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The research investigations presented in this thesis
pertain to the Systems Approach to Petroleum Process Engineering
and Environment in Nigeria. The economic development of Nigeria,
as of loday, is dependent on its oil. Nigeria is a member of the
Organization of Petroleum Exporting Countries, its abundant oil
resources should be utilised in such a way that the people of
Nigeria would benefil most. In this contexl, the petroleum system
of Nigeria would play a significant role in its development.

There have been few studies in which the socioeconaomic
implications of the petroleum industry have been analysed.

The first chapter deals with nature of the petroleum process
engineering and environment of Nigeria and relevant literature
reviews of petroleum/energy sector models/studies.Dynamics of
petroleum/0il production model, alternative energy sources and
energy efficiency tlechnologies have been treated.The relevant
systems concepts and techniques and purpose of study have been
highlighted.

Chapter f, reveals the essence of petroleum and environmental
engineering \ impact assessment of Nigeria. Research and
1evelopment on petroleum refining processes and environment,
automotive fuel emission,air quality standard, technology
development for alternative automotlive fuels have been
highlighted. Environmental engineering planning strategies,and
policy implications of petroleum regulations have been analysed.

Attempt has been made in chapter 3 to identify the
indigenous demand and supply of oil products in Nigeria, the

potential for export, the contributions of domestic refineries



and the import of specialised heavy crude on the basis of
observed data. In this connection, the interzonal petlroleum
product flows over the tlransport network have been modelled
through a suitably calibrated and validated gravity model with
predictive capability for fulure tlargel years. The estimate of
interzonal flows for future years are on the basis of projections
of the demand in future as well as the identified exporl—-import
models for assessing domestic supply availabililies.

The current energy scene in Nigeria and ils fulure needs
have been analysed in chapter 4. The five major demand seclors
considered are : Industry, Agriculture, Transport,
Commercial/Services/Government and Residential cerlain major
determinants of demand are identified before making demand
projections, In this respect, an attempt is made to build three
scenarios. Scenario I is for major sectoral growlh remaining
unchanged from the trends observed in the past. Scenario II is for
the situation where the total energy demand mix may change as the
economy adopts higher energy intensity growth path, and Scenario
I11 is for the case where the total energy demand mix may change
further as demand management measures are adopted. The pelroleum
policy alternatives are dealt with in chapter 5. The rationale
behind analysin.. petroleum supply options for three demand
scenarios is only to illustrate the importance of energy demand
managemenlt as an energy policy tool. The methodology of evaluation
of the Net Present Value (NPV) is applied to the Nigerian
situation, to analyse the implications of the international oil

market developments on the Nigerian Pelroleum Industry in



particular and on the Nigerian economy in general. Different
simulation runs suggest a range of policy options for utilisation
of Nigeria's o0il reserves. The issues related to potential growth
of the Natural Gas utilisation are alseo highlighted.

The thesis ends with a concluding chapter highlighting the

research contributions and delineating future scope of pertinent

research work.



NOMENCLATURES (ABBREVIATIONS) USED IN THE THESIS
m

Cij ! unit cost of carrying petroleum product

m from origin i to destination j
m
tij ¢! Total flow of commodity m from region i to

region j measured in metric tonnes
m m mm
K,Ai,Bj,f ¢ Normalising factors
m
tij (i=1,2....5,j=1,2.....19) Matrix, row sums, column sums
m m m m
Et, Eo, It, Io Quantity of crude oil exported and
th
imported in t years and base years

Et/Ct/Ft :Total electricity/non-coking coal/fuel oil consumplion in year t
Kit i Electricity consumption intensity in sub sector i in year t
FAL(F2t) : Freight traffic by rail(road)modes in year t in bnkm

P1L(P2t) : Passenger traffic by rail (road) modes in bpkm

E2t ¢ Energy demand for water transport
E4t ! Energy demand for air transport
ATF ! Aviation turbine fuel

API ! American Petroleum Institute

Gwh ! in Giga watt hqurs

Ha ! in Hectare

hp : Horse power

kcal ! Kilo Calories

Kwh ! Kilowatt hour

Mtoe : Million tonnes of 0il equivalent
MMT t Million metric tonnes

Mtcr ! Million tonnes coal equivalent
Mtpa : Million tonne per annum

Mw ! Mega watt

Mbd ! Million barrels-daily



N 2 Naira (Nigeriah currency)

Tce ¢ Tonnes of coal equivalent

:Toe ¢ Tonnes of 0il equivalent

cbu ¢ Crude distillation unit

FCC ¢ Fluidized catalytic crakers

FYP ¢ Five Year Plan

GDP : Gross domestic product

HC ! Hydro craker Unit

HSD ! High speed diesel

1EA ¢ International Energy Agency

IPWH ¢ Industrial Process Water Heating

LDO : Light diesel oil

LPG ! Liquefied petroleum gas

NNPC ¢! Nigerian National Petroleum Corporation

OPEC ¢ Organization Of Petroleum Exportng Countries
0OECD ¢ Organization for Economic Coorporation & Development
PV * Photo-voltaic

RES : Reference energy systems

RETs ¢ Renewable energy technologies

VDU ¢ Vacuum distillation unit

BGTKM t Billion gross tonne-kilometre

BNTKM ¢t Billion net tonne-kilometre

BPKM : Billion passenger-kilometre

Kgcr : Kllogram of coal replacement

SWHs ! Solar water heaters

CFM6 ! Total Pre;ent Value of costs incurred for New

Refineries of FCC type coming in stream



HDPE/LDPE : High/Low density Polyethylene
a ! Regression constant

b ¢ Regression Coefficient

S.D ¢ Standard Deviation

F ! Significance Test

R2 ¢ Correlation coefficient

CONVERSION FACTORS (MTOE/PHYSICAL UNITS)

Electricity :0.00025mtoe/Gwh
3 &6 9
Alpha, thousand, million, billion : o,10, 10, 10
Coal 10.4902mtoe/MML
Soft Coke :0.735mtoe/MMT
Liquedfied Petroleum Gas :1.130mtoe/MMT
Motor Spirit :1.092mtoe/MMT
Naphtha :1.081mtoe/MML
Kerosene :1.081mtoe/MMT
Aviation Turbine Fuel $1.069mtoe /MMT
Diesel 0Oils $1.058mtoe/MMT
Fuel Oils 10.995mtoe/MML
Specific Gravity of 0il :0.8191.
1 British Imperial Gallon t4.5411itres, 1000kg: 1ton

1 tonne : 7.4468 barrel
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