
858
981
1,869
241
241
295
295
539
539
1,079
608

Thermodynamic data obtained from simulation and chemical exergy calculation are presented in
Table 2. Results in Table 2 indicates that, chemical exergy dominates overall clinker formation
exergy (streams 9 and 8) respectively. Their chemical exergy amounts to 10,912 kW, with their
respective physical exergy of 472 kW and 3,766 kW. These are expected results since most of the
clinker formation exergy originates from chemical reactions. The results are in good agreement
with published data indicating that the model is reliable. The results indicate further that, compared
to chemical exergy, physical exergy contributes significantly to total exergy released with
combustion gases. Their values are 3,466 kW and 25,505 kW respectively. Such results support
the theory that the main objective of combustion process is to convert the chemical exergy of input
streams (fuel and oxidant chemical exergy), into physical exergy (Tsatsaronis et al., 2013).
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ĖL,tot (kJ/kgcli)

4,500.00
4,000.00
3,500.00
3,000.00
2,500.00
2,000.00
1,500.00
1,000.00
500.00
0.00

Figure 4: Exergetic analysis results for exergy of Fuel, Destructions and Loss of overall system,
sub-systems and processes.
Findings presented in Figure 4 suggest that the rotary kiln has the highest exergy consumption rate
among other kiln sub-systems. Additionally, the results uncovered that from exergetic point of
view, rotary kiln has the highest irreversibility compared to other kiln sub-systems whereby
Calcination process consumes the major part of the exergy input. The results are in good agreement
with most literatures that utmost heat energy generated from kiln burner combustion process
(major source of internal irreversibility) is used for calcination. Furthermore, the findings indicate
that calcination reaction destroys exergy the most, followed by clinker burning process reactions
and combustion process, with exergy destruction amounting to ėD,K = 2,813.75 kJkgcl1, 1,148.17
kJkgcl1 and 623.42 kJkgcl1 respectively. The rate of exergy destruction by chemical reactions
during combustion can be reduced if the flame temperature is kept high with less temperature
gradient in the combustor. The latter can be achieved by air preheating. Thus, heat recuperation
from clinker cooler is very important for improving combustion efficiency in the kiln burner and
is among the major controlling parameter for kiln system thermal performance (ICR, 2005). The
reasons for higher exergy destructions in the clinker burning reactions could be due to heat
exchange between finite temperature differences of gases T24 = 2128 C and solids entering the
burning zone at T27 = 1250 C. Other reasons for high irreversibility in the clinker burning
processes could be mixing of hot gases and solid materials at different compositions as well as
temperatures. Furthermore, chemical reactions for formation of intermediate and major clinker
compounds could be the major cause of irreversibility. Findings suggest that the major causes of
irreversibility in the clinker cooler were exergy loss with outlet cooled clinker to the environment
at temperatures higher than that of the environment (245 C), exergy destruction due to heat
exchange between cold secondary air and hot clinker from the rotary kiln and exergy loss with
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heat transfer through the cooler wall to the environment. Moreover, Figure 4 indicates that a
significant amount of exergy was lost with the preheater exit flue gases and dusts ėL = 608.06
kJkgcl. Irreversibility of the RKS is remarkably high (1,752 kJkgcl1) representing about 49.9 %
of the system fuel exergy. Published data from similar studies for example Farag and Taghian
(2015), found that irreversibility of RKS ranges from 1,652 kJkgcl1 to 2396.4 kJkgcl1 which
represents 49.6 % to 53.3 % of the total exergy input. The major causes of irreversibility in the
RKS are chemical reactions of raw materials and combustion processes taking place in the rotary
kiln sub-systems, exergy loss with exit flue gases, preheater cyclones and exergy destruction in
the clinker cooler.

78.71

14.07

41.11 Exergetic eficiencies εk (%)
32.82
57.06

66.57

79.32

57.11
56.58

87.98
99.11

69.94

77.73

64.63

23.66

28.95
22.48
ID-FAN
BELITE
MIXPH2
Preheater

B-FAN
COOLER
MIXPH3
Cooler

P-AIRFAN
WALL-LOSS
GASCOOL
Overall SYS

C-AIRFAN
BURN
Sub-systems

CALCINAT
BURNING
Rotary kiln

Figure 5: Exergetic analysis results for efficiencies of overall system, sub-systems and
processes.
The results presented in Figure 5 indicates that the rotary kiln has poorest performance among
other RKS sub-systems with exergetic efficiency amounting to 14.1 % which is in good agreement
with results found in most literatures. The results indicate further that, clinker cooler and preheater
tower have 41.1 % and 59.9 % exergetic efficiency respectively, slightly contrary to most studies
in literature. The slight deviation of the result is probably due to different types of clinker coolers
and preheater towers investigated i.e. grate and rotary coolers as well as their capacities and
preheater tower with pre calciner. In the current study, the planetary clinker cooler which have the
poorest efficiency compared to other type and a four-stage preheater tower without pre calciner
was investigated. The findings suggest that overall exergetic efficiency of the RKS is 32.8 %.
Generally, values of exergetic efficiencies for RKS found in literature range between 8 % to 65 %.
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4. CONCLUSIONS
The current study evaluated performance of energy use in cement industries, using both the first
and second laws of thermodynamics. The research considered exergy analyses complemented by
computer-aided simulation using Aspen Plus simulation software so as to quantify performance of
cement RKS and its major component including its processes. The study resulted into development
of a steady state simulation model, that were validated against real plant data and used to evaluate
the RKS performance. The study results suggest that Computer-Aided Exergetic Analysis
approach could simplify evaluation of complex cement production processes. With this approach,
it is possible to determine the type of imperfection (exergy destructions and exergy losses), its
location as well as magnitudes.
5. RECOMMENDATIONS AND FUTURE WORK
Further development of the model could be thought to have a comprehensive rigorous model which
includes other cement production processes units such as raw mill, coal mill preparation unit as
well as cement grinding. The model can be extended to study use of alternative fuels relative to
exergetic performance of the plant.
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ABSTRACT
This study was conducted to investigate the spatio-temporal changes of land use /land cover
(LULC) in Mbeya City, over a 20-year period using an integration of remote sensing and
Geographic Information Systems techniques. Landsat images of the years 2000, 2010 and 2020
were processed and analysed to assess changes in the built-up areas and other land uses. It was
observed that for the period 2000–2020 the vegetation, hilly and bare land areas had decreased
by 2.86% and 8.91%, respectively. During this period, the built up areas increased by 157.18%.
The analysis revealed that urbanization has mostly occurred through infilling and extension.
The impact of the observed land use change on flooding potential will be investigated through
hydrologic model simulations in the next phase of this work.
Keywords: urbanization, Landsat images, built areas, modified drainage
1.

INTRODUCTION

The world’s population of people living in the cities is estimated to be 10% at the end of the
18th century will shoot to three quarters of the human population by the end of 21st century
(Angel et al., 2016.). The increase of population in developing countries’ cities is expected to
be about 18 times more than that in developed countries. Consequently, cities need to expand
so as accommodate this population (Zope et al., 2016, Noori et al., 2016). Cities are normally
defined by their geographical extent following the Roman tradition of defining a city by the
edge of its built-up area. In this context, urban expansion can be defined as increase in the built
up areas.
Expansion of cities, also known as urban expansion in less developed countries occur in an
unplanned and disorderly manner, disregarding municipal plans or regulations if at all exists
hence making them less productive, less inclusive, and less sustainable. Among the major
issues with this haphazard urban expansion is insufficient land allocated to roads and other
services resulting into congestion and inaccessibility, modified run-off characteristics that
contribute to increasing incidences of flooding (Angel et al., 2016, Zope et al., 2016, Noori et
al., 2016 and Kumar et al., 2013), and lack of urban drainage system and open spaces (Kumar
et al., 2013). Therefore, studies in urban expansion are important for foreseeing and forecasting
areas of future urban expansion and anticipated issues.
Since the launch of landsat satellites in 1970s, landsat images have provided a valuable tool for
assessment of land use land cover (LULC) change (Zope et al., 2016, Hussein et al., 2020 and
Forget et al., 2021), including urban expansion (Forget et al., 2021), with improved coverage
and quality (Forget et al., 2021 and Justice et al., 2015). LULC change studies are important in
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managing natural resources and monitoring environmental changes (Zope et al., 2016). In
addition, they help policy makers to identify priorities, as well as make informed decisions.
Mbeya City is among the fast growing cities of Africa located in southern highlands of
Tanzania (Forget et al., 2021), (Fang et al., 2019). Its population was projected to change from
385,279 in 2012 census to estimated 665,390 in 2015 (Forget et al., 2021 and URT, 2017).
Using landsat images and Arcmap software, this study established the physical extents of urban
areas of Mbeya City, and how they are changing over time for three years i.e.; 2000, 2010 and
2020. This is in support of the implementation, follow-up, and review of the city-related
Sustainable Development Goals, and will enable authorities to foresee areas for future
expansion and prevent their encroachment before it occurs.
On the other hand, urbanization, LULC and urban drainage forms a complex interconnected
phenomenon (Zope et al., 2016, Noori et al., 2016 and Kumar et al., 2013). Urban growth
results into change in LULC which modifies the urban hydrologic system (Kumar et al., 2013),
causing further changes in LULC. The modified hydrologic system often results into increase
in peak discharge and total run-off (Zope et al., 2016), phenomenon which are thought to be
responsible for the increased flood frequencies in Mbeya city.
2.

MATERIALS AND METHODS

The Mbeya City with an area of 253 km2, is an economic hub/ business centre for the southern
zone, facilitating both national and international trade with Southern Africa countries such
Zambia, Malawi, Democratic Republic of Congo (DRC) and Mozambique. Economic
activities in Mbeya Region includes agriculture, livestock and bee keeping, mining and tourism
(URT, 2017). The Region is third in contributing to Tanzania’s GDP after Dar es Salaam and
Mwanza, contributing about 7.44% of the National GDP. Mbeya Region relies heavily on
agriculture for livelihood as well as economy, with agriculture contributing about 40 percent
of the regional economy and employing about 80 percent of the population in the region (URT,
2017). This area shown in Figure 1, is also famous for forestry products including timber, fuelwood and honey (URT, 2017). Mbeya city acts as a business centre, connecting farmers and
traders hence attracting more people into the city.

Figure 1: Map showing the position of Mbeya City within Tanzania
To investigate the LULC change of Mbeya City, different LULC cover types were delineated
from remotely sensed data. Landsat satellite (5, 7 and 8) images of spectral bands 1-8 for years
2000, 2010 and 2020 (Table 1) were obtained from the United States Geological Survey
(USGS)
Earth
Resources
Observation
and
Science
(EROS)
Center
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(https://earthexplorer.usgs.gov). Landsat scenes were acquired as Level-1 data products, thus
radiometrically calibrated and orthorectified. Images for dry period which in Mbeya is between
May and October were targeted. The images were used to produce a time series of LULC
change on a 10-year period interval. Mbeya District is covered by one tile/ scene of Landsat
(path/row 169/66). The spatial resolution of the images is 30 m except for the spectral band 8
which has a 15 m resolution.
Table 1: Landsat images included in the analysis
MONTH, YEAR

IMAGE USED

September, 2000

Landsat 5 Thematic Mapper

October, 2010

Landsat 5 Thematic Mapper

November, 2020

Landsat 8 Operational Land Imager (OLI)

ArcGIS software was used to process the satellite images for LULC change analysis. The
reliability of quantitative information of Landsat data relies on atmospheric correction (Liang
et al., 2001). The images for 2010 and 2020 were corrected by removing clouds. The images’
resolutions were improved using the pansharpen feature in ArcMap. All datasets were reprojected to WGS84/UTM Zone 36S. For LULC classification, interactive supervised
classification and visual interpretation were applied to classify the images into three LULC
categories including vegetation, bare land and built-up (urban) areas. Training classes were
selected by comparison with current google image of the area. The maximum likelihood
algorithm was employed to classify the study area into the four LULC types using the
developed training classes. To check for accuracy, ground truthing was done using some
selected points.
3.

RESULTS AND DISCUSSION

3.1

LULC Change

Landsat images for 2010 had some clouds on the edges which complicated analysis of land use
land cover change and it is therefore not included in this section. Therefore the discussion for
LULC in this section is mainly based on comparison of images for the years 2000 and 2020.
The landsat image for Mbeya city for September 2000 is given in Figure 2(a). In this image,
the dominant land cover classes are hilly and bareland followed by the vegetated land and lastly
the urban (built-up) areas (Figure 2b). The hilly and bare land cover an area of about 194 km2,
followed by vegetated land with an area of 39 km2 and finally urban (built-up) areas with an
area of 18.9 km2 (Table 2).
Table 2: Dominant Land use land cover classes for 2000 and 2020
Land use land cover
class
Hilly and bareland
Urban areas
Vegetated land
Total

2000
m2
194,122,683.89

2020
m2

[%]

Change
[%]

76.92 171,627,213.17

m2

68.01 (22,495,470.72)

[%]
(11.58)

18,903,797.83

7.49

48,613,830.64

19.26

29,710,032.81

157.18

39,350,314.27

15.59

32,119,760.04

12.73

(7,230,554.23)

(18.37)

252,376,795.99 100.00 252,360,803.85 100.00
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Figure 2: (a) Landsat image of Mbeya for year 2000 and (b) land-use land cover map for the
same year

Figure 3: (a) Landsat image of Mbeya for year 2020 and (b) land-use land cover map for the
same year

Figure 4: (a) Changes in the dominant land use land cover classes for Mbeya City for the
period between 2000 and 2020
Landsat image for Mbeya city for November 2020 is given in Figure 3(a). In this period, the
dominant land cover classes are still hilly and bareland but this time followed by the urban
(built-up) areas and lastly the vegetated land (Figure 3b). The hilly and bare land cover an area
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of about 171.6 km2, followed by the urban (built-up) areas with an area of 48.6 km2 and finally
vegetated land with an area of 32 km2 (Table 2).
The changes in dominant LULC classes are given in Figure 4a and 4b. Analysis shows that,
between year 2000 and year 2020, the hilly and bare land areas decreased from covering an
area of 76.92% to 68.01%, which is a decrease of about 11.58 % from the reference year which
is 2000. It should be noted that, these areas represent agricultural land during the rainy season,
they are classified as bare land only because the images were taken during the dry season. Also,
the vegetated land decreased by 18.37% from covering an area 15.59% in 2000 to 12.73% in
2020. The vegetation represents mostly natural vegetation as agriculture in Mbeya is mainly
rain-fed. The largest increase is in urban areas, which is also known as urban expansion. This
increased by 157.18 % from covering 7.49% of the city to covering 19.26%. More discussion
on Mbeya city expansion is given in the next section.
3.2

Spatiotemporal Urban Expansion

In this analysis, it was possible to lump the clouded areas for year 2010 to the unbuilt areas as
they were concentrated on the northern hilly areas. This is the hilly areas and google images
for the same period confirmed that there were no buildings, hence our postulation that these
were unbuilt areas in 2010 introduces no error in the results.
Urban expansion, which as defined earlier is shown by the increase in built up areas is given
in Figure 3(a-d). The extent of built up areas increased from 7.5% of the total area in 2000 to
10% in 2010 and 19% in 2020. The increase in built up areas between 2000 and 2010 is 34.8%,
consistent with results from (Forget et al., 2021) where the increase in built-up areas for Mbeya
City between 2000 and 2015 was about 38 %. The period between 2010 and 2020 experienced
a massive increase in the built up areas, where the built up areas increased by 90.7%. In May
2019, the built up area in Mbeya was estimated at about 1,800 ha with total road length of about
400 km (Forget et al., 2021), which is far less than the built area estimated in this research. It
is likely that the unplanned settlement were not considered in the earlier study.

Figure 5: Extent of built-up areas for (a) 2000, (b) 2010 and (c) 2020 as extracted from the
LULC map
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Prior to 2000, settlement in Mbeya city was mainly concentrated around two locations; a larger
cluster of settlement around Mwanjelwa and a smaller cluster in the Eastern part around Uyole
(Figure 5a). Our analysis shows that, the expansion between 2000 and 2010 occurred mainly
by densification/ building around the existing buildings, which is consistent with the study by
(Fang et al., 2019). This type of expansion is known as infill (Angel et al., 2016). The expansion
between 2010 and 2020 consisted of buildings joining the two clusters to form a continuous
city (Figure 5b and 5c), which is known as extension (Angel et al., 2016). These results are
consistent with the report by (Forget et al., 2021), where the expansion in Mbeya city was
reported to be mostly by extension followed by infill and lastly leapfrog which was not
observed in this study.
4.

CONCLUSION AND RECOMMENDATION

There are changes in land use land cover in Mbeya city, whereby more areas are cleared to
allow for the expansion of the city. This results into modified land cover, with implications on
surface run-off characteristics. In most developing countries, urban growth tend to be
unplanned and disorderly in manner, giving raise to informal settlements with limited lands
allocated to streets and arterial roads. Also, the modified run-off characteristics leads to
increase in frequency and magnitude of peak run-off discharge, which could explain the recent
increase in incidences of flooding. All these issues point out the importance of studying and
forecasting urban expansion for proper planning.
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ABSTRACT
The properties of concrete depend partly on the type and mechanical properties of aggregates
used in the concrete mix. The paper presents an investigation designed to study the properties
of pumice lightweight aggregates and assess their suitability to structural lightweight
concrete. The properties of pumice lightweight aggregates mainly aggregates shape, water
absorption, specific gravity and organic impurities were examined. The results indicated that
pumice lightweight aggregates have the flakiness and elongation close to upper limits as set
by BS 812-105.1:1989 low density, high water absorption in comparison to normal weight
aggregates, and are weather resistant. It was concluded that pumice lightweight aggregates
are suitable for manufacture of structural lightweight concrete.
Key words: Pumice lightweight aggregates, fineness modulus, water absorption, aggregates
shape
1.

INTRODUCTION

Pumice is from natural volcanic emissions which is extrusive volcanic rock which is
produced when lava with a very high content of water and gases is discharged from a
volcano. When this lava cools and hardens, the result is a very light rock material filled with
tiny bubbles of gas, (Harness 2018). Pumice aggregates have been used before as coarse
aggregates in normal weight concrete. Pumice aggregates are used in the production of
lightweight concrete in a number of countries, such as Italy, Turkey, United States, and Some
of the Eastern Africa countries covered by the great rift valley include Ethiopia, Kenya,
Uganda, Tanzania, Rwanda and Burundi (https://www.bgs.ac.uk, 2020, Mbakisya et al.,
2020). The pumice aggregates are seen in Figure 1.

Figure 1: Pumice aggregates types
Pumice is available in abundance in Mbeya and is not used for preparation of structural
concrete.
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OBJECTIVE AND SCOPE

The objective of the study was to evaluate the properties of pumice lightweight aggregates
available in Mbeya, for the purpose of making lightweight structural concrete. The aim was
to determine whether the aggregates are lightweight and subsequently to determine their
suitability to making of lightweight structural concrete. The evaluation was limited to study
of aggregates shape, water absorption, specific gravity and organic impurities of Mbeya
pumice aggregates.
3.
3.1

REVIEW OF PROPERTIES OF AGGREGATES
Concrete technology

Building and construction activities are as old as the human existence, as man has always
required shelter for residence and other activities so as to guarantee survival, safety, comfort
and endurance (Ede, 2011). A high percentage of structures in developed and developing
nations are made of reinforced Portland cement concrete. The concrete is commonly used
worldwide because of the availability of its constituent materials. It is universally adopted in
multi-purpose constructions because of its strength, economy-related to availability and
sustainability of its constituent materials (Ede and Olofinnade, 2017). Concrete is a manmade stone-like composite material produced by mixing cement, aggregate, and water with or
without additives and allowed to cure and harden. It can be cast into any shape, form, texture,
and colour for aesthetics. According to ACI 213R-14, concrete is defined as the mixture of
hydraulic cement, aggregates, and water, with or without admixtures, fibers, or other
cementitious materials. It is one of the basic materials used in the construction because of its
availability and affordable cost.
Concrete ingredient materials are locally available and can easily be modified and mixed or
combined to yield the desired properties of fresh and hardened concrete, Ferraris (1992)
argued that, the advances of concrete technologies continue to modify and improve the
properties of both fresh and hardened concrete that enhances strength, stability and durability
of concrete structures. Zongjin (2011) defines the structural lightweight concrete as a
concrete having compressive strength in excess 17 N/mm 2 with a bulk density less than 1950
kg/m3. As far as lightweight concrete is concerned, light weight aggregates are to be
integrated. Nowadays, structural lightweight concrete can be made 25% lighter than normalweight concrete but with a compressive strength of up to 60 N/mm2. Ferraris (1992) stresses
that, the rheology of fresh concrete is very important because it influences the quality of the
hardened concrete. Workability and stability of concrete against bleeding and segregation is
influenced by optimum proportioning of concrete ingredients. The aggregates properties such
as shape, maximum nominal size, texture, absorption, mineralogy and fineness also affect the
final quality of hardened concrete. Zongjin (2011) stresses that, water is considered as an
essential component in concrete and in the processes of mixing, placing, compacting, curing
and hardening as it provides lubrication necessary for hydration of cement. Although water is
necessary for the hydration reaction of cement, proper gradation of aggregates is essential for
optimum water cement ratio which is one of the governing factor for strength and durability
of final product.
3.2

Ingredients of concrete

Most of concrete used in the construction industry is produced by varying the proportions and
/or types of the main ingredients. They are also produced by substituting cementitious
materials, adding admixtures or mineral additive. In this case, the finished concrete products
find their application through varying strength, density, and thermal resistance properties in
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different structures. The concrete mix design depends on the type, exposure environment,
uses and safety level required for the structure. On the other hand, it is also vital to consider
batching, mixing, transportation, placing and compaction to attain the structure needs.
3.3

Aggregates

Aggregates are inert granular materials such as sand, gravel, or crushed stone, fine and coarse
aggregates that make up the bulk of a concrete mixture, normally constitute 60 % to 70 % of
a concrete mix (Mboya, 2013). It is a fact that, the physical characteristics of the aggregates
will influence the physical properties of the concrete produced. Aggregates in concrete are
divided into two distinct categories mainly fine and coarse aggregates. The fine aggregates
generally are of natural sand or crushed stone with particles passing through the 4.75 mm
sieve. The coarse aggregates are any particles greater than 4.75 mm, mostly range between
9.5 mm to 37.5 mm in diameter (Francois, 1966). Gravels and crushed stone are both used as
coarse aggregates in concrete. Lightweight concrete strength relies fully on the quality of
lightweight aggregates and rheology strength of mortar (Erdogan, 2002 and ACI, 2007).
Properties of aggregates such as chemical composition, shape, and size have significant
impact on the workability, durability, strength, density, shrinkage and economy of the
concrete. These properties of aggregates give the flexibility in the design and construction
requirements. Aggregates processing consists of crushing, screening, and washing the
aggregates to obtain appropriate clean and graded proportion. Aggregates are classified
according to their density or unit weight (Erdogan, 2002 and ACI, 2007). Aggregates are
classified into three categories basing on the density or specific gravity (Demirboga and Kan,
2013). Firstly the lightweight aggregates having a specific gravity less than 2.40, these are
widely used in lightweight concrete. The second category is normal weight aggregates having
specific gravity between 2.40 to 2.90. These are the most commonly used type of concrete.
The last category is heavyweight aggregates whose density range from 3 to 5.
3.4

Role of aggregates in concrete

Chung et al., (2017) states that, the role of aggregates in concrete is to provide dimensional
stability and wear resistance. The aggregates provide strength and durability properties of
concrete. They occupy most of the volume of the concrete and act as a filler material to
provide the structural integrity and lower the cost of concrete. When concrete is freshly
mixed, the aggregates normally swing in the cement paste. According to Zongjin (2011), the
behaviour of fresh concrete such as fluidity, cohesiveness, and rheology is usually influenced
by the amount, type, surface texture, and size gradation of the aggregates. The selection of
aggregates has to meet the requirements of the end use. Although there is little chemical
reaction between aggregates and cement paste, but aggregates contribute many qualities to
the hardened concrete. It extends the advantages to reduce the cost, shrinkage and creep in
concrete. Moreover, aggregates have a big influence on stiffness, density, strength, thermal
properties, bond, and wear resistance of concrete (Zongjin, 2011).
3.5

Properties of aggregates

Aggregates should be transported and stored well to minimize segregation, degradation and
prevention to contaminations. Aggregates influence not only mix proportions but also
properties of freshly and hardened concrete. Consequently, proper selection of aggregates is
necessary to achieve desired properties of fresh and hardened concrete. The selection of
aggregates is based on gradation, aggregate shape and size, absorption and surface moisture,
unit weight, voids and specific gravity.
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3.5.1 Aggregates gradation
Aggregate gradation pattern is assessed by sieving a sample successively through standard
sieves mounted in order of size, with larger sieve on the top and the smallest at the bottom.
The material retained on each sieve after shaking represents the fraction of aggregates coarser
than the sieve in the question and finer than the sieve above. Naseem et al., (2016) classified
aggregates in four categories namely: - dense or well-graded aggregates, gap-graded
aggregates, uniformly graded aggregates, and open-graded aggregates (Figure 2). Proper
gradation of coarse aggregates is one of the most important factors in producing workable
concrete. Proper gradation ensures that a sample of aggregates contains all standard fractions
of aggregate in a required proportion such that it contains minimum voids. A sample of well
graded aggregates containing minimum voids requires minimum paste in filling the voids
around the aggregates. Minimum paste is attributed to less cement paste and water; leading to
increased strength, low shrinkage, greater durability and less cost. The cement paste has to be
more than sufficient to fill up the voids between the aggregates particles so that there would
be “excess paste” to provide a thin film of paste coating to each aggregate particle to lubricate
the concrete (Wong et al., 2008). Concretes made from poorly graded aggregates results into
excessive voids and hence porous and permeable concrete which is susceptible to
deterioration under the action of carbonation and chlorine ions.

Figure 2: Gradation curves.
Source: Naseem et al., (2016)

3.5.2 Aggregate shape and size
Aggregates shape and size are the most important factors when selecting aggregates for a
specific job (Mboya, 2013). Aggregates size larger than 5 mm are classified as coarse
aggregates, while anything smaller than 5 mm are termed as fine aggregate (BS 12620:
2002). Generally, the largest aggregates should not be greater than one-third the depth of a
slab or one-fifth the smallest dimension of the form. Generally, coarse aggregates are blended
with fine aggregates to obtain a desired gradation for a specific requirement and this reduces
cement content as well as shrinkage resulting from setting process of concrete. Aggregates
shape influences strength, but has more immediate impact on the workability of the fresh
concrete (Mboya, 2013). Rough-textured, angular, and elongated particles require more water
to produce workable concrete than smooth rounded aggregates. Consequently, higher cement
content is required to maintain the water-cement ratio. Usually flat and elongated particles are
avoided or limit to about 15 percent by weight of the total aggregates.
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3.5.3 Unit weight, specific gravity, density and voids
The unit weight is defined as the weight per unit bulk volume for bulk aggregates. In addition
to the pores inside each single aggregate, the bulk volume also includes the space among the
particles. Zongjin (2011) stated that, the unit weight of aggregates is obtain when all void
spaces of the sample are completely filled with air, and when without water. It is also defined
as the mass or weight of aggregates required to fill a specified unit volume. The bulk density
of aggregates common in normal-weight concrete ranges from about 1200 to 1800 kg/m 3 but
that of lightweight aggregates ranges from 500 to 1000 kg/m 3 (Smith, 2001). Zongjin, (2011)
states that, the unit weight of lightweight aggregates is between 500 and 1120 kg/m 3.
Examples of lightweight aggregates include cinder, blast-furnace slag, volcanic pumice, and
expanded clay.
The specific gravity of an aggregate is the ratio of its mass to the mass of an equal volume of
water. It is used in computations of mix proportions and control in the absolute volume
method of mix design. Specific Gravity is not a quality measure of aggregates though some
porous aggregates exhibit accelerated freeze-thaw deterioration and have low specific
gravity. Specific gravity of natural aggregates common in normal-weight concrete ranges
between 2.4 and 2.9, that is, densities of between 2400 kg/m3 and 2900 kg/m3. Experiment
conducted by Vidya (2021) in pumice aggregates found to be 1.05. Choudhry and Hadley
(2009) defines lightweight aggregates as construction materials that have a bulk density lower
than that of common construction aggregates. Lightweight concrete is defined as concrete
with dry densities in the range of 800 kg/m3 to 2000 kg/m3 (Schlaich and Zareef, 2008). Such
concrete can be either a structural or non-structural depending on what type of aggregate is
used.
The void content between particles affects the amount of cement paste required for the mix.
Rounded particles have fewer voids while angular aggregates increase the void content.
Larger sizes of well-graded aggregates and improved grading decrease the void content.
3.5.4 Water Absorption and surface moisture
Water absorption and surface moisture of aggregates should be determined so that the total
water content of the concrete can be controlled and correct batch weights determined, Shetty,
(2009). There is a tendency of bulking of fine aggregates due to absorption. Bulking is the
increase in total volume of moist fine aggregate compared to when it is dry over the same
mass. Surface tension is the surface moisture, which holds the particles apart causing an
increase in volume. Vidya (2021) found the pumice aggregate water absorption to be about
50%.
3.5.5 Organic Impurities
Presence of organic impurities in aggregates may delay setting and hardening of concrete,
may reduce strength gain, and may cause deterioration of concrete, Kisunge (2012). Organic
impurities such as peat, humus, and organic loam may not be as detrimental but should be
avoided. Potentially harmful impurities in coarse aggregates can be identified by using
ASTM C 123 (AASHTO T 113).
3.5.6 Fineness modulus
Fineness modulus of coarse aggregates is the average size of the particles in the aggregates
expressed by an index number. Fineness modulus index number is calculated by performing
sieve analysis with standard sieves sizes. Limits of fineness modulus for structural concrete
are as indicated in Table 1.
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Table 1: Limits of fineness modulus for structural concrete
Maximum size of coarse aggregate (mm)

Fineness modulus range

20

6.0 – 6.9

40

6.9 – 7.5

75

7.5 – 8.0

150

8.0 – 8.5
Source: BS 812-103.1(1985)

3.5.7 Lightweight aggregates
According to Nodehi (2021), lightweight aggregates divided into three types, which are
industrial waste lightweight aggregates (includes pelletized products), Naturally occurring
lightweight aggregates (such as pumice, light sand, and volcanic cinder) and artificially made
lightweight aggregates (such as expanded perlite and Ceramsite), and their properties vary in
terms of density, water absorption, elastic properties, durability and fire resistance. The
suitability of structural lightweight concrete depend on the type of lightweight aggregate
utilized in the concrete (Chandra and Berntsson, 2002). In recent years, techniques have been
developed to produce varieties of lightweight aggregates in factories. The lightweight
aggregates are produced from natural raw materials such as expanded clay, shale and slate.
The industrial produced or manufactured light aggregates have bulk density varying from 400
kg/m3 for expanded pearlite to 1150 kg/m3. Combination of this low specific gravity with
high inter-particle voids results in lightweight aggregates bulk dry densities of about 720
kg/m3 (Holm and Valsangkar, 2001).
3.5.8 Pumice lightweight aggregates
There are a variety of lightweight materials that can be used in the production of pumice
lightweight aggregates. These are natural materials like volcanic pumice and thermal-treated
natural raw materials like expanded glass, clay, shale, etc. There are also other types of
pumice lightweight aggregates which are made from industrial by-products including fly ash.
The final properties of the pumice lightweight concrete depend on the type and mechanical
properties of pumice lightweight aggregates used in the concrete mixture. According to the
American Concrete Institute (ACI), pumice lightweight aggregates can be used for structural
applications. To be considered as structural lightweight concrete, the minimum 28-day
compressive strength and maximum density have to be 17 N/mm 2 and 1840 kg/m3,
respectively. The practical range for the density of Structural Pumice Lightweight Concrete is
between 1400 and 1840 kg/m3. Pumice lightweight concrete with compressive strength less
than 17 N/mm2 is considered as non-structural pumice lightweight concrete. There are several
benefits of using Pumice lightweight aggregates. The benefits include improved thermal
specifications, better fire resistance, and dead load reduction which results in lower cost of
labour, transportation, formworks, etc. (Hedjazi, 2019).
4.

METHODOLOGY

4.1

Materials

The research involved studying and evaluating the suitability of pumice lightweight
aggregates found in Mbeya Region, Tanzania as the constituent of structural lightweight
concrete. The pumice lightweight aggregates used are naturally available at Iyunga ward. The
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material was graded and prepared for tests of its properties in accordance to structural
lightweight concrete as stipulated in Building Code Requirements for Structural Concrete
(ACI 318-14) , ACI Standard and Commentary on Building Code Requirements for
Structural Concrete (ACI 318R-14) an ACI Report, as reported by ACI Committee 318 and
Shetty, (2009).
4.2

Gradation, Specific gravity and water absorption test

A Sieve analysis or gradation test was conducted to determine the distribution of aggregates
particles by size within a sample and Particle size distribution was based on the procedure as
outlined on BS 812-103.1: 1985.
Specific gravity of aggregates and Water absorption of aggregates was measured in
accordance to BS 812: Part 2: 1995 code in which case measured and recorded were the
weight of saturated pumice lightweight aggregates, the weight of vessel alone, the weight of
vessel and aggregates filled with water.
4.3

Organic impurities test

Pumice aggregates were examined for organic impurities. In this case, three percent (3 %) of
Sodium Hydroxide (NaOH) was dissolved in distilled water, the pumice lightweight
aggregates were immersed in a saturated water for 24 hours. After 24 hours, the aggregate
sample was compared to the colour plate translation. The results were interpreted based on
standards specified in Table 2.
Table 2: Colour plate translation
Colour type

Remark to materials

Greenish
Lime
Orange
Yellowish
Red

Excellent
Good
Standard
Poor
Very Poor

Remark
Standard Materials

Poor Materials
Source: Kisunge (2012)

4.4

Shape tests

The particle shape tests of aggregates were conducted by determining the percentages of
flaky and elongation of the pumice lightweight aggregates. Flaky particles are the particles
whose thicknesses are less than 0.6 of their mean size and elongated particles are the particles
whose lengths are more than 1.8 of their mean size, these values were determined by the
equation ((1) and equation ((2), respectively.
Xi
x100
wi
Y
Elongation index(EI)  i x100
wi
Flakiness index(FI) 

(1)
(2)

Where, Xi and Yi are the weight of aggregates passing through the flaky and elongated
width gauge respectively, and Wi is the total weight of aggregates sample.

THE TANZANIA ENGINEER

43

VOL. 18 NO. 1, DECEMBER 2021

JOURNAL OF THE INSTITUTION OF ENGINEERS TANZANIA
4.5

ISSN: 0856 – 0196

Fineness modulus

Fineness modulus index number was calculated by performing sieve analysis with standard
sieves sizes, Maximum size of aggregates used was 20 mm, the cumulative percent of pumice
lightweight aggregates retained on 4.75 mm sieve size was used to determine Fineness
Modulus Index. Fineness modulus of aggregates is given by cumulative percentage retained
on standard sieve of 4.75 mm divided by 100. Determination of Fineness modulus was based
on the procedure as outlined on BS 812-103.1: 1985
5.

RESULTS AND DISCUSSIONS

5.1

Gradation and fineness modulus

Results from sieve analysis showed that most of the pumice lightweight aggregates particles
lie in the range between 6.0 mm and 10 mm sieve size (Figure 3), with the fineness modulus
of 6.8 (Table 3). The grading limits, that is the maximum and minimum size of aggregates to
be utilized in the concrete mix are classified in four categories mainly dense or well-graded
aggregates which means they have gradation close to the maximum density grading curve,
gap-graded aggregates which have only a small percentage of particles in the mid-size range,
uniformly graded aggregates which are composed mostly of particles of the same size and
Open-graded aggregates which contain only a small percentage of small sized particles,
(Naseem et al., 2016). Results of this study show that the pumice lightweight aggregates are
well-graded aggregates (Figure 4).
The results also showed that the pumice aggregates attained a fineness modulus of 6.8 which
being within the range of 6.0 – 6.9 (Table 3).

Figure 3: Gradation tree

Figure 4: Grading envelope for course aggregates
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Table 3: Properties of pumice lightweight aggregates
Parameters
Value
Standard value
Specific gravity(SSD)
1.1
< 2.4 (lightweight)
Water absorption (%)
98.3
Fineness modulus Index
6.8
6.0 – 6.9
25
%
for
general work, 30
Flakiness Index [%]
25.3%
works.
25 % for
for road
general
work, 30
Elongation Index [%]
23.0%
for
road
works.
Organic Impurities
Orange
See Table 2
5.2

Reference
BS 812: Part 2: 1995
BS 812: Part 2: 1995
BS 812-103.1: 1985
BS 812-105.1:1989
BS 812-105.1:1989
Kisunge (2012)

Specific gravity and water absorption

The results showed that the pumice aggregates attained a specific gravity of 1.1 which being
less than 2.4 showed that the pumice aggregates were lightweight aggregates. Specific gravity
of aggregates also generally indicate strength of materials in which case aggregates with
higher specific gravity are normally considered as having higher strength. This is a weakness
of the pumice lightweight aggregates which has to be considered in concrete design and
mixtures.
The results showed also that the pumice lightweight aggregates attained water absorption of
98.3% (Table 3). This showed that water absorption of pumice aggregates is very high
compared to normal weight aggregates which is not greater than 3% (BS EN 1097-6:2000).
The water absorption of pumice aggregates was high compared to light weight aggregates as
which can be as low as 50% Vidya (2021). It should be noted, absorption begins to take
place immediately as soon as the aggregates is stored.
Water absorption of aggregates as a measure of porosity of the aggregates measures materials
ability to sustain the weathering effects, (BS 812:2:1995) which is the weakness of the
pumice lightweight aggregates as it has high porosity. Water absorption of aggregates also
results to high demand of water for concrete mixture which has negative effects to concrete.
The high water demand in pumice aggregates concrete is reduced by immersing the pumice
lightweight aggregates in water for 24 hours and allow it to dry for at least 15 minutes before
being utilized such that the water content as well as w/c ratio for their concrete do not change
much from that of normal concrete.
5.3

Organic impurities

The colour plate displayed an orange colour (Table 3), which means the materials are free
from organic impurities which means that the pumice lightweight aggregate is a standard
material which can be used for structural lightweight concrete.
5.4

Shape

Results for Flakiness Index of 25.3% for pumice lightweight aggregates slightly exceeds the
limit of 25% whereas the Elongated Index of 23% for pumice lightweight aggregates is
within the range for use in structural concrete works as shown in Table 3 (BS 812105.1:1989).
A high percentage of flaky particles reduces fresh concrete mix workability which in turn
leads to a reduced hardened concrete strength. To compensate for the reduced workability of
a fresh concrete mix more quantity of binder material is demanded so as to achieve the
desired fresh concrete workability and hardened concrete strength. The Flakiness Index of
pumice lightweight aggregates is just above the upper limit, hence, effect of the pumice
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aggregates on workability of fresh concrete mix and strength of hardened concrete strength is
expected to be moderate.
6.

CONCLUSIONS AND RECOMMENDATIONS

6.1

Conclusion

(1) Pumice aggregates qualified as lightweight aggregates as exhibited by their low specific
gravity which may be used for preparation of lightweight concrete.
(2) Pumice lightweight aggregates had flakiness and elongation indices close to upper limits
as per BS 812-105.1:1989 which may have moderate effect on fresh and hardened
concrete.
(3) Pumice lightweight aggregates had high water absorption in comparison to normal weight
aggregates hence it is necessary to mitigate effects of high water absorption of the pumice
aggregates on fresh and hardened concrete.
(4) Pumice lightweight aggregates were free from organic impurities which means that the
pumice lightweight aggregate is a standard material suitable for use in structural concrete.
(5) Generally the properties of pumice aggregates are suitable for manufacture of structural
lightweight concrete.
6.2

Recommendation

(1) Investigation is recommended on mitigation measures against shortfalls due to pumice
aggregates high water absorption property.
(2) It is also recommended to study the effect of pumice aggregate on fresh concrete
workability and hardened concrete strength.
(3) A study of properties of mixture of normal aggregates and pumice is recommended.
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ABSTRACT
The flood magnitudes with 5, 10, 20, 50, 100 and 200 years return periods were predicted using
the California Probability Equation so as to assist in the decision for hydraulic designs for
structures crossing River Nzovwe in Mbeya City Tanzania. The study delineated three subcatchments where three bridges simultaneously collapsed on 6th October 2019 and thereafter
applied an area ratio based extrapolation formula given in Kidova et. al., (2021) to estimate the
peak flows from a gauged catchment. A graphical decision support tool was developed to
predict the peak flows for the collapsed Nzovwe, Iyela and Mwasanga Bridges. The study
found that, for the commonly used return period of 50 (2%) years, flood magnitudes of 211
m3/s, 199 m3/s and 198 m3/s for Nzovwe, Iyela and Mwasanga Bridges respectively were
obtained. The obtained values have insignificant differences and therefore the values for
Nzovwe Bridge can be used for hydraulic design for structures crossing River Nzovwe. In
addition, the approach managed to estimate a flood peak of slightly above 70 m 3/s for a return
period of less than 6 years. The hydraulic evaluation of the bridge waterway and scouring
characteristics for River Nzovwe constitutes the future study.
Keywords: Extreme weather events, Bridge Failure, Monthly Peak Flows, Return Periods.
1.

INTRODUCTION

The development of urban areas in many parts of the world, have been observed to start in
lower lands or floodplains and expand towards the uplands. This phenomenon is attributed to
population growth and increase in socioeconomic activities. This change of land use leads to
the creation of paved areas which promote surface runoff than the preferred natural
hydrological process. Studies by Katambara and Msambichaka (2020) discussed issues on the
combination of anthropogenic activities, climate change and variability that result to high peaks
flows that is attributed to land use change. Mosselman (2020) reported that valleys with alluvial
soils supported economic activities, formed the cradle of cities and promoted irrigated
agriculture. It is fair to note that, the development of hydraulic structures such as bridges
follows the same trend of land-use change from lowland to upland, as such bridges located on
the lower land incorporate little consideration on the future development which is to occur on
the upland, causing flood peaks that are later witnessed on the lowlands. For instance, Mbeya
City Tanzania witnessed the upper-land of Nzovwe area being developed while the unplanned
lower land is fully developed with several small bridges crossing the River Nzovwe which
drains the area. The study by Izidori and Katambara (2021) indicated that from 2010 to 2020,
the Mbeya City built-up area increased from 7.49 % to 19.26 % and the vegetated land
decreased from 15.59 % to 12.73 %. Between 2002 and 2021, the Nzovwe Bridge has failed
three times, if we assume that time interval to be equal in the span of 19 years, therefore the
return period of the peak flow that led to the collapse of the bridge is less than 6 years.
It is fair to note that, whenever an important structure is to be constructed across a river or in
vicinity of a river, it must be properly designed keeping in view the damage to which it is
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susceptible to, and catastrophic effect which might be caused in the event of failure. The
hydraulic considerations are meant to reduce the reaction from the flowing water that include
upstream flooding of the rivers. Future projections from climate models indicate increasing
rainfall during the short rains under future climate change scenarios (Rowell et al., 2015),
suggesting that events such as the increased rainfall experienced in 2019 will become more
frequent. Hence, provisions must be made in the designs for extreme events that are likely to
occur during the structure’s life time. River flow prediction plays a vital role in planning of
water projects, irrigation systems, hydropower system, and optimized utilization of water
resources (Zhang et al, 2011). Due to continuous increase of population growth, industrial uses,
and irrigation needs, the river flow forecasting has received great attentions from researchers.
Therefore, proper analysis of peak flows that accommodate the current and future land use and
land cover change is required to ensure that hydraulic structures such as bridges withstands the
peak flows during their life spans.
2.

OBJECTIVES AND METHODOLOGY

The main objective of this current study was to analyze the extreme weather events along River
Nzovwe in relation to anticipated peak flows.
The specific objectives of this study were to:
(a) Review the various approaches used for predicting river peak flows and analysis;
(b) Describe the study area in river flow;
(c) Determine and analyse the peak flows for various return periods in relation to the failed
bridges.
3. REVIEW OF PEAK FLOW PREDICTION APPROACHES
The estimation of design peak flows have always been of paramount importance, particularly
for small catchments that are characterized by small contributing areas and high intensity, short
durations of rainfall concentrations, hence posing challenges on designing climate resilient
infrastructure (Petroselli et al. 2019). In situation where flow data are not available, generation
of the representative flows is done through the application of modelling approach as
demonstrated in some studies. For instance, Jia et al. (2019), applied the China Flash Flood
Hydrological Model (CNFF-HM), a distributed hydrological model with a physical
mechanism, to simulate flash floods generated from an ungauged catchments of Qianyangxi
and Tiezhuling in China. The model parameters were transferred from a gauged catchment.
The results obtained indicate that CNFF-HM underestimated flows during the rising limp and
underestimated the peak and falling limp of the simulated hydrograph. Kim and Shin (2018)
developed pragmatic method to estimate a relationship between the runoff coefficient, intensity
of rainfall, and curve number and thereafter utilized the relationship to calculate the peak flow
using the rational method for ungauged catchments. The peak flow simulated using this method
highly agree with the peak flows obtained for the ungauged catchments, a fact that makes this
approach suitable for hydrologists. In another study, Sudhakar et al. (2015) applied a Snyder
Unit Hydrograph to estimate flood peak in ungauged catchments in Lower Tapi Basin, India.
The study managed to replicate the hydrological parameters including the flood peak which
made a good fit, with a mean variability range of 5 to 7%. Petroselli et al. (2019), applied the
EBA4SUB, a conceptual model to generate stream flows from ungauged catchments and the
results were comparable to those obtained using other approaches. Other approaches that have
been used to generate flows include fuzzy inference system (Katambara and Ndiritu 2009),
radial basis function neural networks (Kagoda et al, 2010), hybrid conceptual-fuzzy inference
model (Katambara and Ndiritu 2010), Australian Water Balance Model (AWBM) (Boughton,
2007) and have been reported to generate comparable results.
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4. DESCRIPTION OF THE STUDY AREA
Nzovwe River in Mbeya City, Tanzania is selected as a typical case due the peculiar incident
of the three bridges, Nzovwe, Iyela and Mwasanga bridges which are in series and they
collapsed on 6th October 2019. The Nzovwe River system is located in the south-eastern part
of Mbeya City having a total sub-catchment area of 1381 km2 at gauged outlet at Galula
gauging station, with the western part of the catchment being a low veld that drops to an altitude
slightly below 855 m above mean sea level while the eastern part is a mountainous region that
rises to an altitude above 2840 m above mean sea level (Figure 1).

Figure 1: Delineated sub-catchments upstream of Nzovwe, Iyela and Mwasanga bridges
5. METHODOLOGY AND DATA USED
The methodology applied in this study includes:
(a)

Delineation of the catchment and identification of the river network

A 30 m digital elevation model (DEM) using the Spatial Analyst Tools of ArcGIS (ArcMap
10.3.10) was used in determining the subcatchment boundary, area as well as the river network
based on the DEM (Figure 1).
(b)

Estimation of series of peak discharges

The flood discharges within the study subcatchments of Nzovwe, Iyela and Mwasanga were
calculated using the historical data obtained for Galula flow gauging station. Monthly flow data
were used due to short record length from December 2016 to December 2019. In order to obtain
the various flow values of the sub-catchments, a correlation formula given by Ozga-Zielińska
and Brzeziński (Kidova et. al., 2021) was applied. The specific flows are given by:

QX max = QW max (

)n

(1)

Where,
QX max is the flow at the measured cross-section (m3/s)
Qw max is the flow at the gauging station (m3/s)
Ax is the catchment area for the measured cross-section (km2)
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Aw is catchment area for the gauged cross-section (km2)
n is the parameter of the extrapolation equation and represents the Manning’s Value)
(c)

Determination of peak flows for respective return period

In order to predict the various peak flows, a similar approach applied in Katambara et al., 2003
used. The approach applied the California probability equation is given by:
N=T×m
Where,
N is the total number of years of record;
T is the recurrence interval; and
m is the number of times the given rain is equal or exceeded.

(2)

6. RESULTS AND DISCUSSION
6.1. Delineated subcatchment of Nzovwe, Iyela and Mwasanga
The delineated subcatchment indicated that Nzovwe sub-catchment covers an area of 387km2,
Iyela subcatchment covers an area of 258 km2 and Mwasanga sub-catchment covers an area of
64 km2. The application of the ARCGIS successfully managed to demarcate the three
subcatchments.
6.2. Peak flows and return periods
The application of the California Probability Equation indicated that the non-exceedance values
along River Nzovwe for the Nzovwe, Iyela and Mwasanga subcatchments for the return period
of 5, 10. 20, 50, 100 and 200 years ranges from 70 m3/s to 291 m3/s. Table 1 shows the values
for the three subcatchments. Figures 2, Figure 3 and Figure 4 show the plots of the peak flows
and percentage of probability of non-exceedance for Nzovwe, Iyela and Mwasanga
subcatchments respectively.
Considering the fact that the Nzovwe Bridge suffered three time in 18 years, the likely return
period of the flood is less than 6 years, therefore 5 years was assumed to be the return period
of the peak flow that has been affecting the bridge. For a return period of 5 years the peak flow
from Figure 2 is 75 m3/s. The flow values can be perceived to be high; for the purpose of having
a climate resilient bridge, they are considered to be adequate.
Table 1: Return Periods at Nzovwe, Iyela and Mwasanga subcatchments
Return
Periods (Yrs)
5
10
20
50
100
200

Probability of Nzovwe
nonBridge
exceedance
(m3/s)
(%)
20
76
10
117
5
159
2
211
1
251
0.5
291
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Bridge
(m3/s)
73
110
140
199
237
275
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Mwasanga
Bridge
(m3/s)
70
110
150
198
236
274
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Figure 2: Non-exceedance probability for Nzovwe Bridge

Figure 3: Non-exceedance for Iyela Bridge
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Figure 4: Non-exceedance for Mwasanga Bridge
7. CONCLUSION AND RECOMMENDATION
River flow prediction plays a vital role in planning of water projects, irrigation systems,
hydropower system, and optimized utilization of water resources. Due to continuous increase
of population growth, industrial uses, and irrigation needs, the river flow forecasting has
received great attentions of researchers for operational river management. The study
approximated the average monthly peak flows at each collapsed bridge for return periods of 5
years, 10 years, 20 years, 50 years, 100 years and 200 years as shown in Table 1. Thus the
study calls for the analysis of the adequacy of water ways at the failed bridge locations. In
addition, the study calls for development of databases for storing and retrieving information on
bridge and other transport related systems.
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ABSTRACT
Construction industry in Tanzania is plagued with poor project performance. The industry through
the projects’ undertaking is continuing recording time overruns, cost overruns as well as
dissatisfaction of the work quality. This problem is caused mainly by the incapability of the parties
involved in the project pursuit. In last three decades, local firms were taking-up a project share by
value ranged from 10% - 20% in 1998 against their foreign counterparts. Recently, this has
improved to an average of 36.6% in 2017. Since the Joint Venture (JV) performance initiative is
evidenced to yield positive results elsewhere (i.e. it has helped firms build their capabilities), but,
this has not yet been sufficiently utilized in the Tanzanian context. This study investigates JV
practices by the local firms, on the: awareness to the terminology, elements, motivation and
obstacles of deploying it. Critical review work on JV was conducted; also questionnaire survey
and interview were conducted in three regions in the country (covering Mbeya, Dar es Salaam and
Geita) to solicit local firms’ JV performance issues. A response of fourteen firms (47%) was
obtained and used. In results, the studied firms showed high level of awareness with the JV and its
potentials as the majority of them (86%) agreed that it contributes to project performance and the
firm’s growth. Respondents (82%) also showed they understand JV obstacles (factors) that hinder
its implementation. In addition, respondents (84%) agreed on/understanding the factors that
motivate firms to undertake JV. The factors that hinder JV project include: fearing involvements
of new individuals to a JV firm, and difficulty to measure JV project, amongst others. Since the
firms had shown high level of awareness with regard to JV facets, but some practiced it partially,
and other did not deploy it; a framework was developed as guidance. It has five elements, firm:
define its role/capability; prepare its readiness to conduct JV; assess JV facets; implement JV and
continue measuring results and improve. Local firms are urged to use the proposed framework and
benefit. In future studies, a framework should be validated and results measured for improvement.
This study has implication to the local firms in Tanzania and to other firms in developing countries.
KEY WORDS: contracting firms, joint venture, JV elements, JV hindrances, motivations to JV
efforts.
1. INTRODUCTION
Construction industry in Tanzania is plagued with poor performance. The inadequate performance
of the industry is observed through the project performance indicators that over the time recorded:
time overrun, cost overrun and substandard quality performance of the works (MoW, 1997; Msita,
2001; Ntyakunze, 2011). The inadequate performance of the industry is caused by the incapability
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of the main project participants – client, contractor and consultant (Kasuwi and Mamiro, 2005;
Joseph and Haule, 2008).
Clearly, the incapability of the local firms is viewed from their low project share participation as
compared to the foreign firms’ counterparts (MoW, 1997; Muhegi, 2007; Mawenya, 2011). In
order to build capability of the local firms, the Ministry of Communication and Infrastructure
Development, the then Ministry of Works (MoW) set an objective stipulated in the construction
industry policy in 2003 that local firms should undertake most of the construction project shares
in value in the country by the year 2012. However, after several efforts utilized by the industry
players to achieve this objective, local firms managed to take-up a project share by value from
10% to 20% in 1998 (Muhegi and Malongo 2004); 30% to 40% in six years period 2005 – 2011,
(Muhegi, 2007; Mawenya, 2011) and then to an average of 36.6% in the period, 2015 – 2017
(Kikwasi and Escalante, 2018). These statistics shows that the target of taking up 100% project
share by the local firms by the year 2012 has not yet being met; despite the efforts tried, such as,
dividing huge projects into small shares to help small firms participate in the project shares,
Contractors Assistant Fund established by CRB to help contractors advance projects, firms
coached through seminars and workshops, amongst others (Msita, 2001; Mlinga, 2005; Muhegi,
2007; Mawenya, 2011). The problem still persists. The author of this paper has views that although
some improvement is noticeable; however, the efforts were not directly linked with boosting
capability of specific local firms enhanced to address their own challenges. Adoption of joint
venture (JV) may help specific firms build their capability.
It is well agreed that in order for a firm to improve its performance capability, JV performance is
one of the appropriate option. This is so because JV allows firms to share resources it doesn’t have
as well as sharing the project risks. JV helps firms to: learn, store, use and retain a new
knowledge/technology it didn’t have previously (Devapriya and Ganesan, 2002; Nystron, 2004).
This is also supported by Omar et al., (2012) who noted that a JV or partnering effort stands as a
vehicle for technology transfer. This technology/knowledge transferred become more useful when
it continues being used at own firm’s settings (Weerasinghe and Ekanayake, 2012). JV has been
seen as an application across several sectors, including: international manufacturing projects,
research and development projects, crude oil industry and construction projects (Sahebi et al.,
2015). While JV adoption efforts are evidenced to be successful approach elsewhere through
creating performance capability of various organizations that in turn created productivity
improvement (Kadefors, 2004; Nyström (2004), Bygballe et al., 2010), such perspectives have
seen little efforts of being practiced in Tanzania.
In Tanzania, very few firms (contractors and consultants) had adopted JV. Literatures on JVs’
performance in Tanzania include: studies of joint venture formation between construction
organizations (Minja et al., 2012), evaluation of enabling factors for Technology Transfer (TT) in
construction industry (Mselle, 2014), assessment of international JV performance (Pius, 2014),
joint venture in housing projects in Dar es salaam, (Kavishe and Chileshe, 2017), implementation
of risk management strategies in JV building projects in Dar es salaam (Mikapagaro et al., (2018),
study on Contractors’ contractual relationship within JV projects (Maro and Mnyigumbi, 2019).
Critical work done by Minja et. al., (2012) on JV performance in the country identified only 102
JV registered projects by Contractors Registration Board (CRB) in the periods from 2007 to 2010.
From all reported JV performance in the country, one would expect a significant benefit reported
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to be achieved, but none is documented in the literature. Like it is noted by the researchers, that,
no true TT related efforts can be said to prevail on a practiced initiative until the technical
knowledge and techniques learned, received, saved and benefited by a specified firm growth is
noticeable (Weerasinghe and Ekanayake, (2012). Muhegi and Malongo (2005) also noted
potentials of JV and advocated local firms to deploy it so as to benefit.
In the country, as of December 2017, the huge numbers of 8,669 and 314 registered contractors
and consulting firms respectively practice construction works (Kikwasi and Escalante, 2018).
From this statistics and the stated JV performance issue, it become evident that majority of firms
had not yet done JV. Those who practiced it did not benefit or had it at marginal levels.
This paper investigates JV performance by the local firms in Tanzania. The five un-answered
questions were posed and answered: (i) what are JV performance factors? (ii) to what extent local
firms are aware with the JV tenets? (iii) Which reasons make local firm reluctant in deploying JV?
(iv) which obstacles, remedial measures and motivation factors for deploying JV? and (v) Which
framework is necessary to guide local firms implement JV successfully? Methods for answering
these questions are briefly described in the methodology Section.
This paper contributes to the knowledge by offering critical JV tenets that help local firms to
understand it. It also provides a framework to guide local firm implement JV initiative. The paper
is organized into five Sections. Section one covers Background and Introduction to the paper.
Section two and three describes literature review and methodology. Whereas Section four explains
data collection and analysis, Section five describes conclusion and recommendations.
2.

LITERATURE REVIEW

The reviewed work is organized into six sub sections: the need for individual firm to build
capability; meaning of JV, importance, experience of use, elements, obstacles, motivation and
factors for firm’s growth. Brief descriptions follow:
2.1. A need for individual firm to build capability
The theme ‘capability’ deserves attention in this paper. Its theory states that capability has emerged
from the field of strategic management. This view looks beyond factors of production and
production functioning to recognize the importance of how firms learn and orchestrate assets in a
ways that market cannot replicate. The capability view also recognize that technology and knowhow do not fall like manna from heaven (Teece, 2017) but, rather, results from value creation
activities, including search, learning, R & D and managerially directed assets orchestrated process
(Omar et al., 2012;Teece, 2017). The capability need to be planned, built and firms should ensure
they guide it for sustenance.
2.2. Joint Venture – It is Synonymous with Partnering
Joint venture (JV) is described to mean, a long-term commitment between two or more
organizations for the purposes of achieving objectives by maximizing the effectiveness of each
participant’s resources (CII, 1991). It is a form of teamwork that supported with a collaborative
approach in which all participants agree to share their efforts to complete the project successfully
(Devapriya and Ganesan, 2002). Jaeger (1961) states the synonymy of JV with partnering in the
following six similarities, both are based on: association between two or more companies; created
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by agreement between parties; both firms intend to use optimal resources; both focus on economic
gain; allow firms to exercise lawful business and relationships to the third party. The term JV is
used in this study.
2.3. Elements of JV
A number of key elements and principles of JV were identified by various researchers. They
include: establishment of the common goals formulated during initial stages of the project (Bennet
and Jayes, 1998), team building based on trust and respect (Bygballe et al., 2010), development of
well structured yet open and informal communication flows (Kadefors, 2004), commitment of
individuals for all participants, equity, responsiveness to problems, continuous evaluation and joint
problem resolution (Cook & Hancher 1990; Construction Industry Institute 1991; Chan et al.,
2002). Researchers for example Bennett, (2003) identified other elements as: strategic efforts that
aim to meet the client`s objectives and understanding how each JV firm engage with the work;
examination and availability of all necessary skills, fair distribution of the work efforts, integration
– the way and importance of two companies are sharing resources, benchmarks the results and
ensuring feedback of the lessons it saved and implemented. The elements are also regarded as the
critical success factors or principles of JV (Chen and Chen, 2007). Liu and Fellows (2001), and
Nyström (2004) also state the elements of JV as: long term commitment, shared understanding,
mutual trust, common goals, commitment, and effective communication for the benefits of
improving construction performance (CII, 1991; Bygballe et al., 2010).
The elements of JV commonly practiced elsewhere were selected, briefly described, widely
accepted/used ones were selected (Table 2.1). The JV elements accepted by more than five
researchers were regarded as the critical JV factors and were sent to a survey of local firms for
eliciting the extents to which such elements: are familiarized by the firms and, or obstruct firms
on their performance.
Table 2.1: Elements for Success of JV Performance, Evaluated from other Researchers
JV element
Comprehensive
&
written agreement
Risk share b/n parties

Description(s)
fair

JV partner selection

Financial stability
Mutual understanding
Openness, transparency
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Agreement fair set out of the obligations,
rights, risks and rewards for partners
Anticipated
project
events,
example,
inappropriate/lacking
of
a
particular
resource(s) shared by both parties
a partner select based on knowhow of JV
tenets, patented resources and technology a
firm has access to, culture and value of that
firm and brief history experience of the firm
A prospective JV partner can generate
sufficient financial resources to maintain the
venture’s effort
Created through a careful selection of people
who are to work in a JV provides mutual
bonding of partners
Working on openness and transparence build
trusts between partners, this would raise
morally of the work
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Communication/information
clarity
Roles/responsibility clarity

Commitment of the parties
Cooperative
members

between

Compatibility of Objectives

Interpersonal trust
Management control
Partner experience
Motivation for forming up
JV
fairness
integrate activities
Understanding culture of
other firm
Timely decision making
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Effective communication helps to reduce
difference between partners their culture and
way of doing work
Capitalized by knowing the compatibility of
partner’s
objectives,
and
trust
and
transparence, then, parties work on committed
way
Action of key decision regarding continuation
of relationships, acceptance of the joint goals
and the value of the partnership
A degree to which the partners share
responsibilities both for dealing with problems
and maintaining their relationships – they
share information and resources
Firms set to know each other’s objectives such
that, even if they differ, everyone sees its gains
as well as the gains to the colleague obtained
through a mutual commitment
contribute to implantation of strategy, greater
managerial coordination, and effective work
teams
Helps firms to synchronize activities
efficiently and effectively implement their
strategy
Attributes relating to more understanding,
competence and confidence in managing the
inputs of a JV
Motive behind deployment of JV will make it
success, e.g. shared risks, transfer of
technology, build own capability etc.
Relating to any decision made with any partner
member to be on a neutral ground, making
win-win to both parties
Work activities interrelate one another and are
other in parallel, their interrelationships
provides smooth work operatives
Culture as a way of doing thing reflect
uniqueness of individuals of firms – beliefs,
values, norms etc. must be considered and
respected
Once the fact about a particular event or a
direction towards a work to be done is
obtained, decision is to be made instantly
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Keys: A - Mba and Agumba (2018); B – Ayunyumu et al., (2021); C - Adnan and Morledge (2003);
D - Maro and Mnyigumbi (2019); E – Alashwal et al., (2017); E – Mikapagoro et al., (2018);; G Mba and Agumba (2018); H - Devapriya and Ganesan, 2002), I - Adnan et al., 2011.
2.4. A Need for/Motivations for Performing JV
Firms undertaking projects must be full of resources. Such resources include: financial, managerial
skills, plant and equipment, appropriate technology, employee skills and unskilled labour (Bennert,
2003; Blakck et al., 2005). While the way to manipulate each of these resources differ between
organizations, and also the fact that project operation environments differ, firms would require
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continuous learning facilitated by appropriate mechanism such as JV activities (Devapriya and
Ganesan, 2002). At the time the firms do not, or have partial resources, the performance situation
becomes poor (Jerger, 1961; CII, 1991). JV adoption helps the firms to work in great cooperation
while maximizing the extents of sharing truth, fair and collaboration (Kale et al., 2005) that
facilitates new lessons and transferring of the knowledge and expertise the firm doesn’t have, or
the firm has in partial. Researchers state that a firm can be motivated to undertake JV if it
understands its facets and benefits. JV benefits a firm through undertaking and transferring a
technology. The ‘technology’ refers to as the materials and processes used in transforming inputs
into outputs (Dawson, 2002). It is the knowledge and machinery that are needed to run an
enterprise (Omar et al., 2008). It is of three types: knowledge, skills and tools (Omar et al., 2008).
Knowledge has two parts, soft technology that covers explicit knowledge (e.g. meetings, seminars,
etc.) and tacit knowledge, such as viewing, on job training, etc. (Devapriya and Ganesan, 2002;
Kumaraswamy and Shrestha, 2002). Techakanout and Terdudomthan (2004) note that explicit
knowledge can be easily: coded, shared, transmitted, retrieved, reused, transferred in a formal way
or systematic language such as production of manuals, academic papers, etc. On the other side,
tacit knowledge is characterized by being difficult to codify, communicate, transfer, generally
exchanged through action, commitments and direct involvement e.g. face to face communication,
or on the job apprenticeship type of training (Ernst and Kim, 2002). Tools (hard technology) cover
machines, equipments, software, etc. The knowledge to be transferred therefore, relate to specific
skills, technical know-how, machinery use mechanisms, and capital machinery/equipment use
(Omar et al., 2008; Mba and Agumba, 2018).
2.5. JV Experience and Benefits of its Adoption
Over years, JV partnering seems to becoming widely applied within the construction industries in
the United States, the United Kingdom, Australia, and Hong Kong (Cheung et al., 2012). However,
it still remains in its low extent of adoption in countries from East-Asia, Africa – where Tanzania
falls in (Hong et al., 2012) and other European countries such as Sweden, Norway and France
(Alashwal et al. (2017). In the countries where it has a record of successful performance some
benefits are evident (Fong and Lung, 2007; Hosseinia; Black et al., 2005; Adnan and Morledge,
2003), that it: provides on-time and within-budget delivery, enhances communication, increases
the quality of the product and provides better customer satisfaction, increases productivity,
facilitates more innovation, increases flexibility, resolves problems between the participants,
transforms confrontational relationships into cooperative ones, establishes continuous
development, improves work environment and facilitates continuous improvement of quality.
2.6. Obstacles and Remedial Measures of JV Deployment
Firms may face challenges of implementing JV for different reasons and perspectives. Firms that
meet and work for the first time, therefore, a firm culture face hardship to change its operational
modalities; which may obstruct achievements (Adnan and Morledge, 2003). Other factors include:
unclear description and understanding of the goals of a colleague, difficulties in measuring JV
performance that have been constrained by disagreements on the comparability and reliability of
alternative performance measures and methods (Geringer and Hebert, 1991 in Hong and Chan,
2014), difficulties in meeting consensus on JV variables between the members, discontinuous
results - when a firm completes one project successfully, and rarely extends the lessons studied to
new projects (Adnan and Morledge, 2003). They also include, lack of: appropriate knowledge on
JV aims, commitments from one party, cooperation, management control, motivation for forming
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JV, modes of knowledge transfer, cultural understanding, amongst others (Chan et al., 2002; Fong
and Lung, 2007). Obstacles of JV deployment can be avoided when a firm has: good understanding
of the motivation derived by the benefits of its adoption, good preparation to undertake it, mutual
commitment in meeting the pre-set objective, amongst others (Kumaraswamy and Shrestha, 2002;
Adnan and Morledge, 2003).
A firm striving to undertake JV need to be aware that it aims to build its capability, and the fact
that such capability roots from planned efforts, commitment and efforts deployed through many
efforts, one of them is JV. Such elements include: selecting JV to partner with, commitment,
corporation, knowing culture of the partnering firm etc. the JV would only be successful if firms
are aware of the facets of technology to be transferred that gives a motive behind. They include
(Omar et al., 2008): knowledge, skills and tools.
3.

METHODOLOGY ADOPTED IN THE STUDY

Research Approach and Sample Size
The paper approach is descriptive and exploratory (Figure 3.1). In the Figure, the first four steps
exhibit descriptive feature and step five is of exploratory nature since it explores new phenomenon
resulting from descriptive study (Kothari, 2004). In descriptive study, the paper evaluated literature
to identify and describe JV elements, obstacles and motivations for adoption of JV. It identified
critical JV factors that were sent to the practitioners through a survey to solicit their opinions on
implementation of JV. The results help in the formulation of a JV framework.
Reviewed
work1

JV factors2

Framework for guiding
JV operation5

Critical JV factors3

Survey: (i) firms’ awareness with JV
elements (ii) obstacles of firms to deploy
JV (iii) motivation & benefits of JV to firms4

Conclusion and
recommendations6

Figure 3.1: Schematic Study Methodological Steps
There were no restrictions of the geographical location of the respondents and their sample sizes
because the insights sought are aimed to formulate a framework to be used by all local parties in
the country. The survey was targeted for the thirty contracting parties (consultant and contractors,
but, only 14 (47%) respondents were found (Table 3.1). The paper stems from the previous one
‘Minja et al., (2012)’ who reported 102 firms in Tanzania who had conducted JV projects from
the year 2007 to 2010 and identified in the literature in the country: Pins (2014); Kavishe and
Chileshe (2017); Maro and Mnyigumbi (2019). Non-probability sampling was used in the study
due to two reasons (i) sample could not represent the whole country; the issue was to meet study
aims and meet the constraint of economy and (ii) issues studied can be adopted by other firms to
deploy JV (Kothari, 2004; Bernard, 2006). A sample size used was sufficient because the
characteristics of studied firms are similar to other firms. The collected data is mainly quantitative;
therefore, results would be generalized. Information obtained were described to help identify
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insights for determination of exploratory materials to formulate a framework for guiding JV
performance.
Table 3.1: Number of Questionnaire Distributed and the types of Firms involved
Category of firm
Contractors
Consulting firms
Total
4.

Dar es salaam
8
5
13

Mbeya
6
3
9

Geita
5
3
8

Total
19
11
30

STUDY FINDINGS

4.1. General
Local construction organizations (contractors and consultants) in Tanzania are characterized by
incapability of construction project performance. The recent (in 2018) project share by value taken
by local firms was 36.6% against 63.4% picked-up by their foreign counterparties. Although there
is variety of approaches to enhance building capabilities, this study considered JV as appropriate
route. The study evaluated JV elements in literature and solicited them through a questionnaire
survey; i.e. the firms’: awareness, obstacles/hindrances to pursue JV and their motivations to
pursue JV. Such insights helped to formulate a JV model to guide firm’s growth.
A number of questionnaires distributed and collected per three study regions are summarized in
Table 4.1. Out of 30 distributed, 10 (53%) from contractors and 4 (36%) from consultants giving
a total of 14 (47) were responded. Other JV studies, for example, Adnan and Morledge (2003) and
Mba and Agumba (2018) had response rates of 20% and 28.5% respectively and continued with
data analysis. Therefore, the current study with a response rate of 47% that is higher than the
quoted studies permit data analysis process to proceed.
Table 4.1: Number of Questionnaire Distributed, Types of Firms and Respondents
Firm
Category
Contractors
Consulting
firms
Total

Dar es salaam

Mbeya

Geita

Total

Distributed Collected Distributed Collected Distributed Collected Distributed Collected
8
4
6
4
5
2
19
10 (53%)
5
2
3
1
3
1
11
4 (36%)
13

6

9

5

8

3

30

14 (47%)

The questionnaire was divided in three parts: general information, likert scale (closed) and brief
explanation questions. Results and discussions is as follows:
4.2. Respondents Profile
The respondents targeted were only registered contractors and consultants since they are the main
parties into a project. Consultant designs and supervises projects and contractors execute it. The
expertise involved were those in the managerial positions: site agents, firm owners and site
managers since they are the ones who decides their firms to either deploy JV project or not; and
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modality of its implementation. Their careers were civil engineers, architects and quantity
surveyors; these are ones with construction knowledge and are involved in the day to day project
operations. The firms used were those with more than eight years experience in the construction
business.
4.3. Elements of JV, Hindrances to Implement JV and Motivations for Adoption
Five questions were posed in this research to determine (i) critical JV factors (ii) if firms are aware
with the JV performance factors (iii) reasons that obstruct deployment of JV (iv) motivational
factors for deploying JV and (v) framework to guide local firms implement JV. While the first four
questions follow a response of practitioners, question five is formulated by the researcher based
on data analyzed.
4.3.1

Critical JV Performance Factors

The critical JV factors as are widely accepted in literature (see Table 2.1), they include:
comprehensive and fair written agreement; Risk share between parties; JV partner selection;
Mutual understanding; Communication clarity; Commitment of the parties; Cooperation between
members; Compatibility of Objectives; Interpersonal trust; Motivation for forming up JV; and
Understanding culture of other firm. These factors were solicited by the firms in a survey on their
extents of familiarization and use.
4.3.2 Awareness of Firms on the Elements of JV
Ten (10) attributes were used, where respondents were to indicate the extent to which adoption of
a factor improves a project and contribute to a firm’s growth (Table 4.2). Idea was that if a firm is
aware that a JV factor can attribute to project improvement and a firm’s growth, such a firm is
familiar with it (a JV factor). The results of fourteen respondent firms are summarized in Table
4.2 and Figure 4.1.
Table 4.2:

Firms’ Responses on Elements of JV Contributing to Project Performance
Improvement and a Firm’s Growth

s/n Use 5 point scale [where 1 translates as strongly disagree to 5 – strongly
agree] to indicate the extent to which each of the following factors
improves project performance and creating specific firm’s growth. 1
Please, put a tick on a right cell as appropriate:
1
When two or more firms plan, set and implement a common agreed project goal, this improves project performance and creates specific firm’s
growth
2
When workers of two firms use ‘team building based on trust’ to implement a tasks, this improves project performance and creates
specific firm’s growth
3
When two firms work on a single project at a ‘structured fashion, yet uses open and flexible communication flows, this improves project
performance and creates specific firm’s growth
4
When employees from two firms working on a single project deploy high commitment on job, this improves performance and creates specific
firm’s growth
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Scores

MS X Resp.
%
Resp. scores Score
2 3 4 5 5
100/100 100%
- 4 4 6 70

58/70

.83

- 2 5 7 70

61/70

.87

- 1 5 8 70

63/70

.9

1 1 8 4 70

57/70

.81
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5
6
7
8
9

When employees from two firms work on a single project, each of them - 1 2 6 6 70
62/60 .89
getting the share of his/her efforts fairly, this improves project
performance and creates specific firm’s growth
When employees from two firms working on a single project are shaped - - 4 8 4 70
64/70 .91
to be responsive to problems they encounter, this improves project
performance and creates specific firm’s growth
When employees from two firms that work on a single project are shaped - - 1 8 5 70
62/70 .89
to continue evaluating and giving joint solutions to problems, this
improves project performance and creates specific firm’s growth
When two or more firms integrate together their project activities to share - 1 3 6 4 70
55/70 .79
the resources, this improves project performance and creates specific
firm’s growth
When employees from two firms that work on a single project benchmark - - 2 7 5 70
59/60 .84
activities, this improves project performance and creates specific
firm’s growth
When two firms are working on a single project implement the feedback - - 2 5 7 70
61/70 .87
to a new ones, this improves project performance and creates specific
firm’s growth
Average
86%
Key: MS – Maximum score, res. - respondents

Responses Scores in %

10
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92%
90%
88%
86%
84%
82%
80%
78%
76%
74%
72%

91%

90%

89%

89%

87%

87%
84%

83%
81%
79%

Figure 4.1: Response of Firms on JV Contributing to Project Performance and Firm’s Growth
From Table 4.2, the attribute ‘When employees from two JV firms work on a single project are
shaped to be responsive to problems they encounter’, this improves project performance and
enhances a firm growth, was ranked first with a response rate of 91%. The attribute ‘When two
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firms works on a single project at a ‘structured fashion, yet uses open and flexible communication
flows’, this improves project performance and enhances the firm growth, was ranked secondly
with a response rate of 90%. The attribute ‘When employees from two firms work on a single
project, each of them getting the share of his/her efforts fairly’ this improves project performance
and enhance firms growth was ranked third with a response rate of 89%. Generally all fourteen
respondents involved are aware of the elements of JV as they had an average of 86% score rate.
Since firms indicate that they are aware of the JV elements but do not undertake it, reasons for
hindrances were necessary to be sought.
4.3.3 Responses of issues that Obstruct Firms to Perform JV
Eight (8) attributes were used, where practitioners were asked to determine the extent to which
such attributes obstruct or cause them not to deploy JV. The extents to which attributes obstruct
adoption of JV project was responded by the firms at the perspectives of not completing projects
efficiently. Results for fourteen respondent firms are summarized in Table 4.3.
Table 4.3: Responses on Factors that Obstruct local firms to deploy JV Projects
Use 5 point scale [where 1 – strongly disagree to 5 – strongly agree]
to indicate the extent of agreeing or disagreeing with the factors
given.
1

Firms hesitate to engage with Joint Venture (JV) projects
because of not knowing its benefits
2 Trust – a firm/person you had never work with (not knowing each
other) may attribute to the JV successes
3 Individuals from one of the JV firm may not commit to the work;
thus, leaving more burden to the other party that obstruct JV
initiative
4 Payment distributed unfairly to individuals may obstruct JV
adoption
5 Project activities are difficulty to divide and assign to employee
fairly; this obstruct JV deployment
6 Difficult to know a honest/trust firm when on financial issues
obstructs JV adoption
7 JV conditions set by the regulatory boards are hard to implement,
they attribute to JV deployment hardship
8 Since firms are in different levels of operation capability, this
creates a challenge on how to share the risks and opportunities;
thus obstructing JV performance issue
Average factors

Scores
1
-

2
-

3
2

4
6

5
6

MS
X
Resp.
70
70

-

-

3

6

5

70

58/70

.83

-

-

3

5

6

70

59/70

.84

-

-

2

5

7

70

61/70

.87

5

5

4

70

56/70

.8

1

Resp.
scores

%
Score

100%
60/70

1.00
.86

-

-

3

5

6

70

58/70

.83

-

2

4

6

2

70

50/70

.71

-

-

4

5

5

70

57/70

.81
82%

From Table 4.3, the attribute ‘if payment to individuals in two firms engaging with JV project is
unfairly distributed’, this creates hindrances to JV project implementation was ranked firstly with
a response rate of 87%. The attribute ‘Firms usually hesitate to engage with joint venture (JV)
projects because of not knowing its benefits’, this creates hindrances to JV project implementation
was ranked second with a response rate of 86%. The attribute ‘if individuals from a particular firm
do not commit to the work; thus, leaving more burden to the other party’, this creates hindrances
to JV project implementation was ranked third with a response rate of 84%. Generally all fourteen
respondents involved agree on all outlined factors that they obstruct firms to implement JV with
an average score of 82%. Some factors obstructing JV (e.g. risk relating to antitrust, financial,
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unclear activities of the large scale project etc.) as responded by the practitioners concur with other
researchers (Lu et al. 2020). Other obstacle factors mentioned are incompatible organizational
culture, inconsistent management styles and different organizational policies.
Interviewing one respondent, a ‘consulting firm in Dar es salaam’ ‘would you state why
many local firms had not or had failed to implement JV project’, the respondent had this to
say, “We had never seen a direct benefit of the firms who performed JV previously.” Further
saying, “there are firms in Tanzania who had practiced JV, but the JV project related benefit is
not seen.” Such a statement, can perhaps be related with the information presented previously in
this study that had showed a very small number of firms (107) who registered JV studies. The fact
is that from that list, no single firm is recorded to have undertaken JV successfully. Mselle (2014)
advocated JV/partnering or technology transfer studies requirements in the country.
4.3.4 Responses on Motivations for Firms to performing Joint venture
Five (5) attributes were used to study motivations of firms in engaging with the JV. The extents to
which the proposed attributes motivate adoption of JV project as responded by the firms are
presented. Results are summarized in Table 4.4.
Table 4.4: Motivations of Firms to performing JV Projects
s/n Use 5 point scale [where 1 – strongly disagree to
Scores
5 – strongly agree] to indicate the extent to
which each of the following factors motivate
firms to perform joint venture (JV) projects. 1 2 3 4
Please, put a tick on a right cell
1
Joint venture lessons/concepts need to be trained
2 6
to the firms to widen their awareness
2
Burning punishment need to be set and given to 1
1 5
firms/individuals who work contrary to the JV
agreements
3
The clients should make it mandatory for 1 2 1 4
majority of projects to be implemented through
JV approaches
4
A firm with high frequencies of performing JV
1 5 8
should be given priority of new bid projects
5
Firms with high frequencies of pursuing JV
2 7
should be recognized and rewarded

MS Resp.
%
X
scores Score
Resp.
5 70
1.00
100%
6 59/70 .85

85%

7 61/70 .86

86%

7 59/70 .84

84%

2 59/70 .84

84%

5 59/70 .84

84%
84%

From Table 4.4, the attribute ‘Burning punishment need to be set and given to firms/individuals
who work contrary to the JV agreements’, this creates motivations to firms to pursue JV project
was ranked first with a response rate of 86%. The attribute ‘Joint venture concepts need to be
trained to the firms’ (beneficiaries) to widen their awareness’, this creates motivations to firms that
engage with JV project implementation was ranked second with a response rate of 85%. Generally
all fourteen respondents involved agree on all five outlined factors that they create motivations to
them on implementing JV project with average score of 84%. The motivation factors posed here
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stand at the eye of the regulator – to enforce the law of implementing JV due to its potentials. To
a large extent, the responses by practitioners concur with other studies e.g. Babar (2016). The
author posed the motivational factors as, it helps firm: small and medium ones to win tenders,
decrease cost, share risks, expand markets, transfer technology, learn management skills, and
undertake large projects.
4.3.5 Awareness of JV by the Firms
A question was given to respondents on whether they are aware and recognize the term ‘Joint
Venture’ or not, and if ever they heard it to state from which source. In results, all respondents
agreed that they had already heard the term Joint venture. The sources to which they heard this
terminology differ. Four respondents heard the term ‘JV’ from the conferences they attended, five
respondents heard it from fellow firms, two of them heard from Contractors Registration Board
(CRB) and three respondents did not respond to this question.
Respondents who heard the term JV from the conference stated that this was a remark made by
one of the conference participant raised as a means to help small and medium firms increase project
shares. Those who heard from friends, it appeared as a tool to help them to obtain/win a tender.
Those who heard from CRB, such respondents and other colleagues were advised by a CRB
member to engage with JV as it has benefits of sharing resources. This shows that the respondents
are aware of the term JV. One can conclude that what they lack is full knowledge of JV benefits,
elements, sensitization and perhaps a holist tool to guide JV implementation.
4.3.6 Why Firms could not engage with the JV Project
Drawing from the previous question, the follow-up question was ‘if firms were aware with the
term JV why they could not plan and implement it’. Varying responses were given as summarized
in Table 4.5
Table 4.5: Responses on why Firms did not Implement JV Project
Posed question
The firm was
asked if it
was/is aware of
the term ‘JV’
why it did not
plan
and
implement
it
(JV)?

Responses
We were not aware of the benefits the JV offers
We hesitated to work with new firm(s), new employees;
risk of sharing resources
No reason (a contractor said); but we thought JV is for large
class level contractors
Lacking trust to other firms since we are not familiar with
one another
No response was given

Number of firms responses
One contractor
three contractors; one consultant
One small contractor
One contractor
Six firms did not respond to this
question

From Table 4.5, it appears that majority of firms 6 out of 14 (43%) did not indicate why they do
not implement JV although, initially, only three of them also did not respond about recognition of
the term. One firm noted that he was not aware of JV benefits; the other respondent thought it is
for large class levels, and the other one lack trust from colleagues. All these reasons and those that
gave no reason show the requirement of further training and sensitization on JV facets. A
framework to guide local firms implement JV is presented next (this was also a question based in
this research).
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4.4. A Framework to Guide Implementation of JV performance by the local Firms
Drawing from the critical review of the literature, survey and interviews conducted, a framework
for guiding implementation of JV by the local firms is proposed in Figure 4.2. The framework has
five steps to be implemented stepwise starting from top to bottom part (brief description follows):
Step 1: Defining firm’s Own Capability and Current Status
Any contracting firm striving to grow in business should recognize its performance capability. The
fact that the performance capability focuses on the importance of how the firm learns and
orchestrates assets in a way that market cannot replicate. It explains that technology and knowhow result from value creation activities, including search, learn, research and development and
managerial action that is practiced (Teece, 2017). The capability therefore need to be planned,
built and firm ensures that it is guided for sustenance. As such, firm’s targeting to build own
capability should firstly realize the potential for managing a change process. In this regard, a
capability change initiative is through engagement with the JV. Therefore, the firm should question
whether it had pursued JV previously or not. The fact is that whether or not the firm had already
undertaken JV previously, no successful result is observed; as such, the firm should plan from the
scratch to start JV journey. To start JV, preparation effort is of paramount importance (Chan et al.,
2002).
Step 2: Assessing Firm’s Needs to Change and Prepare to Conduct JV
Vaidya (2009) states the necessity of making preparation before embarking to the JV initiative,
that it helps to set targets for the effort, example the benefits relating to the shared risks and the
technology to be transferred. Preparation also helps to avoid or reduce chances of JV failure
implementation (Markino et al., 2007). In this part, the study had built-in a work done by
Akunyumu et al., (2021) who identified four variables of preparatory readiness to conduct JV,
firm’s readiness on: (i) management (ii) process (iii) people and (iv) technology. Management
readiness –a critical element that leads to the adoption of JV issue by carefully orchestrating
business strategy (Ruikar et al., 2006); process readiness relate with firm streamlining its business
process indicating how it functions and the attributes to be altered such as people, tools and
procedures towards achievement of the goal (Ruikar et al., 2006); technology relate to information
technology (hardware and software) usage and its availability as well as the focus set for the
technology transfer component; people readiness relate with social and cultural aspects - attitudes,
outlook and feeling.
Step 3: Examining JV Tenets
A firm striving to perform JV must firstly understand its fundamental attributes that include
meaning, benefits, experience of use, elements, obstacles and motivational factors. These attributes
would help undertake the project successfully and avoid any pitfalls. Firm shall recognize that by
engaging with the JV, it is focusing to a shared commitment so as to achieve objectives and
maximize effectiveness of each participant. Taking a note also that JV had been successfully
achieved elsewhere by helping them decrease cost, share risks, expand markets, transfer
technology, learn management skills, execute large projects etc. these facets appear as the JV
benefits as well as motivation to a firm to undertake JV. The JV elements must be focused on
including the following: ensuring to have clear, comprehensive and fair written agreement,
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knowhow of the risk activities to be shared between the parties, clear picture of the JV partner to
be selected for the sake of working together, mutual understanding between employees on both JV
partners and the associated activities, communication/information clarity Commitment derived by
each partner, cooperation between members strengthened, ensured compatibility of the objectives,
allow interpersonal trust, understanding and respect culture of each partnering firm. Failure to
recognize and implement each partnering element positively, example, one party not committing
to the work, this creates a failure of the JV initiative.
Step 4: Firm Implementing JV Project
To implement JV the firm should revisit the previous stages, defining a need to develop its
capability, review firms’ preparatory variables: management, process, people and technology.
Firm also should establish and be aware with the JV facets: meaning, benefits, experience of use,
obstacles and remedial measures, motivation/success factors and JV elements. To implement JV,
partners should be careful on selecting a JV partner, evaluating critically the contract and ensure
all employees are aware of the overall JV issues. Firm also ensures to commitment with the job,
share risks, whenever there are misunderstanding both firms stand to solve amicably, amongst
others.
Defining capability and current status – not or practiced JV partially
Assess firm’s needs to change and prepare to conduct JV
Examine JV tenets -meaning, benefits, experience and elements,
obstacles and motivational factors
Firm implement JV project
Record JV performance results and continuous improvement

Figure 4.2: A Framework to Guide Implementation of JV to Local Firms
Step 5: Firm recording JV Performance Results and Continues in Improving Performance
This phase has a number of steps (i) conducting continuous learning and benchmarking in which
issues should be learned between employees or from best practices and then benefit with new
lessons (ii) Training – on job training, formal training and participatory in seminars (iii) Planning
and setting funds to manage changes after JV – this is done through planning, acquisition and
management of cash flows (Zigiaris, 2000) and (iv) Recruiting, retaining and recognizing
manpower competencies (v) Maintainining records: Firms systematically record and store up to
date information (Rivard, 2003).
5.

CONCLUSIONS AND RECOMMENDATIONS

Construction organizations in Tanzania record poor project performance in terms of time overrun,
cost overrun as well as dissatisfaction on quality of the works. The poor project performance is
attributed to the incapability of the main parties involved in the project performance. This paper
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evaluated literature of the facets of JV and identified critical JV factors. They included, firms
ensure to have: comprehensive and fair written agreement; risk share of activities, select right JV
partner, mutual understanding, communication/information clarity; commitment to the works,
cooperation between members, compatibility of objectives, interpersonal trust amongst others.
Through a questionnaire survey and interview conducted in three regions (Dar es Salaam, Geita
and Mbeya) firms were studied on the awareness, elements, motivation and obstacles of deploying
JV. A response of fourteen firms (47%) was obtained and used. In results, the firms (86%)
indicated that they are aware with the potentials of JV elements in contributing to project
performance improvement and to a firm’s growth. Additionally, respondents (82%) agreed on the
factors that hinder JV performance as they hinder project successes. Also, 84% respondents agreed
on the proposed factors for motivating firms to undertake JV effort. The observed factors that
hinder JV project include: fearing involvements of new individuals of the JV partner, and difficulty
to measure JV performance. Motivation to undertake JV include: chances for small and medium
firms win the project is high, JV helps lower operative cost, risk sharing, and technology transfer
amongst others. Results from reviewed work, questionnaire survey and interview helped to
formulate a framework for guiding JV implementation by the local firms. The framework has five
steps: step one: defining firm’s capability and current status, step two: examining firm’s readiness
to perform JV, step three: examining JV facets, step four: firm implementing JV initiative, and
step five: firm recording results and making continuous improvement process. Local firms are
urged to implement the proposed framework and benefit. In future work, the framework should be
validated and results measured for sustaining firm’s growth.
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