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Abstract

In this paper, the energy 
and exergy analysis of 

a flat plate collector solar 
water heating system is 
presented and the system’s 
performance is evaluated 
with different variables. 
The experimental setup
consisted of a commer-
cially available pump-
assisted solar water heating
system with sensors pro-
vided to note down various temperature and flow 
readings. Performances of the flat plate solar water 
heater are studied with the changing mass flow rate,
radiation level, plate temperature and ambient tempe-

rature. Exergetic perfor-
mances of the collector 
are also evaluated with 
various input parameters. 
Maximum collector effi-
ciency obtained is 70%.
The exergetic performance 
of a flat plate based solar
water heaters is better with 
respect to solar radiation 
levels in terms of higher 
exergetic efficiency recor-
ded.

Keywords: Ambient temperature, Collector efficiency, 
Exergetic efficiency, Flat plate collector, Fluid inlet 
temperature.

Energy and Exergy Analysis 
of a Flat Plate Collector

Solar Water Heater 
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1. Introduction

A solar water heater is often seen as a product that 
enhances people’s lives and sense of well being by 
providing environmentally friendly energy. As the sun 
represents the best and most stable energy resource 
available, harnessing the sun as a clean and renewable 
source of energy has proven to be a challenge over the 
centuries. In modern times, this resource has lagged 
behind in favor of other technologies that are easier to 
commercialize and capitalize on. In areas where solar 
irradiance is high and other sources of water heating 
systems are not feasible, solar water heaters are the only 
option left. Solar thermal technologies hold significant 
promise for India with a high solar insolation of 46.5 
kWh/ m2 /day for an average of 280 sunny days. The 
solar water heating system is a commercially viable 
and technologically mature product which has existed 
in the country for many years. Yet, out of a technical 

potential of 45 million sq. km. of collector area, only a 
little over 2.5 million sq. km of the collector area has
been fitted. This works out to a little more than 2 m2/1000 
people compared to countries such as Israel and Cyprus 
which have over 500 m2/1000 people.

In India, and due to the limited resources and income of 
poor rural households, most families rely on fuel wood 
collected by women from nearby forests. Fuel wood 
is burnt in the traditional open cooking stoves used 
for heating water, cooking food, and for keeping the 
house warm. In fact, in many households in hilly areas, 
people sit in the kitchen for most of the day because it is 
cold in the rest of the house. What people are unaware 
of is that smoke emanating from these open fires is 
harmful for their health. It is also an additional burden 
for women who spend several hours a day collecting 
wood. Most importantly, high dependence on fuel 
wood poses a potential ecological threat to the region. 
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Solar water heaters are a solution to these problems and 
their use will mitigate household emissions.

The solar water heating system (SWHS) is one of the 
simplest applications to convert sun radiation into heat.
It has been established that investment in solar water 
heaters pays itself back in 4 to 5 years through saved 
electricity costs and thereafter hot water becomes 
available for free for the equipment’s lifetime of more 
than 15 years. Solar water heating systems are widely 
used for domestic hot water, space heating/drying and 
for applications requiring fluid temperature lower than 
100°C. This system is a combination of various sub 
systems (collector, storage tanks, fluid distribution 
systems, fluid control and transport systems). Flat and 
concentric plates are the two most commonly used 
types of collectors in water heating systems.Flat plate 
collectors absorb direct beams, diffuse solar radiation 
and are suitable for applications requiring moderate 
temperatures in the range of 50-100°C above ambient 
temperature. They are usually fixed at an angle equal to 
the latitude of the location and the mechanical structures 
are simple since tracking is not required, which again 
translates into little or no maintenance.

As its name implies, a solar flat plate collector has a 
surface exposed to the sun in the shape of a flat plate. A 
flat plate solar collector comprises a transparent cover, 
an absorber plate, an insulation layer and an outer 
covering. The absorber plate is exposed to the sun and 
gets heated up by absorbing solar radiation. Tempered 
glass is used to prevent the absorber’s direct contact 
with atmospheric air and the loss of heat to the air by 
way of convection, while allowing solar radiation to 
reach the absorber’s surface. The collector box holds 
the glass in place and is insulated from all sides to 
prevent heat loss due to conduction. The bottom header 
is used for the flow of cold water into the collector, 
whereas the top header is used to take away the hot 
water. The top and bottom headers are connected by a 
number of copper tubes. These tubes are called risers. 
Air is present in the space between the metal absorber 
and the transparent cover. The flat metal plate absorbs 
solar radiation, converts it into heat and transfers the 
heat into fluid. 

The collector’s efficiency is dependent on the tempe-
rature of the plate which in turn is dependent on the 
nature of fluid flow inside the tube, solar insolation, 
ambient temperature, top loss coefficient, emissivity of 
the plate and glass cover, slope, etc. Figure 1 shows 
across sectional view of the FPC used in this experiment. 
Temperature between 40-700°C can be easily attained 
from FPC. The plate absorbs sun radiation and transfers 
it to the fins attached to it. Extensive investigations have 
been carried out on the optimum design of conven-
tional and modified solar water heaters, in order to 
search for efficient and inexpensive designs suitable 
for different practical applications. In the existing lite-
rature, some work on energy and exergy analysis of 
flat plate solar water heaters is reported. Luminosu and 
Fara[1] studiedthe optimal operation of the flat plate 
solar collector and finally gave some useful results for 
a typical water heating system under given operating 
conditions. More works in this field can be found 
in literature [2-8]. In this paper, energy and exergy 
analysis of a flat plate solar water heater is conducted 
with various input parameters.

2. Experimental Setup

Figure 2 shows a schematic diagram of the experimental 
setup of the solar water heating system components and 
the position of the thermocouple sensors. Parameters 
measured include ambient, inlet, outlet, collector plate
temperatures, water mass flow rate, inlet and outlet 
water pressure and water temperature in the storage tank. 
The water heater uses a flat plate collector connected 
to a water tank.To investigate the performance para-
meters of a closed loop system, indoor tests were 

Figure 1. Cross sectional view of FPC
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performed under different operating conditions in 
forced circulation mode. The performance coefficients 
obtained under laboratory conditions can be extended to 
estimate performance under actual operating conditions. 
The detailed specifications of the data for solar water 
heater considered in this study are given in Table 1.

To study the effect of various performance parameters 
the cold water tank is filled with water and the pump 
is switched on. The pump speed can be regulated 
through a regulator provided on control panel. The flow 
rate of 1 litre per minute (LPM) is fixed through the 
regulator. Once we obtain a stable flow rate reading, all 
temperature values are noted down. Then the halogen 
system is switched on and acts as a light simulator, 
with the possibility of adjusting the light intensity from 
the regulator. To study the effect of the heat flux on 
the mass flow rate and heat transfer rate to fluid, the 
intensity is adjusted in the range of 200 to 1200W/m2 
with the dimmer stat located on the control panel. 

The control panel comprises a pressure indicator, 
flow meter, a power switch, and a digital temperature 
indicator. Different thermocouples fixed on the fin 
tube assembly are connected to the indicator panel 
suitably by means of a connector. The temperatures 
from different thermocouples are noted manually at 
specified time intervals until steady state values are 
recorded. Water intensity is measured by a flux meter. 

As time passes, the plate’s temperature and the water 
temperature will start to rise. Values are recorded for 
radiation levels of 200,400,600,800,1000,1200 W/m2 
at flow rates of 1, 2, 3, 4 LPM. Hot water can be drawn 
from the hot water storage tank for further application. 

3. Performance Analysis

The performance of a solar water heating system depends 
on different design and atmospheric conditions. The 
significance and dominance of some of the parameters 
is described below:

a. Overall Heat Loss Coefficient (UL)

The heat generated by the collector does not translate 
into useful energy in its entirety. Some of the heat is lost 

TABLE 1. Detailed specification of solar water heater system

915×810×95 mm

13 kg

0.63 m2

Toughened Glass

5 mm

85 %

88%

Copper

0.12 mm

115 mm

12%

96%

Rockwool

0.04 W/mK

50 mm

25 mm

Non- Pressurized

SS-304

PUF

Overall collector dimension

Weight of collector

Aperture Area

Glazing 
Glazing Type

Glazing thickness

Glazing transmission

Glazing emissivity

Absorption Plate
Absorber Material

Absorber Plate thickness

Absorber Plate Dimension

Emissivity

Absorption

Insulation
Insulation material

Conductivity

Insulation thickness- Base

Insulation thickness- Side

Storage Tank
Tank type

Tank material

Tank insulation

Overall Data

Figure 2. Experimental setup

Control 
Panel→
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into the surroundings. The amount of heat loss depends 
on the collective convective, conductive and radiation 
heat losses. Calculating the heat loss coefficient for 
the flat plate collector is important for its performance 
evaluation. A higher value of heat loss coefficient 
indicates lower heat resistance and hence lower effi-
ciency. The top heat loss coefficient is function of 
various parameters that include temperature of the 
absorbing plate, ambient temperature, wind speed, 
emissivity of the absorbing and cover glass plates, tilt 
angle etc. UL is a complicated function of operating 
conditions. In simple terms, it can be expressed as:

Where Ut = Top loss coefficient
Ub = Bottom loss coefficient
Ue = edge loss coefficient

According to Klien, the top loss coefficient can be 
found by following formula:

Where C = 365.9 (1- .00883β+ .0001298β2)
f = (1+ .04ha-.005ha

2 )(1 + .091N)
ha=5.7+3.8v

Heat loss from the bottom of the collector is first 
conducted through insulation and then by combined 
convection and infrared radiation transfer to the 
surrounding ambient air. However, the radiation term 
can be neglected as the temperature of the bottom part 
of the casing is very low. Moreover, the conduction 
resistance of the insulation behind the collector plate 
governs the heat flow from the collector plate through 
the back of the collector casing. Heat loss from the back 
of the plate rarely exceeds 10% of the upward loss, so if 
we disregard the convective term there will be no great 
effect on the final result. To calculate the bottom loss 
coefficient we used the following formula

Typical values of back surface heat loss coefficients 
vary from 0.3 to 0.6 W/m2K.

Similarly, the heat transfer coefficient from the collector 
edges is obtained by using the following formula

b. Heat Removal Factor (FR)

This is a ratio of actual useful energy gain to the useful 
energy gain if the entire collector were at the fluid inlet 
temperature. It depends on factors such as inlet and 
outlet water temperature, ambient temperature, area of 
collector etc. The importance of the heat removal factor 
remains with the efficiency of the system. For a highly 
efficient system a high value of heat removal factor is 
a must.

Mathematically

c. Collector Efficiency

Efficiency is the most important factor of a system. 
The measure of the flat plate collector performance 
is collector efficiency (η) defined as the ratio of 
useful energy gain (Qu) to the incident solar energy 
over a particular time period. The efficiency value is 
dominated by parameters such as the glazing product 
transmittance and absorbing plate’s absorptance, inten-
sity of the global radiation falling on the collector, 
water inlet temperature and ambient air temperature.

Collector efficiency is calculated using the following 
equation:

d. System Efficiency

System efficiency is calculated as (Sukhatme, 1998; 
Duffie and Beckman, 2006):

(1)

(3)

(2)

(3)

(4)

(5)

(6)
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(7)

4. Exergy Analysis

Exergy efficiency is the second law efficiency that deals 
with the quality of energy or degradation of energy 
during a process. In order to conduct a qualitative 
analysis of the system and determine its thermal 
capabilities in terms of work, performing an analysis 
based on the second law of thermodynamics seems 
to be essential. Exergy analysis of the water heater 
system is conducted to find out exergetic efficiency 
and exergetic losses. Exergy is also a measure of the 
maximum work that can be done by the system in a 
particular environment. The exergetic analysis of a 
solar water heater is based on the three-procedure the 
or represented in Figure 3. A three-procedure theory 
shows that the energy conversion procedure takes 
places at the sun while the energy recycling procedure 
takes places between the collector and the storage tank.

The exergy balance equation for this model is:

For the collector:

Where EX  Sun is exergy from sun (input power)(W), 
EX (T→C) isexergy from the storage tank to the collector 
associated with the water recycle(W), EX  loss (C) is the 
exergy losses due to imperfectly thermal insulation 
in the collector (W), EX C→T is exergy from collector 
tostorage tank (W).

For the storage tank:

Where EX loss (T) presents exergy losses due to imperfectly 
thermal insulation in the storage tank (W), EX T→U is 
exergy from storage tank to user (output exergy)(W), 
EX T is exergy losses due to irreversibility in storage 
tank. Assuming linear temperature distribution in the 
storage tank and height of storage tank L, the exergy to 
user EX  T→U can be calculated as:

Performance analysis of commercially available solar 
water heating systems is carried out under laboratory 
conditions. Variations in collector efficiency are studied 
with changing radiation level and plate temperature as 
shown in Figure 4(a-b), whereas the effect of mass 
flow rate on outlet water temperature is shown in 
Figure 4(c). It is observed that the collector efficiency 
increases monotonically with increase of radiation 
level, but decreases with increase of plate temperature 
due to greater losses from the plate. Further there is an 
optimum value of the mass flow rate at which outlet 
temperature is at its maximum. Maximum collector 
efficiency is 70%, which is obtained for a solar radiation 
of 1200 W/m2 (Figure 4a) whereas with respect to the 
plate temperature, it is only 61.2% (Figure 4b). The 
highest outlet water temperature is 680 for a mass flow 
rate of 0.5 liters per minute (Figure 4c).The effect of 
radiation level, fluid inlet temperature and ambient 
temperature is studied on exergetic efficiency as shown 
in Figures 5(a-c). Maximum exergy efficiency is 6.5% 
at 1200 w/m2 and decreases at lower radiation levels 
(Figure 5a). Increasing the fluid inlet temperature 
increases the exergy efficiency but there is an optimum 

Figure 3. Exergyflow diagram

(8)

(9)

(10)
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point for the fluid inlet temperature beyond which 
exergy efficiency decreases quickly (Figure 5b). The 
highest exergy of 3.8% is obtained at a fluid inlet 
temperature of 3100K. The exergy efficiency decreases 
monotonically as the ambient temperature increases. 
The highest is only 3.8% at an ambient temperature of 
3000K. Thus, the exergetic performance of the flat plate 
based solar water heater in terms of efficiency is more 
with higher solar intensity.

Figure 4(a). Effect of solar radiation on collector efficiency

Figure 4(b). Effect of plate temperature on collector efficiency

Figure 4(c). Effect of mass flow rate of water on collector efficiency

Figure 5(a). Effect of solar radiation on exergetic efficiency

Figure 5(b). Effect of fluid inlet temperature on collector efficiency

Figure 5(c). Effect of ambient temperature on collector efficiency
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Conclusion

From this study, the following conclusions are drawn:

a) The maximum collector efficiency is 70%, which is obtained for a solar radiation of 1200 W/m2.

b) Energy performance confirms that the maximum fluid outlet temperature of 680 is obtained for a flow 
rate of 0.5 liters per minute.

c) The exergetic performance of the flat plate based solar water heater is better with respect to solar radiation 
levels in terms of higher exergetic efficiency. However, it is lower with respect to fluid inlet temperature 
and ambient temperature.

[1] Luminosu I., Fara L., Determination of the optimal operation mode of 
a flat solar collector by exergetic analysis and numerical simulation. 
Energy 2005:30: 731-47.

[2] Dutta Gupta K.K., Saha S.K., Energy analysis of solar thermal collectors. 
RenewableEnergy and Environment 1990:283-7.

[3] Bejan A., Keary D.W. and Kreith F., Second law analysis and synthesis of
solar collector systems. Journal of Solar Energy Engineering 1981:103:23-8.

[4] Suzuki A., Okamura H., Oshida I., Application of exergy concept to 
the analysis of optimum operating conditions of solar heat collectors. 
Journal of Solar Energy Engineering 1987:109(4):337-42.

[5] Liu Geng, Cengel Y.A. and urner R.H.,Exergy analysis of a solar heating 
system. Journal of Solar Energy Engineering 1995:117:249-51.

[6] Torres-Reyes E., Cervantes de Gortari J.G., Ibarra-Salazar B.A., and 
Picon-Nunez M., Adesign method of flat-plate solar collectors based on 
minimum entropy generation. Exergy 2001:1(1):46-52.

[7] Tyagi S.K., Shengwei Wang, Singhal M.K., Kaushik S.C. and Park 
S.R., Exergy analysis and parametric study of concentrating type solar 
collectors. International Journal of Thermal Sciences 2007:46:1304-10.

[8] Badescu Viorel, Optimal control of flow in solar collectors for maximum 
exergy extraction.International Journal of Heat and Mass Transfer 
2007:50:4311-22

References



99

Abstract

The Savonius wind tur-
bine is a VAWT (Ver-

tical Axis Wind Turbine)
type used for extracting
wind energy. Aerodyna-
mically, it is a drag type 
device with two buckets 
in the shape of a Sin cross 
section. It is simple in 
construction, self-starting 
with a high starting torque,
inexpensive and can ac-
cept wind from any di-
rection without any orien-
tation. These multiple ad-
vantages have prompted 
us to carry out the present 
study. In this paper, we 
are trying to analyse the 
pressure contours and velocity vectors of a two-bucket 
Savonius wind turbine without overlap condition, 
using the commercial CFD code ANSYS Fluent. The 
turbine considered was 20 cm in height and had a rotor 
diameter of 8 cm. A two-dimensional unstructured grid 
was developed for modelling the rotor environment 
in the commercial grid generating software Gambit. 
Turbulence in the environment was modelled using a 

standard k-ε turbulence 
model, and pressure-
velocity coupling was 
interlinked through a 
SIMPLE Algorithm with
a second order upwind 
discretization done for
momentum. A grid inde-
pendence test was carried 
out to obtain the best 
meshing condition andac-
curate computational re-
sults. Analysis was carried 
out for air at atmospheric 
conditions (1.0132 bar).
The inlet values of wind
velocity and rotor rota-
tional speed obtained from 
previous experimental re-
sults conducted in an 

open circuit subsonic wind tunnel were available in the 
Department. Flow visualizations were carried out of 
the Savonius wind turbine in the fluent software without 
overlap condition, and conclusions were drawn for 
pressure contours and velocity vectors.

Keywords: CFD, Savonius Wind Turbine, Pressure 
Contours, Velocity Vectors.

Pressure Contour and
Velocity Vector Analysis 

of a Two-Bucket Savonius 
Wind Turbine Using Compu-

tational Fluid Dynamics
Rajat Gupta1, Ranjan Das2, Siddhartha 

Sankar Deka3, Rituraj Gautam4

1Director, National Institute of Technology, 
Srinagar, India

2Assistant Professor, Indian Institute of Tech-
nology, Ropar, India

3,4Department of Mechanical Engineering, 
National Institute of Technology, Silchar, 
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E-mail: riturajgautam030@gmail.com

1. Introduction

With the world’s ever-increasing energy needs and 
rapidly depleting oil reserves, renewable energies 
such as wind energy are going to play a vital role[1-
2].Wind energy is extracted through devices called 
wind turbines. Based on the orientation of their axes, 
wind turbines can be of two types - HAWT (Horizontal 

Axis Wind Turbine) and VAWT (Vertical Axis Wind 
Turbine). HAWTs generally have higher power outputs 
compared to VAWTs. In addition, a VAWT has 50% 
less efficiency compared to a HAWT. In spite of these 
disadvantages, VAWTs excel over HAWTs in terms 
of construction, higher liability, low expense and abi-
lity to accept wind from any direction. They can be 

ISESCO JOURNAL of Science and Technology
Volume 11 -  Number 20 -  November 2015 (9-14)
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particularly beneficial for developing counties such as 
India where electricity is not available in some remote 
places and where the VAWT can be used for electricity 
generation, irrigation, milling grains, etc.[3]. There are 
various types of VAWT. The particular type of VAWT 
on which we are concentrating is the Savonius Wind 
Turbine, invented by the Finnish engineer Sigurd J. 
Savonius late in 1929[4]. It is simple in construction, 
easy to install, cost-effective and has the ability to 
orient itself towards any wind direction. The turbine 
is shaped as a cylinder cut in the middle and jointed 
together sidewise laterally so that the S shaped cross 
section is formed. The two buckets form experiences 
less drag when moving against the wind than moving 
with the wind. The differential drag causes the turbine to 
spin. As a drag type device, the Savonius Wind Turbine 
extracts much less wind power than any other VAWT 
[5-6]. In addition, the turbine’s efficiency decreases 
sharply at high wind velocities, so it is generally 
preferable  to install it close to the ground as wind 
velocities are generally lesser at that level. The highest 
measured efficiency obtained by the Savonius was 
31%. Macpherson [7] reported the highest efficiency of 
33%, and the maximum power coefficient obtained by 
Newman [8] was only 20%. Due to its high reliability 
and cost effectiveness, the Savonius Wind Turbine has 
been the subject of interest in the scientific community 
for years, which prompted us to engage in further work 
on this type of wind turbine. An attempt was made in 
this paper to study the pressure contours and velocity 
vectors in and around the Savonius wind turbine with 
no overlap condition. The entire analysis was conducted 
in ANSYS Fluent. However, the inlet parameters were 
obtained from a previous experiment conducted in an 
open circuit subsonic wind tunnel and available in the 
Department.

2. Physical model of the turbine:

The experimental model considered is a two-bucket 
Savonius Wind Turbine with two buckets in the shape 
of a Sin cross section. The model measures 20 cm in 
length and 8 cm in rotor diameter. The thickness of 

each bucket is 5 mm. The model was tested in an open 
circuit subsonic wind tunnel. A brief description of 
the wind tunnel used, the experimental procedure, and 
results are presented in paper [9-10].

3. Computational domain of the turbine:

The computational domain shown in Figure 2 was the 
top view of four boundaries of the tunnel test section 
along with the physical model of the turbine. The 
computational domain was discretized using a two-
dimensional unstructured grid. The dimensions of 
the computational domain are 100 cm in length and 
30 cm in width, which is similar to the experimental 
condition. A two-dimensional view of the turbine was 
considered. As the buckets rotate in the same plane 
as the approaching wind, it was felt that the two-
dimensional simulation was sufficient for the analysis.

Figure 1. Two-dimensional model 
of the turbine without overlap.
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4. Solution specification:

➢ Solver:

1. Solver: pressure-based

2. Time: steady

3. Space: 2D

➢ Viscous Model:

1. Model: k- epsilon (k-ε)

2. K-epsilon Model: standard

3. Near-Wall Treatment: standard wall functions

➢ Material:

Air (µ = 1.7894×10-5 kg/m-s, ρ = 1.225 kg/m3)

➢ Operating conditions:

Atmospheric pressure (1.0132 bar)

➢ Boundary conditions:

1. Inlet: velocity inlet

2. Sides: symmetry

3. Buckets: moving wall

4. Outlet: outflow

➢ Solution controls:

1. Pressure velocity coupling: SIMPLE

2. Under Relaxation Factor: 0.7 (Momentum)

3. Discretization: momentum (Second Order Up-
wind), pressure (Standard)

➢ Solution Initialization: 

- Inlet condition

➢ Residual Monitors: 

- 0.001 (continuity, x-velocity, y-velocity, k, ε)

➢ Force Monitors:

- Drag coefficient

➢ Range of free stream velocity: 

- 29.6 m/s to 35.1 m/s

5. Grid independence test:

The correctness of the results depends on the grid 
resolution. A variation in the results was observed with 
a change in grid density. However, the increase in grid 
density can be effective up to a certain limit. Beyond 
that limit, there is no variation in results at a significant 

Figure 2. Physical model of the Savonius wind turbine, computational domain and boundary conditions.
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increase in grid density. This limit is called the Grid 
Independence Limit (GIL). The coefficient of drag 
(Cd) was considered as the test parameter, and grid 
refinement was carried out until a steady value of Cd 
was obtained. As shown in Table 1, various levels of 
refinement were carried out. 

Each level was solved with the same input parameters 
in ANSYS Fluent. 

Figure 3 shows a variation of the Cd values with the 
number of nodes. Refinement level 10 was considered 
for the final simulation.

6. Velocity vector and pressure contour 
analysis with no overlap condition:

For the flow of air across the buckets, vortices formed 
on the concave sides of each bucket. The velocity 
vector plots show the clockwise appearance of vortices 
on the concave side of the returning bucket while 
anticlockwise vortices appear on the concave side of 
the advancing bucket. Initial literature survey shows 
that an attempt was made to study the flow field in and 
around rotors and had been validated though a set of 
experimental measurements coupled with numerical 
calculations [11]. From our computational analysis, it 
can be seen that the pressure contours of the turbine 
for various wind velocities show one general trend 
and that is that the pressure upstream of the rotor is 
always less than the pressure downstream of the rotor. 
The pressure upstream of the rotor is positive while 
the pressure downstream gradually decreases. The 
pressure drop is a consequence of extraction of energy 
from wind by the Savonius Wind Turbine. Pressure at 
the tip of the returning bucket is abnormally high due to 
the air’s direct impact on the tip of the returning bucket. 
The pressure contour diagram shows that pressure on 
the concave side of the returning bucket is higher than 
that of the concave side of the advancing bucket. This 
causes an increase in pressure on the concave side 
of the returning bucket, which aids in the increase of 

TABLE 1. Various levels of refinement carried out with the 
increase in number of nodes.

1

2

3

4

5

6

7

8

9

10

11

12

Refinement Level

11661

13449

13796

17106

18124

20598

23000

29719

31223

32733

34120

38589

No of Nodes

22924

26484

27128

33770

35798

40680

45518

58916

61916

64878

67644

76612

No of Cells (Triangular)

Figure 3. Grid Independence Test carried out for a two-bucket Savonius Wind Turbine.
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rotating torque. However, pressure on the concave side 
of the advancing bucket is comparatively lower than 
that of the pressure on the concave side of the returning 
bucket, which might lead to some instability during 
the rotation. On increasing air velocity, this instability 
increases as the difference in pressure between the 
concave sides of the returning and advancing buckets 
increases. Air velocity on the top of the convex 
surfaces of the two buckets (Figure 4.2) is very high 
which, consequently diminishes the pressure there. The 
rotating torque is further strengthened due to the low 
pressure created on the buckets’ convex surface. This 

difference in pressure on the concave and convex side 
of the bucket generates lift, which causes the rotation 
of the turbine. With the increase in wind velocity, the 
value of negative pressure was found to be 35.1m/s at 
the minimum and 29.6 m/s at the maximum. As a result, 
lift generation will be higher with increases in wind 
velocity. As seen in Figure 4.1, the turbine will rotate 
anti clock wise. A flow separation is taking place on the 
extreme right side of the convex side of the advancing 
bucket as can be perceived from the velocity vector 
plot (Figure 4.2). This flow separation is due to the 
flowing of fluid particles away from the body surface. 

Figure 4.1. Pressure contour plot for wind velocity at 29.6 m/s. Figure 4.2. Velocity vector plot for wind velocity at 29.6 m/s

Figure 4.3. Pressure contour plot for wind velocity at 32.7 m/s. Figure 4.4. Velocity vector plot for wind velocity at 32.7 m/s.

Figure 4.5. Pressure contour plot for wind velocity at 35.1 m/s. Figure 4.6. Pressure contour plot for wind velocity at 35.1 m/s.
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It occurs as a result of the adverse pressure gradient 
owed to the increase in pressure as the flow proceeds 
from the convex side towards the tip of the advancing 
bucket. It leads to the formation of wakes, which is a 
highly undesirable phenomenon.

The bucket on the right side of the center of the plot is 
the advancing bucket and the bucket on the left side of 
the center of the plot is the returning bucket.

Conclusion

The present analysis, carried out on Fluent Software, was quite encouraging. The pressure drop on the convex 
side of the two buckets gradually decreases with the increase in wind velocity, indicating a greater generation 
of lift at higher wind velocities. However, a high pressure at the tip of the returning bucket was observed and 
rises with the increase in wind velocity. This will lead to rotor vibration, which reduces the stability of wind 
turbines and thus decreases power output at higher wind velocities. Flow separation was also found to take place 
and increased with the increase in wind velocity. Larger wakes formed in the zone of flow separation, which 
ultimately affects the smooth rotational movement of the Savonius Wind Turbine.
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Abstract

GHG emissions conti-
tinued to increase 

and economic and popu-
lation growth continue to
be the most important 
drivers of these increased 
emissions. IPCC shows 
two assessment models 
that indicate biomass as 
the top primary energy 
used in 2095 while climate 
change tends to amplify 
tree mortality worldwide. 
Biomass burning in the 
21st century will greatly exacerbate global warming 
and its consequences.

This paper describes the depleting fossil fuels in 
Indonesia: oil will be exhausted within 12.8 years, gas 
within 30.8 years and good quality coal within 59.8 
years. These shrinking resources are disrupting the 
national energy security. Burning low grade coal for
Coal Fired Power Plants will undermine all endeavors 
to fulfill the promise of reducing CO2 emissions. 

Nuclear power is descri-
bed as one of the solutions. 
It is essential to prepare it 
to replace to oil and gas 
which are in the process 
of depletion. Government 
regulation no. 79/2014 on
the National Energy Policy 
is briefly described.

The choice is whether to 
adopt this solution or not. 
Other choices include 
improving technology 
transfer and international 
collaboration on nuclear

power technology. Is there any possibility for Indonesia 
to get help in nuclear power technology implementation? 
This could be an alternative to burning low grade 
coal which emits CO2 massively and woody biomass 
which takes the form of rain forests -CO2 sequestration 
facilities.

Keywords: Depleting fossil fuels, CO2 emission, Indo-
nesia, Nuclear policy worldwide, Technology transfer.
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1. Climate Problems as a Background

Al Gore said: “The warming of the climate system is 
‘unequivocal’ and that most of ‘the observed increase’ 
in global average temperatures since the mid twentieth 
century is very likely due to ‘the observed increase’ in 
anthropogenic GHG concentrations”.[1; 2] Total anthro-
pogenic GHG emissions have continued to increase 
between 1970 and 2010 and have reached 49 ± 4.5 Gt 
CO2 equivalent per year in 2010. Of these, 2% are flare 
gases; 6.2% are N2O; 16% CH4; 11% CO2 Forestry 
& Others Land Used; 65% from fossil fuel used and 

industrial processes. The emissions of CO2 contributed 
78% of total GHG emissions. Economic growth, rising 
sharply together with population growth, continued to
be the most important drivers of CO2 emission increases[3]. 

The Copenhagen Accord states that CO2 concentrations 
in the troposphere must not exceed 450 pap by 2100 so 
that the global temperature increase can be kept at 2C[4]. 
This means that only 50 ppm are left for 87 years[5].

The 2007 IPCC Special Report on Carbon Dioxide 
Capture and Storage[6] shows two different integrated 

ISESCO JOURNAL of Science and Technology
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assessment models to predict global primary energy 
and the corresponding contribution of  CO2 mitigation 
by 2095 (see Figure 1).

Both models show biomass as the top primary energy 
used by humans. However, Craig D. Allen et al. (2010) 
conclude their research by saying: “Climate change 
tends to amplify tree mortality worldwide, this will 
increase the risk of forests shrinking and various trees 
might not grow well”.[7] Biomass burning worldwide 
will steeply compound these risks. 

The six ranks of primary energy used in the B2-SSO-
Message model (Figure 1b) are: Biomass (26.26%); 
Solar and Wind (20.86%); Gas-CCS (16.16%); Coal 
to Gas substitution (13.47%); Nuclear (9.09%); Oil
(5.78%). Figure 1d shows the CO2 emitted by: Rene-
wable Energy (36.76%); CCS (31.62%); Coal to Gas 
substitution (16.91%); and Conservation and Energy 

Efficiency (14.71%). No emissions from nuclear are 
shown. 

CO2 emissions will stabilize at 550 ppm and this exceeds 
the Copenhagen Accord target. 

Nuclear power, with its zero CO2 emissionsis attracting 
more and more attention worldwide.

According to IAEA[8], 69 Nuclear Power Plants (NPP) 
are under construction: Russia 9; USA 5; China 23; 
India 6; South Korea 4; Pakistan 2; Slovakia 2; Turkey 2; 
Argentina 2; Brazil 1; Finland 1; Belarus 1. These 69 
NPP are added to the 439 NPP that are already installed 
already operating around the world. The total capacity 
of these 439 NPP is 37,6821 MW and they generate 
electricity of 2410 Tera Watt hour. Table 1 shows the 
US average levelized cost of various power plants that 
will become operational in 2019. Advanced nuclear 
technology is competing with RE Technology.[9] 2. 

Figure 1. Primary energy used in 2095 in MiniCAM model (a) and in MESSAGE model (b). [6]
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Figure 2. Nuclear electricity production steadily increased and reached 2700 TWh in 2006, and then declined to 2350 TWh in 2012. Nuclear 
Power contributes 10.8% of the World’s electricity production. [8]

TABLE 1. US average levelized cost for plants entering in service in 2019.[9]

Conventional Coal
Integrated Coal-Gassification Combined Cycle (IGCC)
IGCC with CCS
Natural Gas Fired

NG: Conventional Combined Cycle
NG: Advanced Combined Cycle
NG: Advanced CC with CCS
NG: Conventional Combustion Turbine
NG: Advanced Combustion Turbine

Advanced Nuclear
Geothermal
Biomass
Wind1

Wind - Offshore1

Solar PV1,2

Solar Thermal1

Hydro1

Plant Type

85
85
85

87
87
87
30
30
90
92
83
38
37
25
20
53

Capacity 
Factor

(%)

60.0
76.1
97.8

14.3
15.7
30.3
40.2
27.3
71.4
34.2
47.4
64.1
175.4
114.5
195.0
72.0

Levelized 
Capital 

Cost

4.2
6.9
9.8

1.7
2.0
4.2
2.7
2.7
11.8
12.2
14.5
13.0
22.8
11.4
42.1
4.1

Fixed 
O&M

30.3
31.7
38.6

49.1
45.5
55.6
82.0
70.3
11.8
0.0
39.5
0.0
0.0
0.0
0.0
6.4

Variable
O&M

(including
fuel)

1.2
1.2
1.2

1.2
1.2
1.2
3.4
3.4
1.1
1.4
1.2
3.2
5.8
4.1
6.0
2.0

Transmission 
Investment

95.6
115.9
147.4

66.3
64.4
91.3
128.4
103.8
96.1
47.9
102.6
80.3
204.1
130.0
243.1
84.5

Total 
System 

Levelized 
Cost

U.S. Average Levelized Cost for Plants
Entering Service in 2019

(2012 USD/MWh)

1 Non-dispatchable (Hydro is dispatchable within a season, but non-dispatchable overall-limited by site and season)
2 Costs are expressed in terms of net AC power available to the grid for the installed capacity

Estim
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2. Indonesia Electricity and Energy 
Security

Electricity is a priority for the satisfaction of basic 
needs: lighting for education, household needs, commu-
nication, entertainment and information.

In 2004, Sukma S. Hasibuan[10] projected electricity 
generation in 2020 at 73.56 GW. Of this, coal and 
diesel power plants would contribute 28.31 GW. The 
electrification ratio is expected to be 90 %. 

The energy mix scenario for 2025 published in 2005[11]

shows the use of Coal standing at 32.7%, Gas at 30.6%, 
and Oil at 26.2%. New and Renewable Energy (NRE) 
contributed 10.5%. These are: Geothermal 3.8%, Hydro 
2.4%, Nuclear 1.993%, Biofuel 1.335%, Biomass 
0.766%, Microhydro 0.216%, Wind 0.028% and solar 
energy 0.020%. Four NPP of 2 GW each were planned 
to operate in 2016, 2017, 2023 and 2024[12], but nothing 
was completed by 2015.

Historically, the power generation installed by the State 
Electricity Company (PT.PLN) in 2008, 2009, 2010, 
2011 and 2012 is 25,593.92 MW, 25,636.70 MW, 
26,894.98 MW, 29,268.16 MW and 32,901.44 MW, 
respectively.[12b] 

Government Regulation No. 79/ 2014 
on the National Energy Policy[13] is valid 
from 2014 until 2050 (Paragraph 4). It 
provides a basis for a National General 
Energy Planning (RUEN) and a National 
General Electricity Planning (RUKN) 
(see Paragraph 30). The target for electri-
city development is 115 GW (Giga Watt)
by 2025 and 430 GW by 2050 (see Para-
graph 8c). This target was calculated based 
on these projections[14]:

• Economic growth is 6% per year, 
and thus energy growth will be 
about 8-10%. 

• Installed Electricity Power Plant 
is 53 GW. (Note: Draft RUKN 
2012-2031 shows 30 GW existing, 
with an additional need in 2015 

of 23 GW, bringing the total projected to 53 GW)

• The accelerated development of 35 GW is 
expected to be completed by 2019. It is taken as 
a benchmark for Indonesia’s electricity deve-
lopment speed. Clearing the lands needed is 
ongoing and expected to finish soon.

Indonesia should develop electricity by as much as 
(430-53=) 377 GW within 35 years.

Within 70 years (1945-2015), the installed power plant 
for electricity generation reached 53 GW (or 26.5 
GW/35 y). Based on this history, it will be necessary to 
accelerate electricity development by (377/26.5=) 14.2 
times to reach the target set.   

It is a very ambitious target, especially if Nuclear Power 
Plant (PLTN) is considered as “the last option”. 

This target is set in order to provide 1400 kgs of oil 
equivalent per capita in 2025 (assuming the population 
in 2025 is 285.7 millions) and to provide 3200 kgs of 
oilby 2050, for example.

This means that Indonesia’s Human Development Index 
will reach 0.74 in 2025 (see yellow line in Figure 3), 
and rise to 0.86 in 2050 (blue line). The same applies 

Figure 3. The effect of energy consumption (kgs of oil equivalent) per capita to Human 
Development Index[15]
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to Korea which has 24 NPP and another 4NPP under 
construction. 

To turn this target into a reality, the primary energy 
needed in 2025 is about 400 MTOE, and is about 
1000 MTOE in 2050. However, in 2014, IRES/MET 
published Indonesia’s fossil fuel reserves conditions 
which revealed that:

• Oil reserves will be depleted within 12.8 years;

• Natural gas will be depleted within 30.8 years; 

• Good quality coal will be depleted within 59.8 
years.[17]

PP no 79/2014, in Paragraph 6 a, Paragraph 10 (1) d, 
Paragraph 11 (2) d, and Paragraph 12 (2)[13] describes 
efforts to preserve the strategic reserves in order to sup-
port primary energy provision for the whole country. 

At the moment, there is no sanction against those who 
misuse these strategic reserves.  

It is necessary to add a conditional phrase: “strategic 
reserves are not for exportation” under Paragraph 24 (2) g.

Paragraph 9 f 1-4showsthe energy mix:

o In 2025: NRE will contribute 23% of the 
national energy used, Coal 30%, Natural Gas 
22% and Oil 25%.

o In 2050: NRE will contribute 31% of the 
national energy used, Coal 25%, Natural Gas 
24% and Oil 20%.

Considering the inexorable oil depletion, oil will only 
be able to contribute a very small percentage in 2025, 
while coal and gas will become major contributors. In
2050, gas will have vanished and coal will become the
only natural resource left besides limited Reimple-
mentation’s. Good quality coal might vanish sooner 
than 59.8 years as it will have been used to replace oil/
gas.

Figure 4. Geographical Situation and Population Density in Indonesia’s provinces in 2012.[16]

Java-Bali has the highest population density
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This vulnerable situation is hardly understood. Most 
Indonesians think that Indonesia’s energy resources are 
still abundant. Therefore, endeavors to develop new 
and renewable energy technology implementation face 
difficulties linked to public perceptions.

Coal Fired Power Plants in Indonesia are designed to 
use good quality coal (bituminous and sub bituminous). 

Good quality coal has a heating value of 5000-5500 
kcal/kg. Anthracite (top quality coal) has a heating 
value of 6000-7100 kcal/kg, while low grade coal has 
a heating value of 2500- 4000 kcal/kg. If more coal 
is used to replace oil and gas, and if low grade coal 
is used to replace the better quality coal needed in all 
Coal Fired Power Plants, all of this will undermine the 
efforts to meet the promise of reducing CO2 emission: 
“… Indonesia, of course, faces problems and challenges 
in our national development: growth, unemployment, 
poverty, infrastructure building, education and health 
care. But we have decided and established a National 
Climate Change Action Plan with the targets of 2020 
and 2050. We are devising an energy mix policy including 
LULUCF (Land Use, Land Use Change, and Forestry) 
that will reduce our emissions by 26 percent by 2020 from 
BAU (Business As Usual). With international support, 
we are confident that we can reduce emissions by as 
much as 41 percent. This target is entirely achievable 
because most of our emissions come from forest related 
issues, such as forest fires and deforestation …”[18]

3. Energy Choice and Consideration

In 2014, fossil fuels (oil, gas and coal) contributed 
42,022 MW electricity (79%) and NRE 11,330 MW 
(21%). This electricity generation will increase to 
reach 96,320 MW in 2019; fossil fuels will contribute 
79,366 MW (82%), while NRE will contribute 16,954 
MW (18%). These consists of: geothermal: 1751 MW; 
hydro: 2508 MW; bio energy: 1131 MW; other: NRE 
233 MW, making up a total of 5623 MW. Maritje 
Hutapea indicates the yearly stage as shown below.[19]

Electricity in Jawa - Bali

Power plants in Java are dominated by CFPP and 
GTCC.[21] In 2012, the total installed capacity in Jawa -
Bali was 25,782.11 MW or 78.36% of the total capa-
city[22]. Electricity produced was 151,922.96 103MWh 
or 75.84% of Indonesia’s entire production, totaling 
200,317.57 103MWh.[23] Fossil fuel production in 2012 
was:

• Crude oil production was 314.7 Mb/d (million 
barrels per day).[24]

• Natural gas production was 3,174.6 BSCF (billion 
standard cubic feet). 

• Coal production was 386 Mton (million ton)

Java-Bali needs a large share of these fossil fuel products 
and these needs will grow as the population grows. 

TABLE 2. Strategic Planning for Electricity Generation in 2015-2019*[19]

Unit

MW

MW

MW

MW

MW

MW

Million kl

Million kl

Million kl

2015

11736.20

1440.50

8.32

1.89

76.90

5.80

4.90

4.53

0.37

2016

12330.80

1719.50

8.44

2.07

92.10

11.20

9.36

8.78

0.58

2017

13045.80

2053.00

8.56

2.29

118.60

19.20

10.20

9.36

0.74

2018

14300.70

2741.50

8.79

2.56

180.00

30.20

10.90

9.95

0.95

2019

15636.20

3411.50

9.05

2.87

260.30

45.40

11.60

10.59

1.01

A. Cummulative Installed Capacity

Installed Capacity of Geothermal

Installed Capacity of Hydro

Installed Capacity of Bioenergy Power Plant

Installed Capacity of Centralized Power Plant

Installed Capacity of Wind Power Plant

B. Biofuel Development

Installed Capacity of Biodiesel

Installed Capacity of Bioethanol

Performance Indicator
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On the other hand, other areas of the archipelago 
have an intermittent electricity supply caused by the 
intermittent fuel supply. Geographical obstacles and 
storms in the archipelago cause logistical delays in fuel 
supply to some islands. 

Social justice for the whole people of Indonesian (sila 
5 in Pancasila) has not yet been achieved. If Java - Bali 
can have a Nuclear Power Plant (NPP), part of Java’s 
fossil fuels can be distributed to the other islands 
in order to implement Paragraph 15 (2) b in PP no 
79/2014: “Cadangan Penyangga Energi dipergunak an 
untuk mengatasi  kondisi krisis dan darurat energi”.
[13] However, there is a pro-contra debate on NPP deve-
lopment planning in Java, Indonesia.

4. An educational backdrop to the 
‘pro-contra’ debate on Nuclear 
Technology in Indonesia

Out of 244,200,000 Indonesian inhabitants, 105,449,254 
have never had any schooling (see Table 3). Only 
6,981,272 inhabitants or 2.85 % of the population have 
a university degree.[25] The first university degree (S1) 
needs4-6 years, the second university degree (S2) needs 
1-2 years and the third university degree (S3) needs 
another 4-5 years. So, the total study period to get an 
S3 is about 21-25 years. Students of nucleus physics 
need this long study process. It is therefore a wonder 
that a pro-contra debate on Nuclear Power Plant (NPP) 

can exist in Indonesia. NPP development in Indonesia 
is lagging far behind compared to India (21 NPPs have 
been installed and are operational and 6 NPPs are under 
construction). China has 23 installed and operational 
NPPs and 23 others are under construction. Pakistan 
has 3 installed and operational plants and 2 are under 
construction, while South Korea has 24 installed and 
operational NPPs and 4 are underway.[8]

Experts with full knowledge of nucleous physics need 
to work on many details related to NPP, starting from 
scratch and aiming for full operation. This would entail:

- Undertaking all steps needed to design and 
implement the core science of nucleus physics, 
selecting the appropriate NPP, engineering the 
cooling system etc.

- Drawing the safety design layout, carrying out 
risk analysis, etc. 

- Project planning, work schedule, execution, 
operation management throughout the project.

- Carrying out all administrative processes.

- Establishing economical viability, preparing 
detailed project scope before identifying major 
financial commitments and solution.

- Preparing innovative manufacturing and net-
works for production and on-site engineering 
works.

TABLE 3. Education statistics of Indonesian[25]

5 358 900

16 108 186

32 411 118

20 222 911

17 248 237

9 503 868

2 973 663

6 981 271

110 808 154

Number

No schooling

Did not complete / have not yet completed primary school

Primary school (passed)

Junior high school

Senior high school (general)

Senior high school (vocational)

Diploma I/II/III/Academy

University

Total

Education

Statistical Yearbook of Indonesia 2013, Table 3.2.7. p. 98
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Decision makers are expecting experts with full know-
ledge of nucleus physics to engage in dynamic social 
research when securing funding from the National 
Research Council, which is not possible since the 
latter’s policy is to support technological research.On 
the other hand, a small number of educated peoples 
opposing NPP and uninvolved in the tasks described 
above are circulating photos of Chernobyl’s victims 
and the disaster of the Fukushima Daichi NPP.

There are many criticisms against research on NPP[26; 27],
even though these research efforts are aimed at finding
a solution for Indonesia. It is unacceptable that people
with full knowledge of nucleus physics have to lobby
Indonesians to accept NPPs. Should 97% of the Indo-
nesian population be pursued to command PT.PLN 
to stop burning coal in all CFPP’sand emitting CO2 
massively and thus undermining the climate?”

“NPPs are the last option” one can read in Paragraph 
11 (3) in PP No. 79/2006. This seems odd especially 
considering the existence of BATAN and BAPETEN 
which employ good human resources.  

Note: BATAN is the National Nuclear Energy Agency; 
BAPETEN is the National Nuclear Energy Regulatory 
Body.

The 1945 Constitution of Indonesia in its paragraphs 
27 (3); 28C (1) and (2);28I (2);30(1) states that each 
citizen has the right to build a personal and/or collective 
ability to shape a better society for the nation. 

Paragraph 33 (2) reads: “The sectors of fossil fuel 
production that are essential for the country and for 
the people’s lives are governed by the State”. In other 
words, ‘the last option’ in paragraph 11 (3), PP No. 
79/2006 shall be decided today by the State, ten years 
before total depletion of oil. 

Indonesians live side by side with nature and absorb 
its meaning in their souls. The Indonesian culture 
represents their wisdom and expresses their behaviors, 
beliefs, attitudes, values and experiences. The dwindling 
of fossil fuels is rocking the national energy security 
and the ability to cover people’s energy needs in the 
archipelago. When the depletion of oil is complete, 
huge problems will emerge on many sites. Tremendous 

efforts will be needed before these disasters occur. It 
is crucial to investigate and master NPP as one of the 
solutions, and prepare it to replace the depleting oil and 
gas.

There is no need to wait for ‘the total depletion of fossil 
fuels’ as written in paragraph 27(5) b and paragraph 
27(6) in PP no.79/2014to occur and the country’s fiscal 
ability to decline. 

Indonesian wisdom must be transformed into tangible 
support to the Government’s policy on NPP in order to 
save the nation.

5. To take or not to take this solution

The IPCC Special Report [6]shows that biomass will 
become the top primary energy used worldwide by 
2095 and CO2 concentrations will stabilize at 550 ppm.
CO2 emitted from wood burning is equal to CO2 pre-
viously absorbed along the woody-tree life. In this 
terminology, biomass combustion is classified as a 
carbon-neutral process, but the reality is that CO2 
trapped in the woody-tree will be released into the 
atmosphere. 

Observation revealed that young leaves cannot survive
in today’s hot climate. They shrivel, dry out and die 
(Figure 5). The presence of butterflies, dragon flies 
and caterpillars have declined. Rich people stay inside 
air conditioned dwellings. This leads to further CO2 
emissions, and even more if the building designs are 
not energy efficient.

Six scenarios for 2100 have been assessed. The proba-
bility of keeping warming below 2C over 21st century 
is: 0 % for a CO2 concentration of 980 ppm; still 0 % 
(for 770 ppm); 1 % for 700 ppm; 5 % for 630 ppm; 
10 % for 560 ppm; and 80 % for 440 ppm.[28] WMO 
and UNEP warn that CO2 concentrations in the range 
of 485-570 ppm may lead to sea level rise of 0.6-2.4 
meters. Global temperatures will increase by 3.2-4°C.[29] 

A rise in sea levels will destroy any coastal villages 
along the shore of the Indonesian archipelago.

It is scary, too hot …… humans will live in a dangerous 
atmosphere that will become deadly for all livings 
creatures on earth.
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After twenty UNFCCC meetings, mankind is still facing 
difficulties in cutting energy consumption when they 
should exert more efforts to keep CO2 concentrations 
below 450 ppm by 2100.

“Energy needs - Limited natural resources - CO2 
emissions by human activities - Climate change effects” 
is becoming “a deadly quadruple-problem”, where each
pole ends with dead-ends at different speeds.

Comparing the heating values of various fuels (Figure 
5 right), a question arises: “Instead of burning woody 
biomass, why not using nuclear technology which 
produces massive electricity and emits no CO2?”

6. Appropriate nuclear power plants for 
Indonesia 

Considering Indonesia’s radioactive sources [30], 
(Figure 6), West Kalimantan with its uranium deposits 

and no history of earthquakes comes across as a pro-
spective candidate for NPP. 

Its electricity output can be used to support emerging 
industrial areas, including the manufacture of NPP 
components.

At present, there are eleven diesel power plants in West 
Kalimantan with an installed capacity of 449.6 MW[31]. 
These conditions match the requirements described in 
paragraphs 11 (1) a, c, d, and e of PP no.79/2014. 

To support industrial and commercial activities, Coal 
Fired Power Plants (CFPP) and Gas Turbine Combined 
Cycle (GTCC) are considered, while the use of RE, 
such as in hydro and geothermal, are site specific.  NPP 
is appearing to become more appropriate. 

The NPP scale is important. The IAEA[32] has tabulated 
28 Small Scale Reactors designed by the USA, Russia, 
China, France, Ireland, South Africa, Japan, Canada, 

Figure 5. Forest dieback in Bintan Island. Photos taken by Herliyani Suharta 
on May 14, 2015.
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China, and South Korea. Small scale reactors seem 
appropriate for the archipelagic country.  

Various Small Modular Reactor (SMR) designs have 
been assessed and evaluated by Bapeten to investigate:  
passive safety features, slower accident progression, 
smaller source term, and multiple modules that provide 
an opportunity for the components to be manufactured 
locally. Several requirements such as: compact size, 
safety during earthquakes, and not needing a safety 

Figure 6. Resources of Radioactive Mineral in Indonesia, 2004.[31]

zone are the additional criteria in evaluating and inves-
tigating SMR to find out whether the selected SMR can 
be installed close to residential areas to avoid the need 
for excessive transmissions grids.

The energy source (pellets) should be custom made to 
prevent any radiation when these pellets spread out. 
The fuel requirements for NPP are much lesser than 
for coal in CFPP, making fuel logistics for NPP much 
more practical.

One type of SMR is the high temperature modular 
reactor (HTMR). In multiple applications (until 20 
NPP), the price of its electricity output will compete 
with that of CFPP. Electricity prices from NPP can 
be less than US $ 10 cents/ kWh, while the price of 
electricity from Diesel PP can go up to 25 cents USD/
kWh.[33]

What matters the most at this point is to start investi-
gating a solution before all fossil fuel resources vanish. 
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Conclusion

Nuclear power technology and technology transfers are solutions to slowdown global CO2 emissions. The 
question is whether or not to adopt this solution. The other choices are encouraging technology transfers and 
international collaboration in nuclear power technology implementation for a country that is much in need of 
this NPP technology. 

The US Government has shown its commitment to solving this global warming problem. On 14 July 2015, an 
agreement was signed between Iran and the six leading countries (P5+1: USA, United Kingdom, PR China, 
France, Germany, Russia) for a peaceful nuclear program in Iran. [34] Some US congressmen are hesitant to 
agree, mainly because of regional political issues. 

Is there any possibility for Indonesia to get help in Nuclear Power Technology implementation? If yes, this will 
boost the alternative energy solution instead of burning low grade coal that emits massive volumes of CO2, 
burning biomass waste and woody biomass that physically appears as rain forest - the CO2 sequestration facilities.

Kusmayanto Kadiman [35] states that: “Sociopolitical issues will be crucial. Without a formal «Go Nuclear» 
statement from the Government, nuclear power plantsin Indonesia will remain blocked, and techno-economic 
assessments will be mere academic exercises.”

The Government should take the lead and step forward carefully to achieve social justice for the whole people 
of the Indonesian Archipelago (sila 5 of Pancasila) if the country is to achieve a better position on the Human 
Development Index.
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Abstract

Knowing the distri-
bution pattern of 

solar radiation inside a 
greenhouse plays a very 
important role in writing 
the greenhouse’s energy 
balance equations. In this 
study, using 3D-shadow 
analysis in Auto-CAD, the
distribution of solar ra-
diation inside a greenhouse 
was studied for the total 
solar fraction (Ft) of six 
shapes of greenhouses 
oriented in E-W and N-S 
directions in Tabriz (38.1° 
latitude), Iran. Also, the 
solar fraction for the 
north wall (Fn) of E-W-
oriented greenhouses was 
determined. The results 
showed that Ft and Fn 
mainly depend on the 
angle of incidence, solar 

altitude, angle and shape 
of the greenhouse and 
were higher in winter than 
in summer. For an E-W 
orientation, the solar 
fraction due to the north 
wall was higher than in
other sections. The results 
also showed that Ft in 
an E-W orientation was 
0.59 in winter and 0.32 in 
summer. In an N-S orien-
tation, it was 0.54 and 
0.36 in winter and summer,
respectively. It could be
concluded that E-W orien-
ted greenhouses having a
brick north wall or ref-
lecting surfaces are best 
suited for regions located 
in high latitudes such as 
Tabriz.

Keywords: Greenhouse, 
Total solar fraction, 
Single-span.

Determining Total Solar 
Fraction and Solar Fraction
for North Wall of Different-
shaped Greenhouses Using 

Auto-CAD Software
Hassan GhasemiMobtaker1,

Yahya Ajabshirchi1, Seyed Faramarz 
Ranjbar2, Mansour Matloobi3,

Cyrus Amini2

1Department of Biosystems Engineering, 
Faculty of Agriculture, University of Tabriz, 

Tabriz, Iran
2Department of Mechanical Engineering, 

Mechanical Engineering Faculty, University 
of Tabriz, Tabriz, Iran

3Department of Horticultural Science, 
Faculty of Agriculture, University of Tabriz, 

Tabriz, Iran
Email: mr.mobtaker@yahoo.com

mobtaker@ut.ac.ir

1. Introduction

Sun is the main source of energy on earth. For plant 
production, sunlight provides the primary driving energy 
of photosynthesis, the food chain and all the nutrients 
consumed by mankind (Panwar et al., 2011). Solar 
energy is a readily available, nonpolluting alternative 
energy source that can be used in curing and drying of 
farm crops. Rising prices and the uncertain availability 
of fossil fuels have led to a surge of interest in the 
effective application of solar energy in agricultural 

production (Huang et al., 1986). Thanks to their location
in the solar belt region, solar radiation in some countries, 
such as Iran, is very strong.

Among the important applications of solar energy in 
new technologies is its use in green house heating. An 
agricultural greenhouse is usually composed of metal, 
or in some traditional types of a wooden structure, and 
covered with a transparent material in which many types 
of crops can be grown under favorable and controlled 
environmental conditions (Singh & Tiwari, 2010). 

ISESCO JOURNAL of Science and Technology
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Predicting and controlling environmental conditions in 
a greenhouse is a very important task for growers since 
it directly affects harvest quantity and quality (Abdel-
Ghanyand Al-Helal, 2011).

The intensity of incoming solar radiation, solar transi-
tivity and distribution patterns inside a greenhouse are
very important in writing a greenhouse’s energy balance 
equations (Gupta et al., 2012). Distribution of solar 
radiation in various sections also depends on the shape, 
width and height of the greenhouse. Entering the green-
house, part of this energy is either decayed as long-
wave radiation into ambient air or reflected back to the 
surrounding surfaces as short wave. In some studies, 
this part of the solar radiation has not been considered 
for the thermal modeling of greenhouses (Chou et al.,
2004; Sethi and Sharma, 2007). Some researchers use 
the solar fraction of a north wall concept (Fn) to write 
green house energy balance equations (Ghosal & Tiwari, 
2004; Sethi, 2009; Tanwanichkul et al., 2013). The 
concept of Fn(ratio of transmitted solar radiation falling 
on the greenhouse’s north wall to the total transmitted 
solar radiation inside the greenhouse) was introduced 
by Tiwari et al. (2002). They measured the distribution 
of transmitted solar radiation on the floor and inner side 
of the north wall of an experimental green house and 
calculated the solar fraction for the north wall.

In another study conducted in New Delhi (28.5° lati-
tude), the Auto-CAD model was used for calculating 
the solar fraction for the north wall (Fn) of greenhouses 
of different shapes. Results showed that a modified arch 
shape had the highest Fn value, which can be suitable 
for thermal cooling throughout the year (Tiwari et al.,
2003). Gupta and Tiwari (2004) reported that Fn is 
higher during winter months and lower during summer 
months, and for a particular month it mainly depends 
on the latitude of the place and the declination angle. 
Gupta and Tiwari (2005) used a reflecting surface to 
increase solar radiation on the floor of the greenhouse. 
They reported that a considerable portion of the solar 
radiation falling on the transparent north wall/roof 
inside an east-west-oriented greenhouse is lost due 
to the sun’s low-altitude angle during winter months. 

Some researchers have used a brick wall on the north 
wall of an east-west oriented greenhouse for thermal 
heating (Chen et al., 2006; Ghosal & Tiwari, 2006; 
Berroug et al., 2011). 

Gupta and Tiwari (2005) suggested total solar fraction 
(Ft) instead of solar fraction. The total solar fraction can 
be defined as the ratio of the sum of transmitted solar 
radiation falling on walls/roof inside the greenhouse to 
total transmitted solar radiations inside the greenhouse. 
Gupta et al. (2012) evaluated the total solar fraction 
for different orientations of an even span greenhouse 
located in New Delhi (28.5° latitude), India. The results 
showed that there was a slight effect of orientation on 
the total solar fraction of a day for a greenhouse.

The objective of the present study is to develop a model 
and calculate the distribution of incoming transmitted 
solar radiation in terms of solar fraction for the north 
wall (Fn) in six differently-shaped E-W oriented green-
houses with the same floor area in Tabriz, Iran. Also, the 
distribution of the incoming transmitted solar radiation 
in terms of total solar fraction (Ft) was calculated for 
these greenhouses in both E-W and N-S orientations.

2. Materials and methods

This study was carried out in Tabriz, center of east 
Azerbaijan, located in the north-west part of Iran, at 
the geographical location of 38°10’ N and 46°18’ E  
and with an elevation of 1364 m above sea level. Six 
different shapes of greenhouses including even span, 
uneven span, vinery, single span, arch and Quonset 
types were selected for the study. These greenhouses 
are shown in Figure 1. For comparison purposes, 
the length, width and height of each shape were kept 
similar, respectively, 6 m, 4 m and 3 m. The small 
curved section surfaces of the arch and Quonset shape 
were considered flat for computational purposes.

2.1. Calculation of sun angles 

The required values of various sun–earth angles such 
as declination angle (d), hour angle (w), solar altitude 
angle (as), solar azimuth angle (gs) and angle of inci-



Mobtaker, Ajabshirchi, Ranjbar, Matloobi, Amini / ISESCO Journal of Science and Technology - Volume 11, Number 20 (November 2015) (27-34)

29

dence (qi) were calculated for sunshine hours in average 
days of months using equations 1-5 (Tiwari et al., 2003; 
Duffie & Beckman, 2013).

- Declination angle (the angular position of the sun 
at solar noon):

- Hour angle (the angular displacement of the sun 
east or west of the local meridian):

- Altitude angle (the angle between the horizontal 
and the line to the sun):

- Azimuth angle (the angular displacement from the 
south of the projection of beam radiation on the 
horizontal plane):

- The angle of incidence (the angle between the beam 
radiation on a surface and the normal to that surface):

2.2 Solar fraction for the north wall

Fn is the average of solar fraction that falls on the north 
wall due toothessections (walls/roof) of the greenhouse. 
The expression of Fn can be written as follows (Tiwari 
et al., 2002):

(1)

(2)

(3)

(4)

(5)

(6)Fn

a) Even-span b) Uneven-span c) Vinery

d) Single span e) Arch f) Quonset

Figure 1. View of selected greenhouse shapes.
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Gupta et al. (2012) used three–dimensional shadow 
analysis in Auto-CAD to compute the solar fraction 
for the north wall and total solar fraction. Referring to 
Figure 3, the solar fraction for the north wall and total 
solar fraction can be written as follows:

In this study, a three–dimensional shadow analysis was 
done using Auto-CAD 2007. The angle of incidence of 
beam radiation for each wall and roof of the greenhouse 
was calculated for sunshine hours in average days of 
months. There is a radiation loss from sections with  an 
angle of incidence exceeding 90°. The shadow area of 
the north wall for E-W orientation and total shadow 
area of greenhouses for both E-W and N-S orientations 
were calculated for six shapes of green houses in 
sunshine hours.

Referring to Figure 2, part of the solar radiation fall on 
Section 2 comes out from Sections 3 and 4 at noon. As 
can be seen from Figure 2, the fraction of transmitted 
solar radiation for the north wall coming from section 

1is taken as zero since no radiation falls on north wall 
from this section. The solar fraction for the north wall 
due to section 2 can be calculated as:

(7)

Figure 2. Schematic view of a greenhouse showing the solar radiation falling on 
various sections.

2.3 Total solar fraction

The total solar fraction can be defined as the ratio of 
the sum of transmitted solar radiation falling on walls/
roof inside the greenhouse to the total transmitted solar 

radiations inside the greenhouse (Gupta et al., 2012).
The expression of Ft can be written as follows (Gupta 
and Tiwari, 2005):

(8)

(9)

(10)
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3. Results and Discussion

The variations in the daily average value of solar fraction 
for the north wall of various shapes of E-W green houses 
for a typical day of the month are showed in Figure 4.
The result showed that the value of Fn reached a 
maximum in winter months due to the low altitude 
angle of the sun. Similar results had been reported in 
several studies (Tiwari et al., 2002; Tiwari et al., 2003). 
The Fn value for even-span, uneven-span, vinery and 
arch shapes we real most the same, while the Fn value 
for the single-span and Quonset shapes differed. In 
other words, in these shapes the major part of the solar 
radiation falling on the greenhouse was delivered to 
the ambient environment. The use of a brick wall or 
a reflecting surface on the north wall of E-W oriented 
green houses can decrease this radiation loss.

Figure 3. Three-dimensional view of a greenhouse showing 
the solar fraction for the north wall and total solar fraction.

Figure 4. Average solar fraction for the north wall of various shapes 
of greenhouses in an E-W orientation through the months of the year.

As mentioned, radiation loss is occurring not only 
from the north wall but also from other sections of 
the greenhouse. Therefore, to calculate total radiation 
loss, total solar fraction should be calculated. In this 
study, total solar fraction was calculated using three–
dimensional shadow analysis and the results showed 
that January and December indicated higher values for 
this parameter as compared to others months. This is 
mainly due to the lower altitude angle of the sun during 
these months. However June and July show the lowest 
values of total solar fraction due to the higher altitude 
angle of the sun during these months. Compared to 
others studies conducted in lower latitude (Gupta and 
Tiwari, 2005; Gupta et al., 2012), one can note that at 
higher latitudes, Ft is higher than at lower latitudes and 
consequently less solar radiation is available for the 
greenhouse’s thermal heating.

Figure 5 shows the total solar fraction for various 
shapes of E-W oriented green houses at a particular time 
of typical clear winter and summer days. The results 
indicate that the Ft value was the highest in early 
morning and late evening and the least in solar noon 
for all shapes and months of the year. Also, Ft is higher 
in winter than in summer. The average of the total solar 
fraction obtained was 0.59 in winter and 0.32 in summer. 
As can be seen from Figure 5, the total solar fraction 
value for the single-span green house was higher than 
those of other shapes during the winter and summer 
periods (except early morning and late evening).

a) Winter
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For the E-W orientation, the solar fraction due to north 
wall was higher than other sections. Table 1 shows the 
percentage of Fn in the total solar fraction for various 
shapes of greenhouses in an E-W orientation. Results 
showed that the percentage of Fn in the total solar fraction 
reaches a maximum in winter months. This is mainly 
explained by the lower altitude angle of the sun during 
winter. Out of the different shapes of greenhouses, 
the single-span has the highest Fn. Solar radiation loss 
from the north wall is high at higher latitudes (Gupta 

Figure 5. Total solar fraction for various shapes of greenhouse in 
E–W orientation.

b) Summer

and Tiwari, 2005), therefore in higher latitudes such 
as Tabriz, using a brick wall or a reflecting surface 
on the north wall of the single-span greenhouse can 
be suggested in order to reduce radiation losses. The 
results showed that by using a brick wall or a reflecting 
surface on the northern wall of the single-span green 
house, radiation loss can be reduced by an average of 
68%. Tiwari et al. (2002) evaluated solar fraction for 
the north wall of an even-span greenhouse (length, 
width and height: 6 m, 4 m and 3 m) in New Delhi 
(28.5° latitude) and reported that Fn was about 0.24. 
They also reported that Fn depended largely on the 
angle of incidence, solar altitude angle, shape and size 
of the greenhouse.

The total solar fraction for various shapes of N-S 
oriented green house sat a particular time of typical 
clear winter and summer days is shown in Figure 5. The 
results revealed that Ft value in winter was higher than 
in summer. The average total solar fraction was 0.54 
in winter and 0.36 in summer. In winter, the Ft value at 
a N-S orientation was less than in a E-W orientation. 
This means that in the N-S orientation, radiation loss is 
less than in an E-W orientation. In other words, more 
solar radiation is available for the thermal heating of 
the N-S oriented green house in winter. In summer, Ft 
value in a N-S orientation was higher than in an E-W 

TABLE 1. Percentage of Fn in total solar fraction for different E-W orientation greenhouses.

Months

January

February

March

April

May

June

July

August

September

October

November

December

Even-span

32

29

26

16

11

10

10

15

20

30

31

32

Uneven-span

33

34

38

28

19

20

18

26

31

37

34

32

Vinery

26

23

14

1

0

0

0

0

7

19

25

27

Single-span

86

83

81

60

43

38

39

54

67

83

88

92

Arch

31

29

27

20

16

16

16

19

22

29

29

30

Quonset

65

66

67

49

25

7

18

42

56

68

63

64
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orientation. In the N-S orientation, the Ft result for 
various shapes of green houses was different from that 
in an E-W orientation. Results showed that in the a.m., 
the total solar fraction for a single-span green house 
was higher than that calculated for other shapes; while 
in p.m. the arch greenhouse had the highest Ft.

a) Winter

b) Summer

Figure 6. Total solar fraction for various shapes of greenhouse in N-S 
orientation.

Table 2 shows the effect of orientation on the total solar 
fraction for a typical day in winter and summer. The 
results showed that in winter, the E-W orientation had 
a higher Ft than the N-S orientation, while in summer; 
the N-S orientation had a higher Ft than in the E-W 
orientation. Gupta et al. (2012) evaluated the Fn for 
different orientations of an even-span greenhouse 
located in New Delhi (28.5° latitude), India. The results 
showed that there was a slight effect of orientation on 
the total solar fraction of a day for a greenhouse.

To sumit up, total solar fraction plays an important role
in developing the energy balance equations of green-
houses and each component requires its own specific 
developed equation. In regions with cold climate con-
ditions, such as Tabriz, greenhouses are mainly aimed 
at producing different crops out of season. Therefore, 
heating these greenhouses with the help of solar 
radiation during cold winter times is highly desirable. 
In another study conducted by authors in Tabriz, it was 
concluded that green houses with an E-W orientation 
receive more radiation than other greenhouse types 
during the winter months (Ghasemi-Mobtaker et al., 
2015). Accordingly, the E-W orientation can best suit
regions located at high latitudes such as Tabriz, pro-
vided that the reduction in radiation loss occurs via 
implementing some effective strategies by growers. 
This can be achieved by, for instance, using a brick 
wall or a reflecting surface on the north wall.

TABLE 2. Average total solar fraction for various shapes of green houses in E-Wand N-S orientation.

Winter

0.61

0.52

0.31

0.35

Uneven-span
0.65

0.56

0.38

0.39

Single-span
0.57

0.54

0.29

0.34

Quonset
0.55

0.50

0.26

0.32

Vinery
0.61

0.58

0.36

0.39

Arch
0.57

0.54

0.32

0.34

Even-span
E–W
N–S

E–W
N–S

Summer
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Conclusion

Based on the results obtained, the following conclusions were drawn:

1. The values of Fn and Ft were higher in winter than in summer. This is mainly due to the low altitude angle 
of the sun in winter.

2. In the E-W orientation, a greater part of the solar radiation falling on the greenhouse was delivered to 
the ambient environment from the north wall. In order to reduce radiation losses, using a brick wall or a 
reflecting surface on the north wall can be suggested.

3. In the winter period, an E-W orientation has a higher Ft than the N-S orientation, while in summer the N-S 
orientation has a higher Ft than the E-W orientation

4. E-W oriented greenhouses with a brick wall or a reflecting surface on the north wall are best suited for 
regions located at higher latitudes such as Tabriz.

5. The results of this study can be used for any location with the same latitude as Tabriz. For other latitudes, 
the methodology proposed here could be implemented and applied.
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Abstract

Common tree leaves
and natural grasses

were evaluated chemically 
and by in vitro gas pro-
duction method. The 
rumen liquor was taken 
from fistulated native 
steers. The cumulative gas
volumes 24h after incu-
bation were significantly 
different (p<0.01) and the 
estimated Metabolizable 
Energy (ME) ranges were  
5-8, 4-8 and 5-8  mega jule 
(MJ) kg-1 dry matter (DM) 
for foliage, non-legume grasses and herbs, respectively. 
Tree leaves showed the greatest gas production and 
highest estimated ME rather than grasses and herbs 
that presented low ME. Non legume grasses contained 
37-43 % Acid Detergent Fiber (ADF), 41-54% neutral 
detergent fiber (NDF), 39-58% digestible organic 
matter (DOM). Aril and shama grass possessed high 
protein but low energy. Tree leaves are usually rich 
in both protein and energy and have a higher ability 
to digest organic matter. Among tree fodder, bamboo 
leaves contained the highest ADF (57.24%) and the 
lowest ME, but had a moderate crude protein (CP) 
(15.64%). On the other hand, sugarcane tops hold more 

ADF (55.12%) but are 
very poor in CP (4.39 %).
Binna contained the 
highest ADF and NDF, 
low protein and moderate 
energy while carpet grass 
contained the highest 
ME (7.22 MJ kg-1). The 
chapra grass ranked the 
lowest (4.29 MJ kg-1) 
while carpet grass was 
superior to other grasses. 
Herbs contained low 
ADF (28-43%) and NDF 
(31-51%), higher CP (12-

18.5%) and ME (6-8MJ kg-1) haicha being the best 
among all herbs. The ME difference of various feedstuffs 
reflects different contents of fermentable carbohydrates 
and available nitrogen in tree leaves. The OMD ranged 
from 40-59% for tree fodder; 40-57% for natural 
grass and 45-59% for non-legume herbs. This result 
suggests that wide nutritional variations exist between 
among natural roughages and foliages. Foliages are 
the best and herbs are better than natural grasses. The 
potential sources might be considered prior of feeding 
the animals.

Keywords: In vitro method, Grass, Nutritional assessment, 
Tree leave.
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1. Introduction

The use of conventional feedstuffs in animal feeding 
is a very common practice in Bangladesh. Evaluating 
the nutritive value of these available feed resources 
is important as these could make an important contri-
bution to the nutrition of livestock (Taphizadeh et al.,

2008). The nutritive evaluation of feedstuffs is deter-
mined by the digestion extent in rumen and the 
concentration of chemical compositions. In vivo and 
in sacco methods, usually used to determine the rate 
and extent of digestibility, are expensive, laborious 
and need large quantities of feed, and are therefore 
unsuitable for routine feed evaluation. In vitro gas 

ISESCO JOURNAL of Science and Technology
Volume 11 - Number 20 - November 2015 (35-43)



Uddin, Khandaker and Khan / ISESCO Journal of Science and Technology - Volume 11, Number 20 (November 2015) (35-43)

36

production is an alternative technique used to determine 
the nutritive value of feedstuffs, since the degradation 
rate and extent and rumen fermentation can be easily 
determined by measuring cumulative gas production 
(Khazaal et al., 1995; Dhanoa et al., 2000; Sommart 
et al., 2000; Chumpawadee et al., 2007). The in vitro 
gas production system helps to better quantify nutrient 
utilization, and its accuracy in describing digestibility 
in animals has been validated in numerous experiments 
(Taphizadeh et al., 2008). 

Energy and protein contents of ruminant feed sources are 
key factors to take into consideration since the feed ratio 
is 75% energy and 15% crude protein (Chumpawadee, 
2002). When planning diet formulation, feed cost, 
chemical composition and nutritive values should 
be fully taken into account. Numerous varieties of 
feedstuffs are available in Bangladesh. However, 
little information is available regarding nutrients 
concentration for feeding ruminants and the creation of 
a nutritional index of feedstuffs. Therefore, this study 
focuses on the evaluation of the nutritional status of 
feedstuffs using an in vitro gas production technique.

2. Materials and methods

Information on the availability of feed ingredients is 
necessary when taking nutrition-related decisions. 
Twelve species of legume roughages and twelve 
species of tree fodder were collected and analyzed. 

- Feed samples and analysis

A standard questionnaire was prepared looking at 
the availability of animals, the categories of farmers 
and their animal feeding practices, availability of 
feedstuffs, fodder cultivation practices and preservation 
techniques. Feed samples were collected during the dry 
and wet seasons from two Upazillas from two districts 
each of Bangladesh’s high lands, medium high lands, 
plain lands and plain but saline lands, usually used 
by countrymen as grazing grounds for their animals. 
Fresh green feed samples were collected, tagged and 
carried to the Animal Nutrition laboratory, Bangladesh 
Agricultural University. Collected samples were firstly 
dried under the sun and were allowed to dry in a hot 

air oven at 650C up to constant weight. Samples were 
grinded and passed through a 1 mm sieve and stored 
in polythene bags at room temperature. These samples 
were analyzed chemically, as well as by in vitro gas 
(Menke and Steingass et al., 1988). Ground samples 
were labeled and stored for chemical analysis following 
the AOAC (2006) method. Partitioning of ADF and 
NDF as well as gross energy and nutritive values were 
measured using the Vansoest (1993) procedure and the 
(Menke et al., 1997) procedure.   

- Gas production technique

The medium preparation was as described by (Makkar 
et al. 1995). Mixed rumen fluid inoculums were 
obtained from native steer (weighed 200±10 kg). The 
animals were offered rice straw and green grass with 
a concentrate mixture @ 1% of body weight (BW). A
mixture of rumen fluid and particulate matter was
collected into pre-warmed CO2 filled beaker, transferred 
to the laboratory, homogenized in a laboratory blender 
and filtered through cheese cloth. All laboratory handling 
of rumen fluid was carried out under continuous flushing 
with CO2. Feed samples (200 mg) were weighed in 
a small polypropylene weighing spoon. The spoon 
containing feed sample was fixed to a glass rod with a 
rubber adapter and finally the samples were transferred 
quantitatively to the closed end of the syringe. Each 
sample was taken in triplicate. With every batch of 
incubation, three syringes were taken as blank, 3 
syringes for concentrate reference standard and 3 for 
roughage reference standard. The syringes were kept in 
an incubator set at 39°C. Media was prepared and kept 
in a water bath at 39°C and bubbled with CO2 slowly for 
15 to 20 minutes. A total of 30 ml media consisting of 
10 ml rumen fluid and 20 ml of a bicarbonate-mineral 
distilled water mixture were injected into the syringes 
through the silicon tube. The gas bubbles were pushed 
out and the silicon tube was closed with the clamps. 
The gas produced was recorded at 12 and 24 hours of 
incubation. 

Using the chemical composition and net gas produced 
(GP, corrected for blank and the appropriate reference 
standard), at 24 hours incubation, metabolizable 
energy (ME, MJ kg-1DM) and digestibility of organic 
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matter (DOM) were calculated by using the following 
mathematical equations adopted from (Menke et al., 
1979) and Menke and Steingass (1988). For compound 
feed (grass, cereals and byproducts):

DOM (%) = 9 + 0.9991 GP + 0.0595 CP + 0.0181 ash 
(Where, GP = Gas production and CP = Crude protein,)

ME (MJ/Kg) = 1.06 + 0.1570 GP + 0.0084 CP + 0.0022EE 
– 0.0081 ash (Where, GP = Gas production CP = Crude 
protein, EE = Ether extraction)

For roughages (forages and straws):

DOM (%) = 16.49 + 0.9042 GP + 0.0492 CP + 0.0387ash

ME (MJ/Kg) = 2.20 + 0.1357 GP + 0.0057 CP 
+0.0002859 EE

The rumen liquor was collected into the thermo flask 
that had been pre warmed to a temperature of 39°C 
before the steer were offered their morning feed. The 
incubation procedure was as reported by Menke and 
Steingass (1988) using 120 ml calibrated transparent 
plastic syringes with fitted silicon tube. The sample 
weighing 200 mg (n=3) was carefully dropped into the 
syringes and thereafter, 30 ml inoculums containing 
cheese cloth strained rumen liquor and buffer (gm L-1) 
of 9.8 NaHCO3 + 2.77 Na2HPO4 + 0.57 KCl + 0.47 
NaCl + 2.16 MgSO37H2O + 16 CaCl2.2H2O) (1:4 v/v) 
under continuous flushing with CO2 were dispensed 
using another 50 ml plastic calibrated syringe. The 
syringe was tapped and pushed upward by the piston 
in order to completely eliminate air in the inoculums. 
Incubation was carried out at 39±1°C and the volume 
of gas production was measured at 12 and 24 h interval. 

- Statistical analyses

 All data obtained from the trials were subjected to the 
analysis of variance procedure of the statistical analysis 
system (SAS, 2007) according to the completely 
randomized block design. Means were separated by 
Duncan Multiple Range Test. The level of significance 
was determined at p<0.05.

3. Results

Roughage feed (non-legume) was plentifully prevalent 
(84%) in the plains area while the other three 
experimental zones had a prevalence rate about (60%) 

(Figure 1a). On the other hand, Figure 1b shows the 
legume roughages usually consumed by the animals of 
selected zones. It is clear that the plains and moderately 
high (Barandra) lands were occupied equally and the 
highest in prevalence (90%) followed by saline zones 
(75%), while hilly areas had a (66%) prevalence rate.

The nutritive values of foliage are shown in Table 1. 
Most tree leaves contained around 8 MJ ME kg-1DM 
while dumur and dawa had moderate (6-7 MJ), and a 
very poor value was shown by bamboo leaves (<5 MJ 
ME kg-1DM). The bamboo leaf had the worse nutrition 
value among all other foliages but was surprisingly rich 
in CP content. Geol and neem contained the highest DE 

Figure 1(a). Availability of non-legume fodder

Figure 1(b). Availability of legume fodder
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TABLE 1. Nutritive values and chemical composition of non-legume tree fodder

Jackfruit leaf
(Artocarpus

heterophyllus)

Bamboo leaf
(Bambosa tulda)

Mango leaf
(Mangifera indica)

Mehgoni leaf
(Swietenia

macrophylla)

Guava leaf
(Psidium guajava)

Geol/Gigar
(Garuga pinnata)

Dumur leaf
(Ficusra cemosa)

Neem leaf
(Azadirachta indica)

Dawa leaf
(Artocarpus lacucha)

Sugarcane top
(Saccharum
officinarum)

SEM

LS

47.55c±0.09

52.62a±0.07

39.62e±0.09

28.47i±0.09

30.85a±0.09

43.69d±0.09

38.75g±0.09

21.04j±0.09

39.30f±0.09

50.12b±0.09

1.08

55.8c±0.07 

57.24a±0.09

56.09b±0.07

52.38g±0.07

55.70c±0.07

46.30i±0.07

52.84e±0.07

36.07j±0.07

51.07h±0.07

55.33d±0.07

0.62

55.89c±0.06

40.74i±0.06

53.16e±0.06

55.84c±0.06

54.43d±0.06

59.31a±0.06

49.22g±0.06

58.79b±0.06

52.35f±0.06

43.61h±0.06

0.62

9.29f±0.09

15.69d±0.09

8.59g±0.09

9.21f±0.09

12.09e±0.09

18.96b±0.09

18.94b±0.09

20.3a±0.09

16.94c±0.09

4.39h±0.09

0.55

16.91c±0.08

16.99c±0.08

17.08c±0.08

17.30b±0.08

17.73a±0.08

17.62a±0.08

17.35b±0.08

17.59a±0.08

17.34b±0.08

16.44d±0.08

0.04

9.45d±0.05

6.92h±0.05

9.08e±0.05

9.66c±0.05

9.65c±0.05

10.45a±0.05

8.54f±0.05

10.34b±0.05

9.08e±0.05

7.17g±0.05

0.12

7.57d±0.06

4.47i±0.06

7.29e±0.06

7.89ab±0.06

7.7bc±0.06

7.97a±0.06

5.95g±0.06

7.74c±0.06

6.63f±0.06

5.56h±0.06

0.12

Feed Ingredients %ADF %NDF %DOM %CP
GE DE ME

Energy (MJ kg-1 DM)

P<0.01

a,b,c means along the same column with different superscripts are significantly varied (P<0.05), LS = Level of significance, SEM = Standard error of mean, 
ADF = Acid detergent fiber, NDF = Neutral detergent fiber, DOM = Digestible organic matter, CP = Crude protein, DM = Dry matter, MJ = Mega jule, 

GE = Gross energy, DE = Digestible energy, ME = Metabolizable energy.

at more than 10 MJ kg-1DM, while others stood around 
8-9 MJ DE kg-1DM and a high CP value. Bamboo 
leaves also contained more ADF and NDF. The lowest 
ADF was found in the neem leaf followed by mehgoni, 

guava, dumur, dawa, mango, geol and jackfruit leaf, 
respectively. ADF values were negatively correlated 
with organic matter digestibility. Jackfruit, mango and 
mehgoni were similar in the CP content trend.
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TABLE 2. Nutritive values and chemical composition of non-legume natural grasses

Carpet
(Axonopus

compressus)

Durba
(Cynodon dactylon)

Kenna/jhall
(Cyperusiria sp)

Arail
(Leersia hexandra)

Khudeshama
(Echinochloa colonum)

Long Shama
(Echinochloa

crusgalli)

Chapra grass 
(Eleusina indica)

SEM

LS

43.83a±0.13

40.08a±0.13

38.46d±0.13

38.33d±0.13

36.30f±0.13

37.20e±0.13

39.20c±0.13

0.69

53.72b±0.07

50.36c±0.07

54.63a±0.07

49.45d±0.07

41.20g±0.07

42.10f±0.07

47.13e±0.07

0.75

56.94a±0.04

51.77b±0.04

49.53c±0.04

43.97f±0.04

45.26e±0.04

45.42d±0.04

39.23g±0.04

0.83

10.93e±0.29

10.03f±0.29

10.9e±0.29

16.45b±0.29

18.48a±0.29

15.13c±0.29

11.89d±0.29

0.47

17.04ab±0.2

17.28a±0.2

16.90ab±0.2

17.06ab±0.2

16.90ab±0.2

16.93ab±0.2

16.59b±0.2

0.03

9.70a±0.15

8.82b±0.15

8.37b±0.15

7.50c±0.15

7.65c±0.15

7.69c±0.15

6.51d±0.15

0.15

7.72a±0.11

6.48b±0.11

6.40b±0.11

5.02d±0.11

4.96d±0.11

5.30c±0.11

4.29e±0.11

0.17

Grass %ADF %NDF %DOM %CP
GE DE ME

Energy (MJ kg-1 DM)

P<0.01

a,b,c means along the same column with different superscript are significantly different (P<0.05), LS = Level of significance, SEM = Standard error of 
mean, ADF = Acid detergent fiber, NDF = Neutral detergent fiber, DOM = Digestible organic matter, CP = Crude protein, DM = Dry matter,

MJ = Mega jule, GE = Gross energy, DE = Digestible energy, ME = Metabolizable energy.

Table 2 indicates the fiber content and nutritive values 
of available grasses in experimental zones. Seven types 
of grasses were used in the in-vitro digestibility trials. 
Most of the grasses had 5-6 MJ ME kg-1DM, except 
the carpet and chapra grasses. Carpet grass contained 
the highest ME while the chapra was at the bottom. 
However, in terms of protein rich index values, carpet 
grass was moderate followed by chapra, kenna and 
durba grasses. Arail, khudeshama or long shama 
showed a large variation compared to others in terms 
of CP content. On the other hand, the chapra grass 

showed the lowest OMD while carpet grass degraded 
at the maximum limit.    

All the herbs showed a CP value higher than 12% 
except binna which had a 9% CP and a moderate ME 
value. Haicha ranked highest in ME and CP values. 
Considering the other index, haicha also scored better 
in OM digestibility and high cell content value (low 
ADF), while binna had the lowest value. Other herbs 
such as mechania loth, brinzol, and hatisur had 15% 
more CP than rana grass. Brinzol leaves and potka 
begun contained high cell wall contents.
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TABLE 3. Nutritive values and chemical composition of non-legume herbs

Goal Haicha
(Ludwigia repens)

Long haicha
(Ludwigia repens)

Sonn/Binna
(Saccarum

spontanium)

Thokabathsa
(Digitania sanguinalis)

Hatisur grass
(Euphorbia hirta)

Rana/jhal
(Cyperuses culentus)

Boot/Potka begun
(Physalishetero phylla)

Brinjal leaf
(Solanummelon gena)

Mechanialota

SEM

LS

31.65f±0.08

32.13e±0.08

55.3a±0.08

37.24c±0.08

43.33b±0.08

33.12d±0.08

28.13h±0.08

29.14g±0.08

32.16e±0.08

0.96

37.85g±0.03

38.11f±0.03

59.57a±0.03

49.39c±0.03

51.30b±0.03

39.21d±0.03

31.39i±0.03

33.15h±0.03

38.38e±0.03

1.03

56.73b±0.05

57.68a±0.05

50.33d±0.05

44.92i±0.05

48.50f±0.05

48.8e±0.05

54.1c±0.05

47.66h±0.05

48.14g±0.05

0.49

14.19f±0.05

14.97e±0.05

9.18h±0.05

12.2g±0.05

16.37d±0.05

14.19f±0.05

17.26b±0.05

18.65a±0.05

16.54c±0.05

0.32

17.15c±0.02

17.29b±0.02

16.77e±0.02

16.79e±0.02

17.26b±0.02

17.03d±0.02

17.38a±0.02

17.18c±0.02

17.08d±0.02

0,02

9.73b±0.03

9.97a±0.03

8.44d±0.03

7.54g±0.03

8.37de±0.03

8.31e±0.03

9.4c±0.03

8.19f±0.03

8.22f±0.03

0.09

7.51a±0.31

7.72b±0.31

6.52cd±0.31

5.36e±0.31

5.95de±0.31

5.56e±0.31

6.97c±0.31

5.57e±0.31

5.74e±0.31

0.10

Grass %ADF %NDF %DOM %CP
GE DE ME

Energy (MJ kg-1 DM)

P<0.01

a,b,c means along the same column with different superscript are significantly different (P<0.05), LS = Level of significance, SEM = Standard error of 
mean, ADF = Acid detergent fiber, NDF = Neutral detergent fiber, DOM = Digestible organic matter, CP = Crude protein, DM = Dry matter,

MJ = Mega jule, GE = Gross energy, DE = Digestible energy, ME = Metabolizable energy.

4. Discussion

The nutritional composition of many feed resources 
used in the present study is within the range of reported 
values in literature on similar stuffs (Sayed et al., 
1986). ADF, NDF, CP and ME content as well as OM 
digestibility of different foliages and grasses showed 
wide variations. These variations could be a result of 
agronomic factors such as application of various levels 
of nitrogen fertilizers, time of harvest, ensiling, field 
drying, storage, as well as specie variations. Similar 
findings have been reported by Bittante and Andrightto 
(1982) for Italian rye grass. Like DM and CP, other 
nutrients could also vary in different feeds due to agro-
climatic conditions, cultural practices and post-harvest 
processing and storage conditions. In general, predicted 

metabolizeable energy values were very low in the 
feedstuffs having high fiber and low protein contents. 
These feedstuffs included various grasses, herbs and 
tree leaves. Lower metabolizeable energy values (4-8 
MJ/kg) were found in natural grasses and most of the 
grasses contained around 6 MJ ME, which matches the 
findings of Chumpuwadee et al., 2007. These roughages 
are deficient in fermentable carbohydrates, reflected by 
relatively low organic matter digestibility (Jayasuriya, 
2000) rather than foliages and herbs. The difference in 
metabolizeable energy of various feedstuffs reflects the 
different contents of fermentable carbohydrates and 
available nitrogen while fermentable carbohydrates 
increase gas production. It has been reported that the 
addition of degradable nitrogen compounds to fiber 
rich feeds decreased gas production due to better or 
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improved capturing of nutrients and higher production 
of the microbial protein. The carbon source is diverted 
from gas to microbial protein (Menke and Steingass, 
1988). Although the predictive ME values were found 
within the range of reported values for a large number 
of feedstuffs (Sen et al.,1978; Krishnamurthy et al., 
1995),  some feedstuffs showed a significant variation 
in ME values, resulting in ME values of 5.0-8.0 MJ/
kg dry matter. A wide range in predicted ME is noted 
among the different species and agronomic conditions 
at different locations. These variations may also be 
due to the low quality of samples or different origins 
or areas used in these studies. However, some of the 
differences in predicted ME values are difficult to 
explain. Predicted ME is concordant with the statement 
of Chumpuwadee et al., 2007, Akinfemi et al., 2012 
and Babayemi, 2006. Except for chapra grass, the 
energy values and rate of organic matter fermentation 
calculated through the in vitro gas method seem to 
be quite comparable with the values available in the 
literature on different feedstuffs.

The CP variation observed among different feedstuffs 
could be due to stage of growth, maturity, species 
or variety (Von Keyserlingk et al., 1996; Agbagla-
Dohanni et al., 2001; Promkot and Wanapat, 2004), 
drying method, growth environment (Mupangwa et al.,
1997) and soil types (Thu and Preston, 1997). It 
can be seen that the fermentation of the insoluble 
fraction of natural grasses, is probably a reflection of 
the high level of lignin (Chumpuwadee et al., 2005). 
Additionally, legumes had a high protein content. 
Protein fermentation does not lead to extensive gas 

production (Khazaal et al., 1995). The relatively low 
content of fiber can facilitate feed colonization by 
microbial rumen population, which in turn might 
induce higher fermentation rates, therefore improving 
digestibility (Van Soest, 1994). As the fermentation 
process is partially regulated by the fibrous content 
of feeds, concentrates ferment faster than coarse feed. 
Since gas production on incubation of feed in buffered 
rumen fluid is associated with feed fermentation and 
carbohydrate fraction (Sallam et al., 2008), the higher 
gas production could be related to fiber fraction content. 
This is in agreement with De Boever et al. (2005), who 
reported that gas production was negatively related to 
NDF content and positively to starch. The negative 
effect of cell wall content on gas production could be 
due to a reduction in the microbial activity through 
increasing the adverse environmental condition as 
incubation time progresses (Sallam et al., 2008). The 
high digestibility of organic matter (OMD) obtained in 
foliage was due to the fact that the major carbohydrate 
of their feedstuffs is starch, which is fermented by 
amylolytic bacteria and protozoa (Kotarski et al., 
1992). This result implies that microbes in the rumen 
and animal have a high nutrient uptake. The chemical 
composition of feedstuffs was maybe affected by 
the stage of growth maturity, species or variety (Von 
Keyserlingk et al., 1996; Agbagla-Dohnani et al., 2001; 
Promkot and Wanapat, 2004), drying method, growth 
environment (Mupangwa et al., 1997) and soil types 
(Thu and Preston, 1999). These factors may partially 
explain the differences in chemical composition 
between our study and other studies.

Conclusion

Tropical foliage and grasses showed a wide variation in chemical composition and nutritional value contents. 
Herbs are rich in protein but haicha also provides better energy. Tree leaves are rich in both protein and energy. 
Other natural grasses are moderate in their nutrient profile. High fermentation potentials ought to be considered 
before feeding the animals.
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Abstract

As one of the most 
important oil-derived 

and consumed petroleum 
product in Cameroon, 
diesel is used in the entire 
energy sector of the Ca-
meroon economy. This 
paper examines diesel de-
mand in Cameroon as a
function of economic 
growth in terms of GDP. 
This demand uses annual 
data covering the period 
1975-2008. The future 
growth of this demand is
projected using the co-
integration and error cor-
rection modelling (ECM) 
approach with four sce-
narios of annual GDP growth till 2020. Empirical 
results suggest that the series are co-integrated, and 
the error correction model shows that an increase in 
GDP leads to an increase in diesel demand in both the 

long and short term. The 
diesel demand forecast 
curve (1975-2008) fits 
correctly against actual 
data of diesel used. Finally, 
the projections show that 
between 2008 and 2020, 
diesel demand grows ave-
ragely by 5.37%, 5.72%, 
5.00% and 5.38% per year
for scenario 1, scenario 2,
scenario 3 and scenario 4, 
respectively. Thus, energy 
policies in Cameroon 
should prioritize the dis-
covery of new oil fields, 
expand and modernise re-
fining capacities to increase
production and improve 

the storage capacity of petroleum products by at least 
2020.

Keywords: Diesel demand; Co-integration, ECM, Pro-
jections, Cameroon.
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1. Introduction

Energy is the most important national strategic resource
and the key material basis for enhancing state economy
and social development [1]. Energy demand or con-
sumption is useful for every country in the world. 
Energy is a vital input of social and economic deve-
lopment of any nation and the growth in energy con-
sumption is intrinsically linked to economic growth [2].
Modern societies use huge amounts of energy for 
industries, services, housing and transport. Oil, as a
general example,is now the most sold product, parti-

cularly diesel and for which demand is greater than other 
petroleum products in Cameroon (Cameroon Company 
of Petroleum Deposits, CCPD [3]). It is omnipresent in
virtually all energy activities in Cameroon [4]. However, 
as the economy of African countries continues to grow, 
so do concerns about the energy challenges that represent 
an obstacle to the continent’s overall growth, especially 
the achievement of the Millennium Development Goals
(MDGs) (Growth and Employment Strategy Paper, 
GESP [5,6]). Although Africa is endowed with signi-
ficant energy sources that remain untapped in many 
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cases, the continent is marked by the weakness of its 
energy services[4].

Diesel demand-based projections by 2020 can be divided 
into four categories: scenario 1, scenario 2, scenario 3
and scenario 4. These forecast scenarios serve as a 
basis for taking policy decisions, system planning 
and resource allocation following the MDGs. Energy 
demand models for energy forecasting can be useful 
to the Cameroonian government in order to plan 
future capacity development and investment in the 
diesel sector. Therefore, this study is the first attempt 
to conduct an econometric study on the effects of 
structural changes in Cameroon’s diesel demand.  

Energy demand is predominant in the literature on 
energy projection and has been the subject of many 
empirical studies [7-14]. However, a few studies on 
Africa in terms of energy demand (gasoline, electricity 
and so on) exist (see Table 1).

In the present study, we extend the works of Tamba 
et. al. [4] and follow Ghosh’s approach [7]. Ghosh 
[7] examined the long run equilibrium relationship 
between total petroleum products consumption and 
economic growth in India for the period between 1970-
1971 and  2001-2002 using the co-integration and error 
correction modelling approach. The key objective of this
paper is to model and forecast diesel demand in Cameroon
based on a co-integration and error correction modelling 
approach using the four scenarios resulting from annual

GDP projections from now to 2020. The methods used in 
this study are as follows: (1) examine the stationary and 
integration order of two time series using the Augmented 
Dickey-Fuller (ADF) unit root test [21]; (2) if the two 
time series integrated are of the same order (order 
one), one can proceed with the co-integration test by 
applying the Johansen [22, 23] and Johansen-Juselius 
[24,25] maximum likelihood method to obtain the co-
integration vector number; (3) if the two time series are 
cointegrated, one can specify an error correction model 
(ECM) to capture the short run deviation from the long 
run path and estimate it using standard methods and 
diagnostic tests of residuals.   

The structure of the paper is as follows: in the next 
section, we present an overview of some indicators 
that affect diesel demand in Cameroon, in other 
words, the key assumption and input parameters for 
the projection. Section 3 specifies data description and 
study methodology and presents empirical results and 
diesel demand projection. The last section concludes 
the study. 

2. Key assumptions and input parameters 
for projections

2.1 Real GDP

The evolution of the Cameroonian GDP went through 
four main phases (see Figure 1) during which the oil 
sector influenced economic growth [26,27]. Phase 1

TABLE 1. An overview of selected studies in Africa

Researcher

Belhaj[15]

Ibitoye and Adenikinju [16]

Akinboade et. al. [17]

Iwayemi et. al. [18]

Kofi Adom et. al. [19]

Gam and Ben Rejeb [20]

Methodologies

Ordinary least squares

Analytic approach 

Autoregressive distributed lag 

bounds co-integration

Multivariate co-integration approach

Autoregressive distributed lag 

bounds co-integration

Vector autoregressive regression

Countries

Morocco

Nigeria

South Africa

Nigeria

Ghana

Tunisia

Time period of
observations

1970-1996 annual data

2005 annual data

1978-2005 annual data

1977-2006 annual data

1975-2005 annual data

1976-2006 annual data

Energy variable

Gasoline, Diesel

Electricity

Gasoline

Gasoline, Diesel, Kerosene

Electricity

Electricity 
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covers the period 1960-1976 (1960 represents the year
of Cameroon’s independence). It was a period of mode-
rate growth with a GDP growth rate of 3.7%, and 
corresponds to the period when Cameroon had no oil 
production. Phase 2 extends from 1977 to 1986 and 
is a period of high growth with a GDP growth rate 
equal to 14.1%. This corresponds to the explosion of 
oil production in Cameroon. Phase 3 stretches from 
1987 to 1994 and was a period of economic crisis and 
recession. GDP growth rate stood at -3.4%, a decrease 
driven by falling oil production. Finally, Phase 4 extends
from 1995 to 2008 and is recorded as a period of 
renewed economic growth with a GDP growth rate of 
about 4.02%. The balance in the oil sector (decrease in 
oil production and increased consumption of petroleum 
products) is responsible for this recovery. In this study, 
only the last three phases (phase 2, phase 3 and phase 4) 
are considered. Thus, from 3052 billion CFA francs in 
1975, Cameroon’s real GDP rose to 8699 billion CFA 
francs in 2008, i.e an average growth rate of 3.2% per 
year. 

2.2 GDP projections

In April 2003, the Cameroonian government developed 
the first Poverty Reduction Strategy Paper (PRSP) 
through a participatory process involving public admi-
nistration, traders, civil society and development partners.
The mission was to reduce the poverty level to 20-25% by 

2015 (this level was estimated at about 40.2% in 1996) 
[5]. It was therefore a matter of achieving the MDGs 
from two short-term scenarios. Scenario 1 represents the 
minimum scenario of 6% and scenario 2 the maximum 
scenario of 7% of the GDP forecast, recommended by 
the PRSP for the period 2008-2015. Real GDP average 
growth rate (3.2%) per year is well below the minimum 
of 6% of Scenario 1 needed to achieve the MDGs in the
short term. This, therefore, has led the government to 
revise the PRSP scenarios for the medium and long terms. 

The revision of the PRSP aimsto correct the distortions or 
deficiencies identified during the successive evaluations 
of the implementation, and include participatory consul-
tations in March 2008 to really have a strategy of which 
the priority is economic growth and which consecrates 
efficient policies to redistribute the fruits of growth [6]. 
The results of this PRSP review give rise to a medium 
term scenario (scenario 3) which is characterized by a 
GDP projection by 2020 in the GESP and a long term 
scenario (scenario 4) representing the GDP forecast 
until 2035 in a development vision to 2035 of GESP [6] 
(see Figure 2). 

For the government, GESP [6] is the empirical expression 
of an integrated framework for sustainable human 
development in the medium term for Cameroon, offering 
a progressive path towards MDGs in the country by 
2020. Its long term extension allows Cameroon to 

Figure 1. GDP in Cameroon from 1960 to 2008.

Figure 2. GDP growth rate from 2008 to 2020.
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have a development vision by 2035 that allows it to 
become a middle income country and reach the status 
of a newly industrialized country. Thus, Figure 2 and 
Figure 3 show the growth rate progression of real 
GDP and real GDP projections, respectively. In order 
to standardize the study period, the authors limited the 
projection period to 2020. This implies that scenario1 
and scenario2 will be extended while scenario4 will be 
reduced.

2.3 Diesel demand

In terms of primary energy production, oil production 
was ranked second with a 46% share, between biomass 
production (50%) and electricity production (4%). In 
terms of final energy consumption, petroleum products 
were equally ranked second with 16% between bio-
mass (77%) and electricity consumption (7%) in 2008 
[26,27]. By sector, transport and industries are the 
highest consumers of petroleum products. Among these
products, diesel has been the most consumed in
Cameroon since 2000 (Hydrocarbons Prices Stabili-
zation Fund, HPSF) [28]). Moreover, diesel is used 
as energy in all energy sectors of the Cameroonian 
economy. It is found in household lighting and industries 
by means of self-production of electricity and in the 
production of public electricity through diesel power 
plants. Diesel is present in three types of transport in 
Cameroon: road, maritime and rail. It is used as fuel in 

industries for the operation of furnaces and boilers, as 
well as in agriculture through tractors. National diesel 
consumption has a greater influence on the country’s 
economic growth than any other petroleum product 
(Department of Analysis and Economic Policies of the
Ministry of Economy, Planning and Regional Deve-
lopment).Visual examination of Figure 4 suggests that 
the progression of diesel use in Cameroon between 
1975 and 2008 occurred in three phases that can be 
identified in the following paragraphs.

Phase 1 marks the growing use of diesel and covers the 
period 1975 (151306 m3) - 1982 (371943 m3). Demand 
for diesel rose to 220637 m3 which corresponds to 
an annual average growth rate of 13.71%. Diesel 
reached a peak (1982) that was higher than economic 
growth (1986). Phase 1 can be identified in Phase 2 of 
economic growth with an average annual growth rate 
in two digits.

Phase 2 shows the decline of demand for diesel from 
1983 (356670 m3) to 1995 (232641 m3). This drop is 
driven by the economic crisis that reached its worst 
in 1994. Phase 2 recorded a decrease with an annual 
average growth rate of -3.55% and can be identified in 
Phase 3 of the evolution of real GDP with an annual 
average growth rate of -3.4%.

Figure 3. GDP forecast in Cameroon from 2008 to 2020.

Figure 4. Total diesel used in Cameroon from 1975 to 2008.
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Phase 3: demand increased again over the period 1996 
(257204 m3) - 2008 (450817 m3). The annual average 
growth rate was relatively weaker than the first one at 
about 5.22%. This low growth rate may have been be 
caused by undefined disturbances in 1999 and 2005, 
which certainly slowed the growth of phase 3. The 
timid growth rate (5.22%) of Phase 3 was slightly 
higher than the GDP (4.02%) of phase 4.  

Ultimately, we can say that demand for diesel in 
Cameroon has evolved almost at the same pace as 
economic growth between 1975 and 2008, with an 
annual average growth rate of 4.12%.

The works of Tamba [29] on studying prospective 
demand for petroleum products show from Figure 5
that the road transport sector is the first in terms of 
diesel use in Cameroon with an annual average growth 
rate of 5.75%. It is followed by industry (6.19%), public 
electricity production sectors using thermal power plants 
(-0.81%), rail (1.97%), petroleum refining (5.37%) 
and shipping (9.51%). This included self-generation 
of electricity (offshore and onshore) using generators 
in the industry. Figure 6 shows the distribution of 
demand for diesel as a percentage and by sector in 
1995 and 2008. Road transport has the largest share 
of demand for diesel in Cameroon. It accounted for 
more than half the total demand for diesel, represented 
51.32% share in 1995 against 54.76% in 2008, and 
its demand is rising. The industry is second with a 
demand that increased from 29.70% in 1995 to 33.47% 
in 2008. There is however a fall in diesel demand in 
the rail transport sector (5.59% against 3.72%),while 
production of electricity from thermal power plants 
increased (10.75% against 4.99%) in the period 1995-
2008. Maritime transport and oil refining sectors are 
characterized by very small shares. Sector1 represents 
road transport, sector2 thermal power plants, sector3 
industry, sector4 rail transport, sector5 petroleum refining 
and sector6 maritime transport.

Figure 5. Total diesel use by sector in Cameroon from 1995 
to 2008

Figure 6. Total diesel use in percentage by sector
between 1995 and 2008
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3. Data, Methodology and Empirical 
Results

3.1 Data

Annual data on GDP and diesel use are for the period 
from 1975 to 2008. GDP is used as a proxy for economic 
growth. The history and nature of data are the same as 
that used in [4]. The logarithm terms of these variables 
are used in this respect. LGAS is the logarithm of diesel 
used and LGDP is the logarithm of GDP.

3.2 Stationary study

We use the unit root test to verify if the two series are 
stationary [30]. Similar to other researchers [4,19,20,31], 
the integration order of the natural logarithm of variables 
is done using Augmented Dicker-Fuller (ADF) unit 
root test [21]. The unit root test consists of verifying 
the null hypothesis H0: r=1 (non-stationary) against the 
alternative hypothesis H1: r<1 (stationary). For time 
series xt, ADF relationship is expressed as [32]:

where ∆ is the difference operator, k is the auto-
regressive lag length, et is assumed to be a Gaussian 
white noise random error in the three forms, t=1,…,T 
is a term for trend and r, a and b are the coefficients of 
interest. Equation (1) represents model 1 (no constant, 
no trend), equation (2) represents model 2 (constant, no 
trend) and equation (3) represents model 3 (constant, 
trend). As indicated by Tamba et al. [4], when these 
series are found to be non-stationary, we take the first-
difference and we apply the ADF tests again on the 
differenced data and so on.

The calculated ADF statistic form testing the time series 
properties of the variables are given in Table 2. It presents 

the results of the unit root tests on the logarithmic 
transformation of the levels and first differences of the
two times series. The t-statistics for LGAS and LGDP 
in levels are not statistically significant, which means 
that the null hypothesis that variables in levels are non
stationary cannot be rejected at the 5% level of signifi-
cance. In contrast, the t-statistics for the first difference 
of the LGAS and LGDP are statistically significant, 
leading to the rejection of the null hypothesis at 5% 
level of significance that the first differences are non-
stationary. The variables are stationary in the first diffe-
rence. This indicates that the LGAS and LGDP variables 
of Cameroon are individually integrated of order one. 

3.3 Co-integration test

This step involves examining the co-integration relation-
ship among the variables using the vector autoregressive 
(VAR) approach of Johansen [22,23] and Johansen and 
Juselius [24]. The representation VAR of order k is 
given by

where ∏1,…,∏k are (p×p) lag coefficient matrices, et 
is a (p×1) vector of disturbance terms assumed normal 
and independent with zero mean and non-singular 
variance-covariance matrix. μ0 and μ1 are (p×1) vector 
of constants terms and trends terms, respectively. We 
can rewrite this structural VAR in error form as

(5)

(1)

(2)

(3)

TABLE 2. ADF unit root tests

Levels

LGDP

LGAS

First difference

LGDP

LGAS

2.008303

-2.922798a

-2.981174a

-1.875990

Variable
1. No constant. 

no trend
t-statistic

2. Constant. 
no trend
t-statistic

3. Constant. 
trend

t-statistic

-3.341704

-1.759899

a Represents rejection of the null hypothesis at 5% level of significance.

(4)
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TABLE 4. Johansen and Juselius co-integration test

Number of co-integration

Trace test

Nonea

At most 1

Maximum eigenvalue test 

Nonea

At most 1

Eigenvalue

 

 0.410583

 0.112161

 0.410583

 0.112161

Statistic

 20.72277

 3.806867

 16.91591

 3.806867

5% Critical Value

 15.49471

 3.841466

 14.26460

 3.841466
a denotes rejection of the hypothesis at the 5% level.

TABLE 3. Selection of lag length

Lag

0

1

2

3

4

LogL

 65.08908

 141.4776

 147.4296

 153.4702

 154.4797

LR

NA

137.4993 

9.920051a

9.262143

1.413413

FPE

5.11e-05

4.10e-07

3.62e-07 

3.20e-07a

3.98e-07

AIC

-4.205939

-9.031840

-9.161976

-9.298011a

-9.098650

SC

-4.112526

-8.751601a

-8.694910

-8.644119

-8.257931

HQ

-4.176055

-8.942189

-9.012557

-9.088825a

-8.829696

a indicates lag order selected by the criterion/SC: Schwarz information criterion

where
.

∏ matrix is presented in [4]. We use two statistics to 
test for co-integration. The likelihood ratio statistics for 
the maximum eigenvalue test and the trace test are the 
following equation:

Where T is the maximum time in the time series t. 
Since co-integration tests are sensitive to the choice of 
lag length, we use the Schwartz Information Criteria 
(SC) to determine the optimal lag lengths.

According to the SC, the optimal lag order of the VAR 
is chosen as one (see Table 3). Denoting the number of 
cointegrating vectors by r0, the maximum eigenvalue 
test is calculated under H0:r0=r; against H1:r0>r. The 
trace test is calculated under H0:r0≤r; against H1:r0>r 
[31]. The results of the Johansen maximum likelihood 
co-integration are presented in Table 4. According to 

maximal eigenvalue tests, the null hypothes is H0:r0=0 
of no co-integration is rejected at the 5% level of 
significance in favour of the alternative hypothesis. 
Turning to the trace test as shown in Table 4, H0:r0=0 is 
also rejected at the 5% level of significance. However, 
the null hypothesis H0:r0≤1, the maximum eigenvalue 
and trace statistics are equal to 3.806867, which are 
below the 5% critical value of 3.841466. Thus, the 
null hypotheses H0 are accepted at the 5% level of 
significance. These results imply that the series LGAS 
and LGDP have one co-integrating equation. In other 
words, there is a long run relationship between diesel 
demand and GDP for Cameroon. The co-integration 
relationship can be represented by:

(0.179)

Value in the parentheses indicates standard errors. As
shown in Equation (8), following the long run relation-
ship, diesel use and GDP are directly proportional 
because the GDP coefficient is positive. Thus, in the 

(6)

(7)

(8)
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long run, a 1% increase in GDP leads to an increase 
in diesel demand by 1.30%. Briefly, energy demand in 
Cameroon is affected by changes in economic activity 
[4,33].

3.4 Error correction model

The Error Correction Model (ECM) is used to moderate 
adjustments leading to a long run equilibrium situation 
[20]. The model in its general form is as follows:

where xt and yt are the dependent variables vector and 
represent diesel use and GDP in logarithmic form, 
∆xt and ∆yt are the differences in variables. jj and gj 
capture the short run relationship or are parameters to 
be estimated. ut is the Gaussian white noise random 
error or serially uncorrelated error term and ECTt-1 is 
the error correction term derived from the long run co-
integration relationship. The optimumlag lengths land-
mare determined on the basis of SIC. The results of the 
estimated error correction model are reported in Table 5.

Once a co-integration relationship is established, an 
ECM can then be estimated to determine the short 
run dynamic behaviour of the variable around its 
equilibrium level. Technically, ECT measures the speed 
of adjustment back to the co-integration relationship 
[7]. We note that the coefficient of the ECT is found to 
be negative (-0.0213) (see Table 5). Then, we conclude 
that we have a phenomenon of return to equilibrium. 
Thus, the presence of an error correction mechanism 
is established. In addition, in a short run, we see that 
the growth rate of diesel demand is heavily dependent 
(55.16%) and in a positive manner to the growth rate 
of the previous period of diesel consumption. The GDP 
coefficient is found to be positive (0.0551). We conclude 
therefore that an increase in GDP leads to an increase 
in diesel demand in the short run.The robustness 
of the ECM is evaluated by using the normality, the 
autocorrelation and White heteroscedasticity tests. 
At the 5% level, none of these tests rejects the null 
hypothesis (Table 6).

(9)

TABLE 5. Error correction model estimation

CointEq1

∆(LGAS(-1))

∆(LGDP(-1))

C

 R-squared

 F-statistic

 Log likelihood

 Akaike AIC

 Schwarz SC

-0.021328 (0.08295)

[-0.25713]

 0.551605 (0.20359)

[ 2.70941]

 0.055069 (0.26066)

[ 0.21127]

 0.004734 (0.00771)

[ 0.61414]

 0.285911

 3.736937

 64.20212

-3.762632

-3.579415

Error Correction Δ(LGAS)

Standard errors in ( ), t-statistics in [ ], ∆ is first-difference and 
one lag value (-1)
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TABLE 6. Diagnostic test of residuals

Normality tests

0.3448

0.8849

0.6333

Probability
0.5480

0.6113

0.7337

Probability

0.4882

0.8105

0.3885

0.7949

Probability

0.1242

Probability
0.5343

0.8697

0.8208

Probability
2.48768

3.433439

LM-Stat

3.432490

1.590346

4.131614

1.676887

df

12

Kurtosis
1.253523

0.279278

1.532801

Jarque-Bera
-0.402859

-0.061728

SkewnessComponent
1

2

Joint

Lags

1

2

3

4

Chi-sq

17.72746

Autocorrelation LM tests

White heteroscedasticity tests

3.5. Diesel demand projection

Using the results of the co-integration and error cor-
rection modelling technique, our objective is to forecast 
diesel demand in Cameroon by 2020. Thus, Figure 7 
shows the adjustment functions between actual and 
projected diesel demands. In addition, Figure 8 clearly 
illustrates that the forecast function of diesel demand 
correctly fits with actual data of diesel demand with 
approximately an error margin of ±3.5%. Finally, 
diesel demand projections are illustrated in Figure 9 
which shows changes in diesel demand in Cameroon in 
four scenarios over the period 2008-2020. 

Figure 7. Adjustment between actual and projected diesel 
demand

Figure 8. Residuals of diesel demand

Figure 9. Forecasting of diesel demands
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In Table 7, scenario1 shows that diesel demand will 
continue to increase at an annual average rate of 5.37% 
and will amount to 0.828 million cubic meters in 2020, 
corresponding to an 83.61% increase compared to 
the 2008 demand level. Scenario2 shows that diesel 
demand will continue to increase at an annual average 
rate of 5.72% and will reach 0.865 million cubic meters 
in 2020, corresponding to a 91.80% increase compared 
to the 2008 demand level in Table 8. Scenario3 shows 
that diesel demand will continue to increase at an 
annual average rate of 5.00% and will amount to 0.791 
million cubic meters in 2020. This corresponds to a 
75.49% increase compared to the 2008 demand level 
in Table 9. Finally, in Table 10, scenario4 shows that 
diesel demand will continue to increase at an annual 
average rate of 5.38% and will turn out to be 0.829 
million cubic meters in 2020, corresponding to an 
increase of 83.93% compared to that in 2008. Thus, 
the average diesel demand in Cameroon in relation to 
the four scenarios is greater than 0.800 million cubic 
meters in 2020.

TABLE 7. Scenario1: demand projections for 2008-
2020

Year Cubic 
meters Annual % changea Index (2008 = 100

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

450817

498848

520944

543340

566718

591539

618134

646763

677645

710982

746971

785815

827723

7.44

10.65

4.43

4.30

4.30

4.38

4.50

4.63

4.77

4.92

5.06

5.20

5.33

100.00

110.65

115.56

120.52

125.71

131.21

137.11

143.46

150.31

157.71

165.69

174.31

183.61

a Note: Average annual change is 5.37%.

TABLE 9. Scenario3: Diesel demand projections for 
2008-2020

Year Cubic 
meters Annual % changea Index (2008 = 100

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

450817

497422

516979

536437

556636

578472

602119

627549

655769

685879

718525

753590

791136

7.44

10.34

3.93

3.76

3.77

3.92

4.09

4.22

4.50

4.59

4.76

4.88

4.98

100.00

110.34

114.68

118.99

123.47

128.32

133.56

139.20

145.46

152.14

159.38

167.16

175.49

a Note: Average annual change is 5.00%.

TABLE 8. Scenario2: Diesel demand projections for 
2008-2020

Year Cubic 
meters Annual % changea Index (2008 = 100

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

450817

499237

522107

545673

570634

597482

626587

658257

692766

730381

771376

816035

864664

7.44

10.74

4.58

4.51

4.57

4.70

4.87

5.05

5.24

5.43

5.61

5.79

5.96

100.00

110.74

115.81

121.04

126.58

132.53

138.99

146.01

153.67

162.01

171.11

181.01

191.80

a Note: Average annual change is 5.72%.
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TABLE 10. Scenario4: Diesel demand projections 
for 2008-2020

Year Cubic 
meters Annual % changea Index (2008 = 100

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2019

2020

450817

497422

516938

536398

556731

578872

603278

630463

661800

696585

735685

779626

829204

7.44

10.34

3.92

3.76

3.79

3.98

4.22

4.51

4.97

5.26

5.61

5.97

6.36

100.00

110.34

114.67

118.98

123.49

128.41

133.82

139.85

146.80

154.52

163.19

172.94

183.93

a Note: Average annual change is 5.38%.

Conclusion

This paper established the diesel demand projections for Cameroon using co-integration and error correction 
modelling approaches, with four scenarios resulting from the annual GDP projection until 2020. We began by 
testing the order of integration of series by the ADF unit root test. Then, we tested the co-integration to determine 
the existence of a long term relationship between diesel demand and GDP. Finally, we estimated the error 
correction model aimed at accounting in a same equation for a possible deviation from long run equilibrium and 
the short term adjustment dynamics of this equilibrium. The study shows the existence of a long run equilibrium 
relationship between diesel demand and GDP, and the co-integration tests concluded to the existence of ECT 
with the variables. 

An interesting finding of the study illustrates that the vector error correction model analysis found that in the 
long run a 1% increase in GDP leads to an increase in diesel demand by 1.30% and an increase in GDP leads to 
an increase in diesel demand in the short run. As shown in Figure 7 and Figure 8, the forecast function of diesel 
demand fits correctly with the current data of diesel demand with an approximate error margin of ±3.5%.

Four alternative scenarios for diesel demand based on different GDP growth rateswere projected. Using the 
results of the co-integration and error correction modelling technique, we generatedforecast scenarios of diesel 
demand in Cameroon until 2020. We analysed four cases with respect to economic growth rates. Two short term 
growth rate cases are represented by scenario1 and scenario2, respectively with 6% and 7% annual real GDP 
growth between 2008 and 2020. In the medium and long term growth rate cases, represented by scenario3 and 
scenario4, the GDP growth rates were projected till 2020 (see Figure 2).    
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The results of this study show that between 2008 and 2020, diesel demand projection scenarios have annual 
average growth rates of 5.37%, 5.72%, 5.00% and 5.38% for Scenario1, scenario2, scenario3 and scenario4, 
respectively. Scenario1 remains the most important of the projection periods with a value of 0.865 million cubic 
meters in 2020, while scenario3 is the least important of the four scenarios (0.791 cubic meters in 2020). Finally, 
average diesel demand in Cameroon for the four scenarios is greater than 0.800 million cubic meters in 2020.

To meet the demand for diesel as projected in this study, and for petroleum products in general, some suggestions 
can be made to the government of Cameroon:

(a) Cameroon is located in the Gulf of Guinea, with neighbours having large proven oil reserves, according 
to British Petroleum [34]. Thereserves-to-production ratios are approximately 42.4 years for Nigeria, 
41.2 years for Gabon, 33.7 years for Chad and 17.1 years for Equatorial Guinea. Given its location, it is 
likely that Cameroon’s proven oil reserves are as important as those of its neighbours. As a result, new 
permits for petroleum exploitation and exploration must be granted by the government of Cameroon 
through the National Hydrocarbons Corporation. These should focus on the border area of Lake Chad 
and the offshores of South-western Cameroon, boosted by the hope of developing the Bakassi Peninsula 
which is potentially rich in light crude oil.

(b) The Cameroon Ministry of Water Resources and Energy should accelerate the implementation of the 
proposed expansion and modernization of the refinery company. This will be converted from a simple 
type topping refinery into a complex refinery. Moving from the current nominal refining capacity of 
2.1 million metric ton to that of 3.5 million metric tons in the future will be of great help. Cameroon’s 
national refinery will thus consume a large amount of the local crude oil production (this consumption 
may be much higher than the current 10%) and less dependent on external supplies (particularly from 
Nigeria). 

(c) Already present in seven regions of Cameroon with a storage capacity of approximately 265,988 cubic 
meters for 13 deposits, CCPD will also build new petroleumstorage facilities in all 10 regions of the 
country. This will ensure the management of any possible shortage crisis in petroleum products secure 
the country’s strategic stocks and supply the domestic market.

(d) The Ministry in charge of transport should modernize transportation logistics, develop and expand the 
current modes of transport to facilitate the distribution of petroleum products by concession holders in 
rural areas while preservingfragile ecology. New distribution licenses will be granted to increase the 
number of concession holders (426 petrol stations in 2008) and private outlets. This will facilitate the 
distribution of petroleum products throughout the territory including rural areas and northern Cameroon. 
HPSF should regulate and subsidize fuel prices at the pump in view of the large distances between CCPD 
deposits and some petrol stations. This measure will improve the presence of petrol stations in rural areas.   

The energy policies mentioned above will certainly help meet the demand in diesel in Cameroon as projected in 
this study.

Ultimately, diesel and other petroleum products are non-renewable resources, and will potentially become scarce 
in the long run. Thus, for the sake of the future, this would be a proper time for the government to start exploring 
a variety of alternative and clean fuel options that will be more suitable for the nation in the long run. It should be 
noted that the switch of energy resources would require large resources, investment, manpower, and time. Energy 



Tamba, Nsouandele, Koffi & Sapnken / ISESCO Journal of Science and Technology - Volume 11, Number 20 (November 2015) (44-57)

56

[1] Feng S.J., Ma Y.D., Song Z.L., &Ying J., Forecasting the energy con-
sumption of China by the grey prediction model. Energy Sources, Part 
B: Economics, Planning, and Policy 7, pp. 376-389,(2012).

[2] Parikh J., Purohit P., Maitra, P., Demand projections of petroleum products

and natural gas in India. Energy 32, pp. 1825-1837, (2007).

[3] CCPD, Cameroon Company of Petroleum Deposits Statistics, CCPD, 
(2009).

[4] Tamba J.G., Njomo D., Limanond T, and Ntsafack B., Causality analysis 
of diesel consumption and economic growth in Cameroon. Energy 
Policy 45, pp. 567-575, (2012).

[5] GESP, Growth and Employment Strategy Paper: Report stage of 31st

December, Ministry of Economy, Planning and Regional Development, 
(2005).

[6] GESP, Growth and Employment Strategy Paper: Government reference 
framework action for 2010-2020, Ministry of Economy, Planning and 
Regional Development,(2009).

[7] Ghosh S., Future demand of petroleum products in India. Energy Policy 
34, pp. 2032-2037, (2006).

[8] Atakhanova Z. and HowieP., Electricity demand in Kazakhstan, Energy 
Policy 35, pp. 3729-3743, (2007).

[9] Amarawickrama H.A., & Hunt L.C., Electricity demand for Sri Lanka: 
A time series analysis. Energy 33, pp. 724-739, (2008).

[10] Bhaskara Rao B. and Rao G.,Co-integration and the demand for gaso-
line. Energy Policy 37, pp. 3978-3983, (2009).

[11] Erdogdu  E., Natural gas demand in Turkey, Applied Energy 87, pp. 
211-219, (2010).

[12] Wadud Z., Dey H.S., Kabir, M.A., Khan S.I., Modelling and forecasting 
natural gas demand in Bangladesh. Energy Policy 39, pp. 7372-7380, 
(2011).

[13] Kankal M., Akpınar A., Komurcu M.I., Ozsahin T.S., Modeling and 
forecasting of Turkeys energy consumption using socio-economic and 
demographic variables. Applied Energy 88, pp. 1927-1939, (2011).

[14] Rallapalli S.R. and Ghosh S., Forecasting monthly peak demand of 
electricity in India - A critique. Energy Policy 45, pp. 516-520, (2012).

[15] Belhaj M.,Vehicle and fuel demand in Morocco. Energy Policy 30, pp. 
1163-1171, (2002).

[16] Ibitoye F.I. and Adenikinju A., Future demand for electricity in Nigeria.
Applied Energy 84, pp. 492-504, (2007).

[17] Akinboade O.A., Ziramba E., Kumo W.L., The demand for gasoline in 
South Africa: An empirical analysis using co-integration techniques.
Energy Economics 30, pp. 3222-3229, (2008).

[18] Iwayemi A., Adenikinju A., Babatunde M.A., Estimating petroleum 
products demand elasticities in Nigeria: A multivariate co-integration 
approach. Energy Economics 32, pp. 73-85, (2010).

[19] Kofi Adom P., Bekoe W., Akoena S.K.K., Modelling aggregate 
domestic electricity demand in Ghana: An autoregressive distributed 
lag bounds co-integration approach. Energy Policy 42, pp. 530-537, 
(2012).

[20] Gam I. and Ben Rejeb J., Electricity demand in Tunisia. Energy Policy 
45, 714-720, (2012).

[21] Dickey D.A. and Fuller W.A., Likelihood ratio statistics for auto-
regressive time series with a unit root, Econometrica, 49, 1057-1072, 
(1981).

[22] Johansen S., Statistical analysis of cointegrating vectors. Journal of 
Economic Dynamics and control, 1988, 12, pp. 231-254.

[23] Johansen S., Estimation and hypothesis testing of co-integration 
vectors in Gaussian vectors autoregressive models. Econometrica 59, 
pp. 1551-1580, (1991).

[24] Johansen S. and Juselius K., Maximum likehood estimation and 
inferences on co-integration with application to the demand for 
money. Oxford Bulletin of Economics and Statistics 52, pp. 169-210, 
(1990).

[25] Johansen S. and Juselius K., Testing structural hypothesis in a multi-
variate co-integration analysis of the PPP and the UIP for UK. Journal 
of Econometrics 53, pp. 211-244, (1992).

[26] SIE-Cameroon, Cameroon energy information system: Report 2009, 
Ministry of Energy and Water Resources,(2009).

[27] SIE-Cameroon, Cameroon energy information system: Report 2010, 
Ministry of Energy and Water |Resources, (2011). 

[28] HPSF Statistics, Petroleum Statistic Office Study,(2009).

[29] Tamba J.G., Modélisation prospective des émissions de gaz à effet de
serre provoquées par la combustion des produitspétroliers au Cameroun 
jusquà l’horizon 2030 dans un scénario de type A1 du SRES, PhD 
Thesis, University of Yaounde 1, (2013). 

References

planning in Cameroon with considerations of alternative fuels is required to ensure energy security and sustain 
the social and economic growth in the country for future years.

Acknowledgment

The authors thank the Cameroon Ministry of Water Resources and Energy and the Ministry of Economy, Planning 
and Regional Development for the documentation support. Finally, we would like to express our sincere gratitude 
to the anonymous reviewers and the editor of the Journal for many valuable comments.



Tamba, Nsouandele, Koffi & Sapnken / ISESCO Journal of Science and Technology - Volume 11, Number 20 (November 2015) (44-57)

57

[30] Engle R.F. and Granger C.W.J., Co-integration and error correction: 
representation estimation and testing, Econometrica 55, pp. 251-276, 
(1987).

[31] Belloumi M., Energy consumption and GDP in Tunisia: Co-integration 
and causality analysis. Energy Policy 37, pp. 2745-2753, (2009).

[32] Tamba J.G., Njomo D., Limanond T., and Nomo B.C,, CO2 emissions, 
diesel consumption and economic growth in Cameroon: Co-integration 

and causality analysis, 1975-2008. ISESCO Journal of Science and 
Technology 10, pp. 42-57, (2014).

[33] FondjaWandji Y.D.,Energy consumption and economic growth: Evi-
dence from Cameroon. Energy Policy 61, 1295-1304, (2013).

[34] BP, BP Statistical Review of World Energy,
http://www.bp.com/statisticalreview, (2011).



58585858

Abstract

This study compared 
the trend analysis of

fatalities from road acci-
dents in selected Local 
Government Areas (LGAs) 
in Lagos State, Nigeria. 
There is a growing belief
that fatalities from road
accidents in the metro-
polis are on the rise despite 
all the sensitisation and 
other efforts geared at
reducing them. The LGAs
studied were randomly 
selected from the metro-
polis and are Ajeromi-
Ifelodun, Ikeja the state 
capital, Lagos Island, and
Lagos Mainland. The 
data used were secondary data from accident records 
obtained from the Federal Road Safety Commission 
(FRSC) for a period of thirty two (32) years between 
1980 and 2011. Trend analysis was carried out for the 
selected LGAs using Minitab. From this analysis, it was 
observed that fatalities from road traffic accidents for 
each of the Local Governments under study between 

1980 and 2011 showed a
general increase over the
study period, with an in-
crement rate of 7.02. It 
was also discovered that
Lagos Island had the 
highest increase rate (2.55),
followed by Ajeromi-
Ifelodun (2.52), Ikeja 
(1.48), and the lowest was 
Lagos Mainland (0.465). 
Based on these findings, 
the study recommended the
identification of factors 
behind the very slow inci-
dence rate in Lagos Main-
land, their reinforcement 
and introduction to other 
LGAs, and that massive 
orientation be embarked 

on to sensitize road users, especially driver The 
Federal Road Safety Commission (FRSC) should also 
be more empowered to carry out its duties in order to 
curb the phenomenon of fatalities from traffic accidents 
in Lagos State.

Keywords: Fatalities, Time series, Trend approach, Traffic 
accident.

Fatalities from Road
Accidents in Selected LGAs 

in Lagos State: 
A Comparative Trend

Approach
*Ayodeji Adekunle Ayo,
*M. Ikegwu Emmanuel,

*A. Fadiji Ademola, **Lucas B. Ojo
*Department of Statistics, Yaba College of 

Technology, Yaba, Lagos
**School of Technical Education, Yaba 

College of Technology,Yaba, Lagos
in affiliation with the University of Nigeria, 

Nsukka, Republic of Nigeria
Email: ayodejikunle@gmail.com

1. Introduction

There is a growing belief that fatalities from road 
accidents in the metropolis of Lagos in particular, and 
in the nation in general are on the rise despite all the 
sensitization and other efforts geared at reducing them. 
Road transportation is undeniably the most widely used 
means of transport in Nigeria compared to other means 
such as air, rail and water. Olagunju (2013) contended 

that road traffic crashes had become a major cause of 
death worldwide, claiming more than 300,000 lives 
and injuring between 10 and 15 million people yearly. 
He also stated that Nigeria had one of the highest road 
traffic crash figures in the world. In his own words, 
“Nigeria has five deaths per 10,000 vehicles and four 
deaths per 100,000 human populations”. The import of 
these statistics is that 6000 Nigerians lost their lives in 
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road accidents in 2012, along with many injuries. These 
unnecessary casualties were attributed to drunkenness, 
drug addiction, recklessness, disregard of road traffic 
signs, over-speeding, overloading and other traffic rule 
violations and distractions such as phoning or texting 
while driving, poor maintenance of vehicles and 
taking unnecessary risks on the road (Olagunju, 2013). 
Umar (n.d.) enumerated the causes of road traffic 
accidents conventionally into human, mechanical and 
environmental factors. He indicated that the human 
factor accounts for up to 90% of accidents while 
mechanical and environmental factors are secondary to 
it. Lack of knowledge of road signs and regulations, 
illiteracy, health problems like poor eye sight, excessive 
speeding, alcoholism, drug abuse, arrogance and over-
confidence are some of the human factors mentioned 
as causes of road traffic accidents, and these factors 
are rife in Lagos State. The mechanical factors listed 
include poor vehicle maintenance, tyre blowouts and 
poor lights, un-roadworthy vehicles, broken down 
vehicles on the road without adequate warning signs in 
rainfall, sun reflection, storms, heavy winds, potholes 
and un-tarred roads are some of the environmental 
conditions that contribute to road traffic accidents.

Saanu (2013) argued that established agencies such 
as FRSC and VIOs must accomplish their duties of 
checking the conditions of vehicles circulating on our 
roads without extorting money or collecting bribes 
from drivers. Badly maintained, overused vehicles 
and vehicles in generally bad condition should be 
scrapped and every vehicle allowed to circulate must 
be thoroughly checked and examined to ensure its 
roadworthiness.

Citizens must play their own part in bringing about a 
reduction of road accidents by refraining from ingesting 
alcohol when they are about to or already driving, 
ensure that they are in good health before driving, obey 
all traffic signs and rules, avoid over-speeding and 
dangerous over-taking on our roads, and make sure that 
they use their seat belts. 

This study focused on identifying the pattern of fatalities 

in the four selected Local Government Areas, fitting a 
trend model of road accident fatalities, determining 
which of the Local Government Area has the highest 
fatality rate and forecasting the future occurrence of 
fatalities in the four selected Local Government Areas.

2. Methodology

The bulk of the information used in this paper came 
from secondary sources that include accident records 
of the Federal Road Safety Commission, the Nigeria 
Police Force, the Federal Ministry of Transport and 
the Federal Office of Statistics. Time series analysis 
comprises methods for analysing time series data in 
order to extract meaningful statistics and other data 
characteristics. Time series forecasting is the use of 
a model to predict future values based on previously 
observed values (Wiki, 2012).

Trend Analysis is the practice of collecting information 
and attempting to spot a pattern or trend in the infor-
mation. Although trend analysis is often used to predict 
future events, it could be used to estimate uncertain 
events in the past. In statistics, trend analysis often 
refers to the techniques of extracting an underlying 
behaviour pattern in a time series which would other-
wise be partly or nearly completely hidden by noise. 
A simple description of these techniques is trend 
estimation which can be undertaken within a formal 
regression analysis. Today, trend analysis often refers 
to the science of studying changes in social patterns, 
including fashion, technology and consumer behaviour.

Finally, in an attempt to examine the temporal pattern 
of fatality from road traffic accidents in the study area, 
time series and trend analyses of road traffic accident 
statistics were undertaken. Time series and trend 
analyses showed the pattern of the number of fatalities 
over the study period (i.e. 1980-2011).

The justification for choosing Ikeja, Lagos Island, Lagos 
Mainland and Ajeromi/Ifelodun Local Government 
Areas for this study lies in the fact that they account for 
more than fifty 50%of vehicular traffic in Lagos State 
(Atubi, 2007).
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3. Results

Observations show that Ikeja, Lagos Island and Ajeromi-
Ifelodunare the three local governments with the 
highest number of road traffic accidents in the study 
area. These three Local Government Areas emerged as 
having the highest road traffic accident records. Out 
of the three, the Ikeja Local Government Area also 
appears to have the highest number of deaths from 
road traffic accidents. All these data show that Ikeja, 
Ajeromi/Ifelodun, Lagos Island and Lagos Mainland 
Local Government Areas are notorious for road traffic 
accidents and their associated consequences, such as 
deaths and injuries. This is further illustrated in the 
Figure 1.0 above.

Lagos Island Local Government Area had the lowest 
figure of 23 in 1981 and the highest figure of 150 in 
1995. The model fitted is RTAFLI = 44.61 + 2.55 period. 
The analysis shows that the fatality occurrence from 
road traffic accidents is on the increase as the gradient 
is in an upward direction i.e. an average addition of 3 
fatalities per year. The projections for four years (2012-

2015) are approximately 128, 131, 133, and 136 fatal 
cases, respectively, which is also on the increase.

The Ajeromi-Ifelodun Local Government Area had 
the lowest figure of 20 in 1980 and the highest figure 
of 121 in 2011 (RTAFAI = 38.42 + 2.52 period). The 
analysis shows that the fatality occurrence from road 
traffic accidents is on the rise as the gradient is in an 
upward direction i.e. an average additional 3 fatalities 
per year. The forecasts for four years (2012-2015) are
approximately 122, 124, 126, 129 fatal cases, respec-
tively, which is also on the increase.

The Ikeja Local Government Area had the lowest figure 
of 30 in 1980 and the highest figure of 110 in 2000. 
The model fitted is RTAFIK = 61.93 + 1.48 period. 
The analysis shows that the fatality occurrence from 
road traffic accidents has always been on the increase 
as the gradient is in an upward direction i.e. an average 
additional 1 fatality per year. The projection for four 

Figure 1. Multiple time plot of reported road accident fatalities in 
the selected LGAs in Lagos State

Figure 2. Trend analysis of road accident fatalities in Lagos 
Island LGA

Figure 3. Trend analysis of road traffic accident fatalities in the 
Ajeromi-Ifelodun LGA

Figure 4. Trend analysis of road traffic accident fatalities in Ikeja 
LGA
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years (2012-2015) is approximately 111, 112, 113, 115 
fatal cases, respectively, which is minimally on the 
increase.

The Lagos Mainland Government Area had the lowest 
figure of 25 in 1980 and the highest figure of 75 in year 
2004. The model fitted is RTAFLM = 44.39 + 0.465 
period. The analysis shows that the fatality occurrence 
from road traffic accidents has been on the increase 
with an average of less than 1 additional fatality 
per year. The forecast for four years (2012-2015) is 
approximately 60, 60, 61, 61 fatalities, respectively, 
which is also minimally on the increase.

The total cases of fatalities for the selected Government 
Area reveals the lowest figure of 100 in 1980 and the 
highest figure of 437 in 1994. The model fitted for 
total fatalities in the four selected LGAs is RTAF = 
189.4 + 7.02 period. This model is indeed an addition 
of the four separate models fitted for the individual 
LGAs selected. The analysis shows that the fatality 

occurrence from road traffic accidents has always been 
on the rise as the gradient is in an upward direction with 
an average additional 7 fatalities in the four LGAs. The 
forecast for four years (2012-2015) is approximately 
421, 428, 435, 442 fatal cases, respectively and is 
also on the increase. The analysis thus shows that the 
fatality occurrence from road traffic accidents was on 
the increase from 1987 to 2011.

4. Discussion

The results of road traffic accidents between 1980 and
2011 for each of the Local Government Areas under 
study show that fatalities are on the increase. The 
reported road mishaps in Lagos’s four selected LGAs 
from 1980-2011 are shown in Figure 1. The total 
number of reported road traffic accidents in Lagos 
State for the study period was148,485.

This said, the occurrence of road traffic accidents in 
Lagos State varied in time as well as in space. For 
instance, the accident trend pattern shown in Figure 1.0 
reveals that the Ikeja Local Government Area recorded 
the highest number of road traffic accidents out of 
twenty (20) Local Governments. The accident figure 
for this Local Government was 11,747, representing 
7.91% of the total reported road traffic accident. This is 
followed by the Lagos Island Local Government Area 
which recorded 11,466 traffic accidents, representing 
7.72% of the total road traffic accidents reported. This 
is followed by Ajeromi-Ifelodun and Lagos Mainland 
Local Government Areas with 7.44% and 7.08%, 
respectively.

Figure 5. Trend analysis of road traffic accidents fatalities in the 
Lagos Mainland LGA

Figure 6. Trend analysis of total road traffic accident fatalities for 
the four selected LGAs

SUMMARY OF RESULTS

LGA Intercept Slope
Rank (from 

least)

Lagos Island

Ajeromi-Ifelodun

Ikeja

Lagos Mainland

Total

44.61

38.42

61.93

44.39

189.4

2.55

2.52

1.48

0.47

7.02

4

3

2

1
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In this study, an attempt was made to examine the 
fatalities of road traffic accidents in the selected local 
government areas for the period under study. There are 
variations in the fatalities of accidents in between the 
four different Local Government Areas. In the Lagos 
Island Local government area, 28.47% of the recorded 
accidents were fatal. In the Ajeromi-Ifelodun Local 
government area, fatal motor accidents accounted for 
26.25% of all accidents. In the Ikeja Local Government 
Area, 28.38% of the recorded accidents were fatal. In 
the Lagos Mainland Local Government Area, fatal 
accidents accounted for 16.90%of accidents. These 
proportions of motor traffic accidents in each of the 
Local Government Areas (L.G.A’S) are on the high 
side, suggesting a worsening of the traffic situation in 
Lagos State.

The 2012 figures are different from 2010 and 2011. In 
2010, there were 5,330 deaths and 18,095 injuries from 
accidents; in 2011, there were 4,065 deaths and 17,464 

injuries. In 2009, 4,120 persons lost their lives in 
accidents while 20,975 people were injured in accidents 
involving 11,031 vehicles. In 2008, 6,661 deaths and 
27,980 injuries occurred. This shows that the numbers 
have been progressively going down (FRSC 2013). 
Nevertheless, the figures of fatalities from road traffic 
accidents keep increasing in these four selected Local 
Government Areas.

Accidents on our roads are the leading cause of death
in Nigeria and road traffic accidents (RTAs) are a parti-
cularly well-documented consequence of motorization. 
While accidents occur in all modes of transport, 
including railways, no mode approaches the importance 
of road transportation in the magnitude of deaths 
and injuries caused to vehicle occupants, pedestrians 
and other unprotected road users. Living safely is a 
challenge that must be met by everyone if we are to 
continue to move forward in an ever-changing society.

Conclusion

The trend approach shows that the patterns of fatalities from road traffic accidents in Lagos Island, Ajeromi-
Ifelodun and Ikeja are clearly increasing while that of Lagos Mainland is only minimally upward. Fatalities in 
road traffic accidents in the four selected LGAs are on the increase. The Ikeja Local Government Area shows 
the highest number of fatality cases in the selected Local Government Areas while Lagos Island shows the most 
important increase (2.55) and Lagos Mainland the lowest progression (0.47).The overall forecast for each of the 
four Local Government Areas is on the increase.

Recommendations

These trend comparisons suggest that Lagos Island, Ikeja, Lagos Mainland and Ajeromi-Ifelodun, LGAs of Lagos 
State, are associated with increasing fatalities of road traffic accidents and therefore deserve urgent attention and 
appropriate police intervention, especially when a decrease in these fatalities is expected 

Moreover, Government efforts towards road traffic accident reduction in these study areas should be extensive, 
global and wide-spread to cover every segment of the State. The police, FRSC and other relevant traffic regulation 
bodies should consider the entire study area as accident prone and thus speed up actions aimed at accident 
reduction. The setting up of the Lagos Metropolitan Area Transport Authority (LAMATA) and LASTMA as 
additional traffic management agencies for road maintenance, towing of broken down vehicles and vehicles 
involved in road traffic accidents and management of the chaotic traffic situation in Lagos, is a commendable 
feat. However, these agencies should be empowered to carry out their statutory obligations. Provision of sobriety 
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checkpoints will give police officers the opportunity to check whether a driver is under the influence of alcohol 
and test the blood alcohol level of an individual if he or she shows signs of intoxication.

Furthermore, since the driver of a vehicle is the most important determinant in the occurrence of an accident, 
the quality of drivers on roads in the study area cannot be over-emphasized. Training and retraining drivers 
should be a basic effort towards reducing the carnage taking place on roads. Training and retraining of drivers 
is an excellent means of effectively dealing with the issue of traffic accident reduction. To make driving safer in 
Lagos, careless drivers should be punished and their licenses suspended for long terms.

For historical and operational convenience, road traffic laws have been enforced by the Nigerian Police, but 
recently this task has been shifted to the Federal Road Safety Commission. However, the Commission’s activities, 
and because of insufficient resources, have been limited to checking speed violations, careless and dangerous 
driving and parking offences. Laws and regulations may carry little force if the probability of detection and 
perception of detection is so low that they can easily be ignored. At present, the chances of getting caught in a 
traffic violation are remarkably slim. A further escape route for offenders exists in courts which often have erratic 
patterns of sentencing traffic law violations. This situation needs to be improved by ensuring that the Federal 
Road Safety Commission is well funded as no amount should be considered too great for saving the nation the 
economic loss associated with traffic accident fatalities.

Enforcing laws on use of cell phones and other electronic devices whilst and general improvements in the driving 
environment can reduce crash rates. The use of the phone alone is enough grounds for a police officer to stop a 
driver. Therefore, making or receiving phone calls and texting while driving should be banned. Speed limit laws 
are effective when they are enforced. Automated enforcement, such as speed cameras, can effectively reduce 
speeding and crash prevalence. Enforcing safety belt laws protects drivers as well as passengers from injury and 
death. Officers should stop a driver for violating the safety belt law.

Lastly, factors behind the very slow increase rate in Lagos Mainland, such as removing dangerous points, should 
be reinforced and introduced to other LGAs.
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