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Abstract

This paper analyses energy utilisation in the transportation sector of Nigeria using exergy methods. The sector is
dominated by the road subsector, with a share ranging from 70.65% in 1990 to 97.51% in the year 2005 and a
mean of 88.44%. The road subsector is still the most efficient, with energy efficiency values that range from 9.93%
in 1990 to 19.19% in 1986. The corresponding exergy values are 9.28% and 17.93%, respectively. Following the road
subsector is the aviation subsector with its least energy consumption share of 0.10% in 2005 and biggest share of
26.25% in 1990. The subsector energy efficiency values range from 0.03% in 2005 to 7.35% in 1990, with
corresponding exergy values of 0.026% and 6.87%, respectively. The overall mean energy efficiency in the Nigerian
transportation sector for the three decades is 17.11%, while the overall mean exergy efficiency is 15.97%. The road
subsector performance has been adversely affected by the massive importation of used vehicles into the country.
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Background

Nigeria's transport system consists of rail, road, water,
and air subsectors. Ninety-six per cent of the total quan-
tity of premium motor spirit (gasoline) consumed and
40% of the automotive gas oil (diesel oil) consumed go
to road transportation. Twenty-four per cent of the dual
purpose kerosene consumed goes to aviation, and it is
the sole fuel. Ten per cent of the fuel oil consumed and
6% of the automotive gas oil consumed go to water
transportation [1].

Road transport is the most commonly used mode of
transportation in Nigeria today. Road traffic depends on
the pattern of human settlements, accounting for more
than 90% of the subsector's contribution to the gross do-
mestic product (GDP). Road transport activities involve
the en-masse conveyance of passengers or in small num-
bers, the transportation of animals, farm products and
merchandise and the rendering of mobile services
(clinics, libraries and banks). The optional use of motor
cars for pleasure, which can be distinguished from the
three uses listed above, also contributes tremendously to
the importance of road transport in Nigeria. This is
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more predominant in Nigeria than in most other African
countries because of the poor state of alternative means
of transportation by which journeys could have been
made and also due to the psychological satisfaction
offered by the possession of a car. According to Obih
[2], the Nigerian vehicle fleet size is 2.2 million, gasoline
engines represent 60% of vehicle fleet and road transpor-
tation is the main transportation mode, accounting for
90% of passenger/freight movements. There are also low
turnover rates for replacement of older cars with newer
models. Nearly, all vehicles are imported from overseas,
often used cars and trucks. Potential savings are achiev-
able using roadworthy vehicles and changing policies.
Vehicles tend to have low fuel efficiency. The average
fuel efficiency in Nigeria is estimated to be about 18 | of
gasoline/100 km [3].

Water transport occupies a distant second position to
road transport, with an average share of about 1.6% of
Nigeria's gross domestic product. Water transport is
slow and, therefore, unsuitable for passenger movement,
except for holiday and tourist traffic where time is not a
constraint or where other forms of transport are not
available. Water transport has the following three com-
ponents: ocean, coastal water and inland water trans-
ports. Inland water transport is only advantageous in
terms of costs of moving heavy traffic, especially
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Table 1 Lower heating value, chemical exergy and exergy factor for different fuels (at 25 °C and 1 atm)

Fuel Lower heating Exergy factor, ¢ Fuel chemical exergy,
value (kJ/kg) & (kJ/kg)

Motor gasoline 44,300 1.07 47,401

Aviation kerosene 44,100 1.07 47,187

Diesel oil 43,000 1.07 46,010

Fuel oil 40,400 1.07 43,228

where speed is less important than cost. Water trans-
port parameters are at present dominated by port sta-
tistics, statistics of inland water transport and the
operations of ferries in ocean and coastal waters espe-
cially in Lagos and Niger delta areas of the country.
The Petroleum Products Marketing Company, a sub-
sidiary of the Nigerian government owned Nigerian
National Petroleum Corporation, also keeps a fleet of
chartered marine vessels which are used to transport
products from the refineries to water-fed facilities [4].

Air transport has a unique advantage over all other
modes of transport if speed, time and distance are major
considerations. Air transport is of high value in relation
to weight. It is also preferred where accessibility by other
modes is a problem. Its share of the GDP is, however,
still negligible in Nigeria [5].

Rail transport is usually the most suitable mode of
transportation for heavy traffic flows when speed is also
an advantage because of the lower cost per person per
load as the train load increases. Nigeria's single-narrow-
gauge railway line constructed in the colonial period
was, for many years, the only mode of freight movement
between the northern and southern parts of the country.

Contribution of rail transport to the gross domestic
products of the transport sector is less than a half per
cent. Although rail has always contributed a tiny propor-
tion of value added in transportation, its share of value
added continues to decline because road transport
(freight and passenger) has virtually taken over all the
traffic previously conveyed by rail. The relegated status
of the Nigerian Railways is a classic illustration of a
transportation policy which has sidelined an important
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Figure 1 Overall energy and exergy efficiencies of the Nigerian transportation sector (1980 to 2010).




Table 2 Energy consumption values in the Nigerian transportation sector from 1980 to 2010

Year Land Percentage Land Percentage Total land Aviation Percentage = Marine Percentage  Marine Percentage Total marine Railway Percentage Annual
transportation of TEC transportation of TEC transportation turbine of TEC transportation of TEC transportation of TEC transportationAGO (PJ) of TEC total
PMS (PJ) AGO (PJ) (%) kerosene FO (PJ) AGO (PJ) (%) (PJ)
(PJ)

1980  121.7725 63.24 3343869 17.37 80.60 29.09347 15.11 3.240969 1.68 5.015804 2.60 4.29 N/A N/A 192.5615
1981 1529379 63.93 3931714 16.44 80.37 36.53939 1527 4530618 1.89 5.89757 247 436 N/A N/A 2392226
1982  171.97% 64.63 4196783 15.77 8040 41.08871 15.44 4.77431 1.79 6.295174 237 4.16 N/A N/A 266.1054
1983 177.8283 64.61 43.31493 15.74 80.35 4248611 15.44 5.1045 1.85 649724 2.36 422 N/A N/A 2752311
1984 1693456 65.19 40.37992 15.54 80.74 4045947 15.58 3.526152 1.36 6.056989 233 3.69 N/A N/A 259.7682
1985 169.1236 66.22 37.06686 14.51 80.74 4040643 15.82 3.225455 1.26 5560029 218 344 N/A N/A 2553824
1986 154016 72.29 31.8384 14.94 87.23 17.81905 8.36 4618205 2.17 4775761 2.24 441 N/A N/A 213.0674
1987 1555185 7263 29.60361 13.83 8645 19.4459 9.08 5.122074 2.39 4440541 2.07 447 N/A N/A 214.1306
1988 165428 74.30 32.69032 14.68 8898 14.26591 641 5371018 241 4.903548 220 461 N/A N/A 2226588
1989 1875791 76.18 3440722 13.97 90.16 14.86699 6.04 4.209882 1.71 5.161084 2.10 3.81 N/A N/A 246.2243
1990 18569 5787 40.98399 12.77 70.65 84.22042 26.25 38117 1.19 6.147598 1.92 3.10 N/A N/A 3208537
1991 185.7925 73.50 41.00136 16.22 89.72 16.03079 6.34 38117 151 6.150204 243 394 N/A N/A - 252.7866
1992 187.1253 75.83 3213304 13.02 88.85 1940576 7.86 3.287308 1.33 4.819956 1.95 3.29 N/A N/A 246.7714
1993 2269443 7215 57.92496 1842 90.57 17.59855 5.60 3372632 1.07 8.688743 2.76 3.83 N/A N/A 3145292
1994 239.8583 7883 39.73802 13.06 91.89 1543368 5.07 3.277086 1.08 5.960703 1.96 3.04 N/A N/A 304.2678
1995 1756138 7242 38.98208 16.08 8849 16.21381 6.69 5.843981 241 5847312 241 4.82 N/A N/A 242.501

1996 16948 7148 3895989 1643 8791 1532255 6.46 7.501553 3.16 5.843984 246 563 N/A N/A 237108

1997 1684867 67.00 4559488 18.13 85.13 1851314 7.36 10.00649 398 6.839232 272 6.70 2021 080 2514614
1998  150.1318 77.07 31.13056 15.98 93.05 1.154097 0.59 6.385382 3.28 4.669583 240 567 1.333 0.68 194.8045
1999 134116 78.12 27.371 15.94 94.07 1430163 0.83 3.273578 191 4.10565 2.39 430 1.376 0.80 1716724
2000 190.2686 80.11 38.30822 16.13 96.23 0434826 0.18 0.959548 040 5746234 242 282 1.806 076 2375235
2001 250.76 6841 46.13529 12.59 81.00 59.91069 16.34 0.93609 0.26 6.920293 1.89 214 1.892 0.52 366.5544
2002 2754001 81.56 4135251 12.25 93.81 12.09123 3.58 1.062656 0.31 6.202876 1.84 215 1.548 046 337.6574
2003 271.5041 80.02 39.35402 11.60 91.62 14.31883 4.22 6.722852 1.98 5903103 1.74 3.72 1.505 044 3393079
2004  258.2866 88.05 24.72426 843 96.47 3.17961 1.08 2252768 0.77 3.708639 1.26 2.03 1.204 041 2933559
2005  307.2292 87.55 3492473 9.95 97.51 0.345229 0.10 222513 0.63 523871 149 213 0.946 027 350.909

2006 376.2422 90.69 23.36103 563 96.32 10.71834 258 1.032407 0.25 3504154 0.84 1.09 N/A N/A 414.8581
2007 3285612 92.89 10.77207 3.05 95.93 1211762 343 0.647006 0.18 161581 046 0.64 N/A N/A 353.7137
2008 3064878 8264 21.89909 5.90 88.54 3705917 9.99 2.143436 0.58 3284864 0.89 146 N/A N/A 3708743
2009 2924471 87.29 11.15277 333 90.62 2811002 839 1630987 049 1.672915 0.50 0.99 N/A N/A 3350138
2010 386.5995 9N.77 22.98541 546 97.23 7.251688 1.72 0.967965 0.23 3447812 0.82 1.05 N/A N/A 421.2524

AGO, automotive gas oil; FO, fuel oil; N/A, not applicable; PMS, premium motor spirit; TEC, total energy consumed.
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Figure 2 Trend in annual aviation fuel consumption in the
Nigerian transportation sector.

and cheap means of transport to foster the growth of
privately owned long haulage transport services. This
policy has engendered the following:

(a) the Nigerian Railway Corporation (NRC) which has
become a lame duck with total reliance on the
government for subvention and

(b) a disorganised, unregulated private sector-owned
road transport system providing freight and
passenger services.

The effects of these are as follows:

(a) traffic congestion on urban roads,

(b) increasing rate of fatal road accidents emanating
from bad roads, poorly maintained vehicles and
careless driving, and

(c) worsening environmental pollution.

The sharp devaluation of the Nigerian local currency
has also aggravated the situation as an increasing num-
ber of private car owners who would have travelled in
their cars now have to join the pool of public transport
commuters. The most comprehensive items of data on
rail transport are published in the Annual Report issued
by the Nigerian Railway Corporation. It contains a
detailed account of all the activities of the corporation in
the year covered. In one of the tables captioned ‘General
Statistical Returns, the corporation publishes time-series
data of 54 observed and derived variables on the
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following items: receipts and expenditure, passenger sta-
tistics, freight statistics and combined passenger and
freight train and engine statistics. Most of these publica-
tions have been discontinued in recent years.

Hence, from the foregoing, railway is a very small div-
ision of Nigeria's transport subsector. It once had the
most comprehensive set of data which described its ac-
tivities, but unfortunately, the Nigeria Railway Corpor-
ation (which is the sole authority in charge of rail
transport) is just undergoing resuscitation and general
overhaul presently. During the years of operation within
the period covered by this work, the corporation only
had functional diesel engines.

While countries like Turkey [6-8], China [9,10], Norway
[11,12], Saudi Arabia [13] and Malaysia [14] have their
transportation sectors analysed from the exergetic point of
view in the open literature, there seems to be none analy-
sing that of Nigeria, despite its importance in sub-Saharan
Africa. Besides, the country transportation sector typifies a
peculiar one, dominated by used and ill-maintained motor
vehicles.

Methods

Device efficiencies

Virtually, all authors who have worked on this topic (like
[9,14,15]) assume device efficiencies used by Reistad [16]
to evaluate energy and exergy utilisation efficiencies.
This work differs from theirs for one main reason: the
present work is on a developing African country where
cars and trucks that have been used elsewhere before
being imported into the country and brand new ones
compete for dominance. For instance, according to the
Nigerian Customs and Excise sources, in 2005, 18,391
new vehicles and 33,134 used vehicles were imported
into the country, while in 2006, 31,010 new vehicles of
all types were imported as against 43,606 used vehicles
of all types [17]. According to Oritse [18], for December
2011, out of the 3,725 vehicles arriving or expected at
Lagos ports, about 1,000 were new while the remaining
2,725 are used vehicles. Specifically, more than 85% of
motor vehicles being imported into the country annually
are used vehicles [19].

In fact, the average vehicle fuel efficiency in the early
90s was 13.07 mpg [2] at a time when the average fuel
efficiency in the US was 24.09 mpg for light duty vehi-
cles [20]. In fact, the average new car in 2005 worldwide
had a fuel economy level of about 29.4 mpg [21]. Fuel
efficiency is low in Nigeria because the vehicle fleet is
old and poorly maintained, there is traffic congestion in
most urban centres and the driving habits are bad [22].
However, according to Ajayi and Dosunmu [23], there
were no records of importation of used vehicles into the
country prior to 1988. Hence, from 1980 to 1987, this
work will be based on the assumptions of previous
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Table 3 Nigerian transportation subsector's energy and exergy efficiencies

Year Overall highway Airway energy Overall waterway Railway energy Overall highway Airway exergy Overall waterway Railway exergy

energy efficiency  efficiency  energy efficiency  efficiency  exergy efficiency  efficiency  exergy efficiency  efficiency
1980 17.73 423 0.64 N/A 16.57 395 0.60 N/A
1981 17.68 428 0.65 N/A 16.52 4.00 061 N/A
1982 17.69 432 0.62 N/A 16.53 4.04 0.58 N/A
1983 17.68 432 0.63 N/A 16.52 4.04 0.59 N/A
1984 17.76 4.36 0.55 N/A 16.60 4.08 0.52 N/A
1985 17.76 443 052 N/A 16.60 4.14 048 N/A
1986 19.19 2.34 0.66 N/A 1793 219 0.62 N/A
1987 19.02 2.54 0.67 N/A 17.78 2.38 0.63 N/A
1988 12.50 1.79 0.69 N/A 11.68 1.68 0.65 N/A
1989 1267 1.69 057 N/A 11.84 1.58 053 N/A
1990 9.93 7.35 047 N/A 9.28 6.87 044 N/A
1991 12.61 1.78 0.59 N/A 11.78 1.66 0.55 N/A
1992 1248 2.20 049 N/A 11.67 2.06 046 N/A
1993 12.73 1.57 0.58 N/A 11.89 146 0.54 N/A
1994 1291 142 046 N/A 12.07 133 043 N/A
1995 1243 1.87 0.72 N/A 11.62 1.75 0.68 N/A
1996 12.35 1.81 0.84 N/A 11.54 1.69 0.79 N/A
1997 11.96 2.06 1.00 0.23 11.18 1.93 0.94 0.21
1998 13.07 0.17 0.85 0.19 12.22 0.16 0.80 0.18
1999 13.22 0.23 0.64 0.22 12.35 0.22 0.60 0.21
2000 1413 0.05 042 0.21 13.20 0.05 040 0.20
2001 11.89 458 0.32 0.14 11.11 428 0.30 0.14
2002 13.77 1.00 032 0.13 12.87 0.94 0.30 0.12
2003 13.45 1.18 0.56 0.12 12.57 1.10 052 0.12
2004 14.16 0.30 0.30 0.11 13.24 0.28 028 0.1
2005 14.31 0.03 0.32 0.08 13.38 0.03 0.30 0.07
2006 14.14 0.72 0.16 N/A 13.22 0.68 0.15 N/A
2007 14.08 0.96 0.10 N/A 13.16 0.90 0.09 N/A
2008 13.00 2.80 0.22 N/A 1215 261 0.21 N/A
2009 13.30 2.35 0.15 N/A 1243 2.20 0.14 N/A
2010 14.27 048 0.16 N/A 13.34 045 0.15 N/A

N/A, not applicable.

Table 4 Energy and exergy efficiencies of the
transportation sector of some countries in the year 2000

Country Energy Exergy Reference
efficiency efficiency

Greece 22.69 21.23 Koroneos and
Nanaki [26]

Jordan 2283 2245 Jaber et al. [15]

Turkey 2371 23.65 Utlu and
Hepbasli [7,8]

Saudi Arabia 2224 2224 Dincer et al. [13]

Malaysia 2278 2244 Saidur et al. [14]

Nigeria 14.81 13.85 This work

authors for land transportation engine efficiencies (22%),
while the thermal efficiencies for subsequent years will
be evaluated as in Equation 1:

o quel,Nigeria 1
”th,Nigeria - th,US ( )
Muel,Us

For the remaining modes of transportation, we rely on
the values used by Reistad [16] as used by several other
authors. These are 28%, 15% and 28% for railways,
waterways and airways, respectively. Equation 1 yields
14.05% from 1988 up to the end of the 90s and 14.68%
for the year 2000 to 2010.
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Energy and exergy analyses

The expressions for energy efficiency () and exergy
efficiency (y) for the processes in this paper are as
follows:

_ Energyinproducts

(2)

T Total energy input

_ Exergyinproducts

= . 3
Total exergy input 3)
Exergy of a hydrocarbon fuel
The specific exergy of the fuel (¢;) at environmental
conditions reduces to chemical exergy, which can be
written as follows:

& = ¢,LHV. (4)

LHV is the lower heating value of the fuel and ¢y is
the exergy factor of Szargut and Styrylska as enunciated
in Szargut et al. [24]. The fuels and the liquid fuel exergy
factor used in this work are in Table 1.

All the heating values have been taken from Garg
et al. [25]. The exergy factor for liquid fuels has been
taken from Table 3.4 of Szargut et al. [24].

Exergy of work
From the definition of exergy, mechanical work, W, is
identical to the physical work exergy, E*'. Hence,

EY =w. (5)

From Equations 2, 3, 4 and 5, the energy 7, and
exergy Y, efficiencies for the fossil fuel-driven kinetic
energy production process which produces shaft work,
W, from fuel mass m;, can be expressed as follows:

14
_ 6
Tm = THV (6)
EW
Vo = o T = )
mepLHV ¢

The weighted mean overall energy and exergy efficien-
cies for the transportation sector in each year are calcu-
lated following the method explained in Dincer et al. [13].

Results and discussion

The overall consumption efficiencies are generally between
22.19% and 22.71% for energy and between 20.74% and
21.22% for exergy before 1988, when mass importation of
used vehicles into the country started. From 1988 to 2010,
the efficiencies are generally around 15% and below
(Figure 1). This is because the transportation sector has
been dominated by land transportation (Table 2). The only
exceptions to this general trend are prominently the years
1990 and 2001 with energy and exergy efficiencies 17.74%
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and 16.58% as well as 16.93% and 15.82%, respectively, and
mildly the years 2008 and 2009 with energy and exergy effi-
ciencies 16.02% and 14.97% as well as 15.80% and 14.77%,
respectively. These are years with comparatively high an-
nual percentages of aviation energy utilisation (Figure 2).
They are also years of comparatively high aviation subsec-
toral annual efficiencies (Table 3). This positive influence is
expected since aviation has a device part load thermal effi-
ciency of 28% compared with that of land, which is 22%. A
comparison of the overall sectoral efficiencies of various
countries is shown in Table 4 where it is seen that Nigeria
has the least values of energy utilisation efficiencies for the
year 2000.

Conclusions

The overall mean energy efficiency in the Nigerian
transportation sector for the three decades is 17.11%,
while the overall mean exergy efficiency is 15.97%. This
study also shows that airway transportation contribution
should be increased to improve the overall energy and
exergy efficiencies of the Nigerian transport sector. It is
very necessary in the light of the results of this work that
Nigerian policy makers review the issue of mass import-
ation of used vehicles into the country. All efforts should
also be made to ease air transportation and make it af-
fordable for Nigerians. The Nigerian railway system
should also be resuscitated for cheap and affordable
transportation of goods and passengers.
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