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ABSTRACT

In Nigeria, downstream transportation and distribution of petroleum products is mainly done
using pipelines and tanker vehicles. However, the latter have been linked to serious
accidents/incidents with substantial consequences on human safety and the environment. This
project aims to develop a safety assessment framework for mitigating the impact of accidents
and improve road safety during the transportation of petroleum products between a loading
depot and retail stations using tankers. During this study, a review of the downstream sector of
the oil and gas industry with respect to petroleum products transportation was carried out to
identify key legislations and stakeholder interests within the context of accident mitigation and
safety. A mixed research approach was adopted, using a questionnaire survey and semi-
structured interviews for data collection. The questionnaire survey was used to investigate the
problems of petroleum products transportation and distribution using road tankers from a
tanker driver perspective, while semi-structured interviews were designed to elicit the opinions
of professionals and elucidate their opinions and experiences in relation to the variables in this
study. The results from the survey and the interviews conducted revealed gaps in the following
areas related to the transportation of petroleum products: technologies, risk management,
regulations, environmental management and training leading to the development of a Safety
Assessment Framework (SAF) which constitutes the main contribution to knowledge. The
developed framework integrates different components of safety to enhance the efficiency and
reliability of transportation of petroleum products using tankers. This research would be of
benefit to the Nigerian National Petroleum Corporation (NNPC) and its subsidiary the
Petroleum Products and Marketing Company (PPMC) which oversees the transportation and
distribution of petroleum products across the country. Also, the major oil marketers and the
independent oil marketers which make up the freight transporters of the downstream oil and
gas transport industry will benefit from this research. Concluding, this work may form a
foundation for future research in the field of transport safety in Nigeria and Africa with regards

to the transportation of petroleum products and other hazardous materials (HAZMATS).
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1 RESEARCH INTRODUCTION

1.1 Introduction

Road tankers has been the most common means of transporting petroleum products such as
Premium Motor Spirit (PMS), Diesel and Kerosene from the oil depot to the various retail
outlets across Nigeria. The number of road tankers used in transporting petroleum products in
Nigeria has been on the increase owing to the fact that about 80 % of the country’s petroleum
products movement and distribution is done using road tankers (Obasanjo et al. 2014).
Accidents involving road tankers transporting petroleum products are very fatal due to the
flammability of the product. Apart from personal injuries and fatalities, road tanker accidents

can result in environmental hazards like spill of cargo with severe financial consequences.

Recently, there have been increasing cases of road tanker accidents during the transportation
of petroleum products in various countries including Nigeria. As such, human, vehicular,
behavioural, mechanical, and environmental factors have been attributed to the causes of road
tanker accidents. This research would investigate the causes of road tanker accidents by using
questionnaires and interviews to elicit the views of tanker drivers and other stakeholders
involved in the transportation of petroleum products. The aim of this research is to develop a
safety assessment framework for the transportation of petroleum products to improve safety of
operations from the perspective of technology, drivers’ challenges, environment, risk

management and safety, regulations and training.

This introductory chapter presents the research overview. It gives the research background, the
justification and relevance of the research to the society as well as presenting the key research
questions, its aim and objectives. Also presented in this chapter are the research design and an
outline of the chapters developed in this thesis.
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1.2 Background

Road tankers are very instrumental to the transportation and distribution of petroleum products
worldwide. However, in recent times, an appreciable number of road tankers transporting
petroleum products has been involved in accidents. These accidents have huge environmental,
economic, health and safety as well as security implications on the economy, oil and gas
transporters and the host communities. Tankers are designed to carry large amounts of fuel
from state to state. Given the combustible nature of products being transported, fuel tanker
trucks are built with safety in mind and their drivers are typically held to strict standards. Even

at that, tanker accidents still occur, and they have disastrous consequences.

In Nigeria, about 80% of heavy truck accidents are due to loss of control (FRSC, 2013). In
developed nations like the USA, UK and Germany, technology has played a big part in the
transportation of hazardous materials including flammable substances like petroleum products.
For instance, Intelligent Transport Systems (ITS) such as Electronic Stability Control (ESC),
Active Steering or even further by integrated braking and steering has assisted positively to

reduce accidents involving trucks (Kharrazi and Thomson, 2008).

1.3 Downstream Sector of the Nigeria Petroleum Industry

Nigeria is the second-biggest oil-rich country in Africa, after Libya. The country is estimated
to hold 37 billion barrels of proven oil reserves, with an average daily output of about 2 million
barrels per day. However, despite its rich resources, the Nigeria’s state-dominated oil industry
is declining, afflicted by systemic corruption, starved of international investment, and hit hard
by weak oil prices. Also, most of the crude oil from Nigeria fuel has to be refined outside the

country because at the moment, the refineries in Nigeria are not functioning at full capacity to
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meet the needs of consumers of petroleum products. Figure 1 below shows Nigeria crude oil
production in thousand barrels per day from 2011 to 2019. As shown in Figure 1, there is a
steady decline in the yearly production of crude oil from 2011 and factors such as pipeline

vandalism and equipment failure has been attributed to it.

Crude Oil Production in thousand barrels per day, Nigeria, 2011-2019

2461 2412 2279 2276
g 1900 1991 2007 2109
2011 2012 2013 2014 2015 2016 2017 2018 2019
Source : BP Statistical Review 2020 b SN

Figure 1 Crude oil production in barrels per day, Nigeria, 2011-2019. Source: BP Statistical
Review 2020

The Nigerian National Petroleum Corporation (NNPC) is the driving force behind the
economic development of Nigeria, providing fuel and feedstock for the nation’s industrial
facilities and meeting the energy needs of the individual customer and commercial enterprise
(NNPC, 2014). The NNPC owns and operates an extensive network of refining and distribution
facilities nationwide and is responsible for petroleum products distribution through its
subsidiary known as the Pipelines and Products Marketing Company of Nigeria (PPMC).
Petroleum products are the different types of fuels processed from crude petroleum which are
used for power generation. They are extracted from crude petroleum from processing units by
thermal cracking in the refineries. According to Rosenfeld and Feng (2011), the petroleum
industry refines crude petroleum and processes natural gas into a multitude of products, and it
is also involved in the distribution and marketing of petroleum-derived products. Examples of
petroleum products are gasoline, kerosene (jet-fuels) diesel fuels, lubricants, paraffin wax and
bitumen. Nigeria through the NNPC has four refineries with a total refining capacity of
445000bbl/d of crude oil (NNPC, 2015). Petroleum products are transported and distributed
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with the aid of pipelines from the processing plants to the loading depot, and by road tankers
from the refineries and depot to the retail/filling stations. Petroleum products distribution is
therefore concerned with the movement of refined petroleum from the refinery to the final

consumers across various locations of delivery in the country (Ehinomen and Adepoju, 2012).

The Pipelines and Products Marketing Company of Nigeria (PPMC) is a subsidiary of the
NNPC and it carries out the function of distribution of petroleum products through the 22
NNPC depots strategically located across the country. These depots were designed to receive
finished petroleum products through the pipelines from the refineries for distribution to
members of the public (NNPC, 2015). PPMC has been unable to fully meet this obligation for
some years now as a result of factors like pipeline vandalism, insufficient production of
petroleum products by the refineries, shut-down of the refineries and equipment failure. For
this reason, petroleum products are now transported with road tankers from areas of the country
where they are available to other areas to prevent products scarcity through a process known
as “bridging”. The purpose of bridging is to ensure that products are transported by road from
depots where they are available to other depots to ensure the depots’ sustainability. According
to NNPC (2014) bridging also ensures uniform pricing of petroleum products in all parts of the
country. Figure 2 shows the different stages in the movement of petroleum products from
exploration to the marketing stages using road tankers until it gets to the petrol station which
is the destination of the road tanker. At the petrol stations, products are offloaded and stored
in underground tanks from where it is being sold to consumers through pumps. The petrol
stations are either operated by private owners or major oil marketing companies such as Shell,
Total, Texaco, Agip and Mobil. The major oil companies maintain their own fleet of road

tankers for the transportation and distribution of petroleum products across Nigeria.
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Figure 2 Downstream structure of the petroleum industry. Adapted from Ambituuni (2016)

Due to the deplorable state of the Nigerian roads, the transportation of petroleum products
using road tankers has become very risky, unsafe and expensive, but it has become the only
means through which products can be transported around the country presently pending the
restoration of the use of pipelines. According to Anyadiegwu (2015), safety is a very important
factor that should be considered when discussing the movement of petroleum products from

the loading depots to retail stations across Nigeria.
1.4 Challenges of the Downstream Transportation of Petroleum Products

The transport industry especially the road sector in Nigeria has been faced with various
problems and challenges that are threatening the performance of the industry (Onakala and
Olajide, 2020). These problems include poorly maintained roads, safety and security concerns,
high accident rates and increasing operational cost (Ambituuni et al., 2014). Other challenges

faced by the downstream sector of the petroleum industry include lack of maintenance of the
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refineries resulting in low refining activities for the domestic market, pipeline vandalism, poor
maintenance of pipelines and depots, poor transportation infrastructure for the physical
distribution of petroleum products to end-users and issues with the petroleum products supply
chain such as perennial shortages of products and the antecedent long queues at retail stations.
Other challenges include: product diversion, product adulteration, abnormal product subsidy,
underutilized refineries, refinery sabotage, product theft, corruption, and sharp practices in
retail outlets across the country (Adiele, (2020); Ambituuni et al., (2014); Gonzalez, (2016);

Osuala, (2013) & Chigbu et al., 2016).

A study by Obasanjo et al (2014) to investigate roads haulage constraints in the transportation
of petroleum products in Nigeria was aimed at assessing the efficiency of road haulage in the
distribution of petroleum products in Nigeria. The study employed a systematic sampling
method to collect primary data from truck drivers. Analysis of the data was done using
descriptive statistics and the Kruskal-Wallis’s methods. The result shows that delay at police
and military checkpoints is the main constraint of the distribution system; this was followed by
mechanical problems of vehicles and bad roads. However, the study fails to address the critical
issue of tanker accidents and the cost of those accidents to the operators and the Nigerian

economy.

Amponsah & Opei (2014) conducted a study aimed at exploring the supply chain challenges
in the downstream petroleum sector in Ghana. The study adopted a mixed method approach,
and data for the study were collected from key players in the downstream petroleum sector
through in-depth interviews and a questionnaire. The study reveals that government
interference in activities of key actors, inability of government to pay under recoveries,
government indebtedness to actors, inadequate infrastructure and inability of Tema oil refinery
(TOR) to refining crude regularly as some key challenges that impacted the effective and
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efficient supply chain process. The study recommended the Government of Ghana to inject
capital for infrastructural development of the sector as well as wean off its interference in the
activities of actors. In this case, key national players like the Bulk Oil Storage and

Transportation (BOST) should be given autonomous status.

In Gambia, Manneh (2020) conducted a study aimed at exploring the perspectives of retail
petroleum marketing as well as challenges of petroleum import, storage and sales in the
Gambia’s downstream petroleum sector. A qualitative method was adopted for the study
through in-depth interviews in a semi-questionnaire format. The study discovered that oil
marketing companies (OMCs) downstream marketing strategies, programs and activities
shifted from undifferentiated commodity imported refinery products marketing (old/previous
marketing scenario) to branded value added services differentiated petroleum products (present
marketing scenario) marketing owing to increase in both downstream energy market
liberalization and market competition. The study also revealed that industry players face many
challenges ranging from inadequate legislation, government interference, limited fuel terminal
tanks, supply chain and other operational difficulties, high import duties and lack of subsidy
on imported petroleum products. The study recommends that OMCs should develop and
implement marketing strategies, programs and activities in line with product differentiation,
branding and value-added services. The study equally recommends that the stakeholders in the
industry should work on the amendments of downstream petroleum legislation, expand the fuel
terminal tank storage facility, adopt and enforce national downstream petroleum quality

standard in the daily operations and work towards realizing full deregulation in the sector.

The impact of these problems is enormous and include; loss of life and property, increase
insurance cost, waste of time and man-hour, colossal loss that can lead to the collapse of the
haulage company, increase in freight rates, destruction of the road infrastructure and increase
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in cost of road and vehicle maintenance (Farah, 2016). In terms of financial loss to Nigeria, the
Federal Road Safety Commission (FRSC, 2010) says the problem of accidents involving road
tankers in Nigeria is costing the nation a lot of resources. For instance, Olagunju (2011)
reported that from January 2007 to June 2010, not less than 4,107 tankers were involved in
road traffic accidents in Nigeria causing the death of 4,076 people and 12,994 sustaining

injuries of varying degrees, with accompanying loss of property.

1.5 Road Crash Statistics of Heavy Goods Vehicles in Nigeria (2007 - 2017)

Table 1 gives a summary for road crashes involving heavy good vehicle in Nigeria from 2007
—2017. From the table, there was a steady increase in the number of crashes from 2008 until
2013. From 2014 — 2018, we noticed that the rate of accidents started to decrease which implies
a positive impact of the safety measures put in place. Also, Table 2 shows the cost of 116
tankers that were involved in road crashes in the first quarter of 2018 in Nigeria. The economic

cost for the 116 tankers involved in road crashes was N7.157.2 billion.

Note that the total cost does not include the following:

People killed

= Cost of treatment for people injured

= Roads and road infrastructure damaged

= Environmental impacts that will require mitigation

= Other collateral damages (farm lands, houses, settlements displaced, other vehicles in

collision with, other property etc.
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Table 1 Source: FRSC Road Crash data 2007-2017

Number of Number Total Total Total Total

trailers  of tankers RTC persons persons casualty

involved involved killed injured
2007 703 273 607 805 269 1074
2008 1192 463 1129 1121 3891 5112
2009 1272 495 1213 1085 3714 4799
2010 1186 461 968 965 3220 4185
2011 464 180 1188 1090 4117 5207
2012 462 179 1194 1097 3935 5032
2013 1180 315 1222 1178 4006 5184
2014 727 271 934 1079 3206 4285
2015 761 331 876 979 3048 4027
2016 657 359 872 910 3516 4426
2017 624 308 779 737 2622 3359




Table 2 Economic cost of tanker crashes Q1, 2018. Source: FRSC Reports

No of RTC No of tankers Cost of tankers involved in

involving involved RTC
tankers

1120 116 Head @ = N
Trailer@ =N ™
N 4.7M

Load @
Total @

N 61.7M

61700000 x116 vehicles =
N 7.2B

1.6 Selected Incidents Involving Petroleum Tankers in Nigeria

This section presents some selected accidents involving tankers transporting petroleum
products in Nigeria in order to showcase why this research is very important. The aim of this
research is to develop a safety framework that would be used to mitigate accidents involving
road tankers transporting petroleum products in Nigeria. Most accidents that occur in Nigeria
involving petroleum tankers have been very fatal due to the nature of the cargo the vehicle is
transporting which in most cases results in fire explosion. Most times, the people in the
community where a tanker accident occur would want to scoop the product either for sale or
for personal consumption and this have normally resulted in fire explosion claiming lives,
destroying properties with various environmental damages. In Table 3, Merem et al. (2018)
presents some selected Incidents of fuel tanker disaster in Nigeria covering a period of ten years

(2008-2018).
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Table 3 Selected Incidents of Fuel Tanker Disaster in Nigeria 2008-2018. Source: Merem et

al., (2018)

10" June, 2008

11t October,
2009

5% November,
2010

12t July, 2012

5" April, 2013

2" April, 2014

31%t May, 2015

27™ June, 2018

Incident

About six cars were burnt in a
fuel tanker explosion incident

that took place at 3rd mainland
bridge.

More than 70 people died when
a fuel tanker exploded after
collision with a pylon.

About 400 persons died and 150
vehicles destroyed in a fuel
tanker incident.

About 121 persons died and 75
injured in a fuel tanker incident.

About 30 persons died and a
number of vehicles destroyed in
a fuel tanker incident.

2 deaths and 4 human injuries
were recorded when a fuel
tanker hit another vehicle while
trying to overtake.

About 60 persons died and
many others injured in a fuel
tanker incident.

About 10 persons died and
many others injured in a fuel
tanker explosion.

Underlying cause of

accidents

Tanker crashed into other
vehicles due to brake failure.

Fuel tanker was attempting to
cross large potholes on the
Enugu-Onitsha highway when
it toppled over, spilling fuel
across the road.

Brake failure and tanker
crashed into other vehicles
causing multiple accidents.

People scooping fuel from a
crashed tanker which exploded
and killed almost all the people
at the scene.

Tanker truck and other
vehicles were trying to
overtake each other on the road
resulting in collision.

Fuel tanker collided with
another vehicle while trying to
overtake.

The driver of the fuel tanker
lost control and ran into a big
pothole.

Brake failure causing petrol
tanker to crash into another
vehicle resulting in explosion.

Location

3 Mainland Bridge,

Lagos.

Onitsha (outskirt),

Anambra State.

Ibadan-1fe Expressway,

280 km to Lagos.

Okosia, River State.

Benin-Shagamu
Expressway.

Ovia North East LGA,

Edo State.

Upper lweka Junction

Onitsha, Anambra

State.

Lagos-Ibadan
Expressway.
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1.7

Research Aim

The aim of this research is to develop a Safety Assessment Framework (SAF) for accident

mitigation that would promote road safety during road tanker transportation of petroleum

products.

1.8 Research Objectives

The above aim would be achieved through the following objectives:

1.

2.

1.9

To perform a literature review on the Nigerian downstream petroleum industry.

To investigate the causes of road accidents involving tankers transporting petroleum
products in Nigeria.

To investigate the challenges faced by stakeholders across the value chain involved in
the transportation of petroleum products.

To evaluate the suitability of measures that can be implemented for the mitigation of
tanker transportation accidents.

To develop a framework for road safety during Hazmat transportation considering
safety legislation and standards for tanker operations in Nigeria.

To evaluate the developed framework and use it as a guideline for the mitigation of
accidents during the transportation of petroleum products using road tankers in Nigeria

thereby promoting road safety.

Research Questions

This research seeks to address some fundamental questions as listed below to achieve the

objectives of this research:

1.

What is the status of hazmat transportation globally, and in Nigeria particularly?
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2. What are the contributory factors to the causes of accidents during the transportation of
petroleum products in Nigeria?

3. What challenges do tanker drivers face in the downstream sector of the petroleum
transport industry?

4. What measures could be implemented to mitigate tanker transportation accidents?

5. What is the perception of drivers toward training as it relates to petroleum products
transportation?

6. What possible benefits could the Nigerian oil and gas transport sector achieved by

implementing the safety assessment framework?

Table 4 Linking table of research objectives, questions, and chapters (RO= research
objective, RQ= research question)

Objectives Research Research Research Chapters Method of
Number Objectives Question Question Analysis
Number

RO1 To perform a RQ1 What is the status 1 Literature
literature review of hazmat review
on the Nigerian transportation
downstream globally? In
petroleum Nigeria?
industry.

RO2 To investigate the = RQ2 What are the 1 Literature
causes of contributory review &
accidents factors to the Quantitative
involving road causes of accidents survey
tankers during the
transporting transportation of
petroleum petroleum products
products in in Nigeria?

Nigeria.
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RO3

RO4

RO5

RO6

To investigate the
challenges faced
by stakeholders
across the value
chain involved in
the transportation
of petroleum
products.

To evaluate the
suitability of
measures that can
be implemented
for the mitigation
of tanker
transportation
accidents.

To develop a
framework for
road safety during
Hazmat
transportation
considering safety
legislation and
standards for
tanker operations
in Nigeria.

To use the
developed
framework as a
guideline for the
mitigation of
accident during
the transportation
of petroleum
products in
Nigeria thereby
promoting road
safety.

RQ3

RQ4

RQ5

RQ6

What are the
challenges faced
by the downstream
petroleum
transportation
sector in Nigeria?

What challenges
do tanker drivers
face in the
petroleum
downstream
industry in
Nigeria?

What are the views
of drivers towards
technology?

What are the
possible benefits
for the Nigerian oil
and gas transport
sector by
implementing the
developed safety
framework?

2

5 &6

2

2

Quantitative
survey

Quantitative
survey

Mixed research
methods.

Interviews.
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1.10 Qutline Methodology

The first objective would be achieved by carrying out a literature review of the Nigerian
downstream oil and gas sector as it relates to the transportation and distribution of petroleum
products in Nigeria. The literature review presents an overview of the transportation of
petroleum products using road tankers from the storage depots to the retail outlets.

Then subsequently, the research adopted a mixed methods approach through the combined use
of quantitative and qualitative strategies to investigate the causes of road tanker accidents
during the transportation of petroleum products in Nigeria to achieve the second objective.
The third objective would be achieved by conducting a qualitative study through a semi-
structured interview to seek the opinions of different stakeholders and experts across the value
chain regarding the challenges they face during tanker transportation of petroleum products.
The fourth objective would be achieved by carrying out a feasibility study to evaluate and
understand which measures can be implemented to prevent accidents on the road during
petroleum products transportation. This would be achieved through a semi structured interview
with transport experts. A review of the success of similar measures in other parts of the world
would also be carried out.

The fifth objective would be achieved by developing a framework based on the results from
the analysis of both the survey and interviews, and linking together all the elements that would
contribute to the safety of tanker transportation. Additional elements of the framework will
include safety legislation and standards for tanker transportation in Nigeria.

Finally, the framework would be evaluated through interviews and Focus Group discussion to
evaluate and determine the acceptability of the proposed framework that would be
implemented to enhance road safety for the oil tankers which is the sixth objective, and this

conclude the research study.
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1.11 Research Scope and Limitations

The scope of this research study is to develop a safety assessment framework for Hazardous
Materials (HazMat) transportation using tankers in order for stakeholders to select and deploy
measures to mitigate accidents and promote safety on the road. Like any research, the
limitations are an important part as this identifies the scope and highlights the future work. For
this research the limitations were:
= Hazardous materials are made up of nine classes, however, considering the volume of
work that would be required to develop a framework for each class of HazMat, the
limited time and the resources available to the researcher, the researcher ha