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Some Retrofit Considerations for Revitalizing and
Upgrading the QOji-River Coal-Fired Thermal
Power Station for Service in
21st Century Nigeria

GEORGE C. OGUEIJIOFOR

Department of Chemical Engineering
Fuculty of Engineering and Technology
Nnamdi Azikiwe University

Awka, Nigeria

The mujor objective of this article Iy ) show that in the context of susiainable de-
velupment, coal and its downstream power generation industry could complement
petroleunt and hvdmelectrle industries in the rational power generatlon scheme,

The continued utilization of coal n power generation schemes in the world as
well as envirenmental pellution caused by other fossil fitels were examined. These weré
presented as Justifications for the propesed reintegration of coal ag a eomplement to
hvdropower and nil/yas sources of etectric energy in Nigeria,

The seheme of power generation in the Oji-River thermai siatlon was reviewed
to enhance the appreciation of the retrofit models to ke presented Jor the revitalization
of the plunt,

Subsequently, 2 sustainable development retrofic models were considered for the
revitalization of the Oji-River thermal power station and enkanced industrial eivillza-
tion of the Qi neighborhood, as this article will show.

To ensure self-sufficlency, this artlele will show how the 2 retrofit modely will
depend on abundant locally available resources, ramely, cogl, limestone, warer, and
air '

Keywords  downstream power generation industry, revitalization, sustainable de-
velopment retrofit models, enhanced indusirial civilization, self-sufficiency, lacally
available resolrces

Introduction

Tn the ongoing era of economic reform under the names of deregulation, liberalization,
and privatization of government monopolies, the 30 MW Oji-River coul-fired thermal
power station is a potential investor-attracting power-generation project.

The situation in Qji-River, 4 town that is about 35 km west of Enugu (Figure 4 in the
appendix), the power-generation plant was ¢ommissioned in 1956 by the British colonial
government. It served the defunct Eastern Nigerin that 8 currently made up of Enugu,

Received 18 April 2002; neeepted 5 July 2002,

Address correspondence to G. C. Qgusjiofor, Department af Chemical Engineering, Faculty
of Engineering and Technology, Nnamdi Azikiwe University, Awka, PM.B, 5023, Nigeria. E-mail:
ogusiioforg @ vaheo.com
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1034 G . Ogueajinfor

Anambira, Ebotiyi, Abin, and o Stares, It depended an the coal lrom the Enugy conl
mined that wis suppticd by o hucket conveyor syslem (hat covered about 3% k.
Secuilty consciousncss resilting from the Nigerian civil war of 19671970 was
apparently sesponsible for sumting the development of coal and s diwnstreain industries
hy the military and palitical elasses through enepuraging the development aned domipatinng
of petroleumn ag an aliemalive soutce of cperpy in the 19705 and bayoid. This led
tonepdeet of the (ji-River thermil statiun nnd s eventunl shutdown in 1990 on the
grovthads of envieonmental poltution npd incrensing operationsl/maintehance costs, while
its counterpart, the Lord power statjon in Lagos that was alsa conl fired, was cunvetted
0 4 gas-fired power station, Other conl-dependent industries tat virtuatly died with the
plant weee the Nigeriar cola catporation, the Nigerdan cement company Nkalagu, and
thg Nigerian riflwily eorparation (cven the dieselization of the locomoijve engines dic
Mot save its gituation). Thus coal hectime jreelevant in e Nigerias economy and SNCIpy
. mis, .
Iy recent times, efforts 1o redress (he wunfurluniate development by diversifying our
ceonuimie and indostrial developments have resulted in the tollowing phenomenn:

I The Ministry of Salid Mintra) Development in 2001 sifined an ngreement with a
Soulll Afriean Consortium for the reviialization of Bnugu eonl mines,

2. Duting the visit of the president of Nigerin to Enugu State in 2000, the ROVEITOT
ok his august vigitor (o the Ofi-River thermal pawer genernting Stalion with g
view o restarting the shutdown piant,

3. The vandatization of 330 kV of transmrission line in Bde State in 2001, which
pus all tie Hasiern Stales, Taraba, and Bentie States w0 0 days of power biackeul,
inspired various tevels of gavernments bnd well-meaning Nigerians to join in
soliciting the Teceral awhorities for the reactivation of the Oji-River plant.

Giver the forgane excursion into the trend of events surrounding the Oji-River pawer
stition and the need o addyess muliiple enetgy dependencies as the hedrock of the fapid
indstrinfization and economic-development engine, this article will look at the retrafit
considerations necessary to upgrade and put the Ofi-River power getlerntion station hack
o uperation. To this end, this article is broken up inte the following reclions:

I fo justify the need to reinteprate conl inte the Niperiin commercial/indusiyial
energy dependencies;

2. to review ihe theemal power-pencrating schente oblainnhle ot the Ofi-Rivep plant;

3.t present the retofit models that ensine susiainable ievelopment in the environ-
ient;

4. to conclude the paper.

Justifying Encrgy Dependency on Coal

Contribution of Coal in Llecirivity Generaiion

Coul 18 the most widely wilizad resontee for alectricity poneeation, as Table 1 shows. i
Lontributes A% to the total elocirieity utilization a the workd,

Aln. Table 2 shows that coal that is being used in high percentages in atlvanced
itdusirialized countries, numely, the USA and the UK, was neglected and abandoned by
federal authoritics and that ceni’s percentnge eontribution to power generation is zerg in
Migerin.
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Table 1
World electricity generation resource
Energy resource Percentage utilization (%)
Coal 40
Hydroelectric 21
Nuclear 17
il 11
Gas 10

Source: lwa, 1998, p. 18,

However, the following sections will show that petroleum development, which the
military/political classes undertook with a corresponding de-emphasis on coal usage and
development, is not pollution-free.

Qil Spills and Contamination

Qil exploration and exploitation cause some fatalities, spillages, and environmental con-
tamination. One example was on March 24, 1989, when the US experienced one of the
waorst spillages ever when the Exxon oil tanker Valdez wrecked and spilled 11 million
gallens of crude oil, which produced a slick of over 3,000 m? along the South Alaskan
Coast. Cable News Network (1999) reported that the accident was one of the worst oil
spills in US history and that US $3 billion was spent on cleanup of the spill. Despite this
accident, the world and Nigeria have not abandoned crude oil.

In Nigeria's Niger-Delta, crude oil production results in sandfeil sludge and oﬁy
waste water, which contaminate land, swamps, and seas on which dnlhng/produchon
rigs are situated.

Oil spillage caused by host-community sabotage employee error, and facility failure
results in contaminated land, soii, and water. Subsequently, expensive cleanup operations
are undertaken as remediation measures to restore the contaminated environment and
ensure sustainable development. The Shell Petroleum Development Company of Nigeria
Limited (SPDC, 2000, p. 36) reported that a total of 340 oil spills were recorded in 2000,
accounting for 30,751 barrels of oil spilled.

Table 2
Percentage contribution of coal in
power generation

Country Percentage contribution (%)

China 90

India 90 :
UK 60

USA 50

Nigeria 0.

Source: Iwu, 1998, p. 18,
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Gas Flaring and Venting

Routine gas flaring in Nigeria during oil production, which produces a yellow flame plus
visible dark-brown smoke, is indicative of incomplete combustion leading to environmen-
tal acidification, Oguejiofor (2000b, p. 101) showed the annual levels and trends of the
various pollutants poured into the stmosphere by gas flaring by the upstream petroleum
industry in Nigeria. Flaring heats up the surrounding environment and causes significant
loss in crop yields within 1,000 m of the flare station {Qguejiofor, 2000b, p. 103).

Gas venting pours volatile organic compounds and methane, CHy, into the atmo-
sphere, CHy is known to be a greenhouse gas that has the potential to contribute to the
global warming phenomenon.

All of this justifies that coal and its downstream industries are not alone in environ-
mental pollution. However, the need for sustainabie development inspired statutory and
regulatory authorities to ensure compliance with environmental quality standards put in
place to contrel pollution and contamination during resource exploration and exploitation,
Examples are the relevant laws of the land, the regulations of the Federal Environmental
Protection Authority (FEPA), the Department of Petroleum Resources (DPR), and the
popular International Standard Organisation's (IS0) 14001,

Coal Cleanup Technologies r

Enugu is known to have low sulphur content coal and so gascous emissions from the
burning of Enugu Coal is not likely to foul the environment as much as coal with a high
sulphur content, According to Atuanya et al. (2001, p. 3), Enugu coal was analyzed and
found to have 65.4% of carbon as received and 71.9% as washed, 0.68% of sulphur,
0.008% of phosphorus, specific gravity of 1.3, and a softening point of 365°C. Aside
from this, the development of advanced clean coal technologics (ACCT) ensures that all
gaseous emisslons from coal combustion are reduced to the barest minimum. Models
of such technologies that involve particulate removal, gas scrubbing, or fluidized bed
combustion that ensures low temperature combustion will be presented later in this article.
i

Review of the Qji Thermal Power Generation Scheme

Figure | is the schematic representation of the Qji-River coal-fired thermal power station
shutdown in 1990. Heat needed to convert water into steam is obtained by coal combustion
in the boiler. High pressure steam is raised by this means. By charging the high pressure
steam to impinge on the blades of the turbine, high-speed rotation of the shaft is obtaited.
Thus chemical energy is converted to rotary mechanical energy. The rotation of the turbine
is transferred 1o the electric generator coupled to it, thereby converting mechanical energy
into electrical energy, The steam is condensed by river water drawn from the river, and
the condensed stearn (water) is returned 'to the boiler. About 1.3 kV of electrical engrgy is
generated and transmitted 1o the generator transformer, where it is steppad up to 330 kV
and transmitted to the switching station for connection to the natural grid (see Figure 1).

The review of the scheme of Oji-River power generating station provides a strong
basis for enhanced appreciation of the models of retrofit considerations for reactivating
the station. -

Retrofit Models for Oji-River Plant Revitalization

Burning of conl and other fossil fuels emits. pollutants such as 50z, NOy, COy, and
particulate ash. According to Kirkby (1983, p. 192), power plants typically have large
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Figure 1, Schematic representation of the coal-fired Oji-River thermal power station. Source:
Oguegiofer (2002).
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"

voluines of gas and low SO concentrations, while chemical plants such as sulphuric
acid units have higher concentrations but lower volumes. o

502, NOy, and CO; are acid gases. The transformation in the atmosphere of .these
oxides into acids give rise to the phenomenon of environmental acidification (Oguejiofor,
2000, p. 101). Environmental acidification leads to acid rain, which attacks everything,
namely, vegetation, soils, steel structures, masonry works, and road pavements, and pos-
sibly causes hair loss in humans and animals. '

Apart from being an acid gas, CO; is a greenhouse gas that has global warming
potential. Therefore the retrofitting. of boilers and furnaces for CO, removal is very
imporiant,

In view of the foregoing, the removal of the greenhouse and acid gases from the
flue gas stream will ensure sustainable development. Sustainable development is achiev-
ing economic and industrial advancements without compromising the environment, This
definition may have been the vision of Theodore Roosevelt in 1900 when he said, “1
recognize the tight and duty of this generation to develop and use our natural resources,
but I do not recognize the right to waste them, or to rob by wasteful use, the generations
that come after us”” In the context of this work, sustainable development is therefore
the retrofitting of industrial plants for environmental protection. To this end, the retrofit
considerations for putting the Oji-River thermal station back into service will present 2
clean-coal utilization technology models plus an atternative option.

Flue Gas DeSQ3, DeCO;, and DeNO, (FGDIDD) Model

The acronyms for flue-gas desulphurization (DeSQ,), decarbonization (DeC0y), and den-
itrification (DENQ,) may be combined to give the FGDDD model or simply the FG3D
model. The scheme of the model is presented in Figure 2.
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Figure 2. Process diagram of 8§03, CO;, and NOx treatment: when Enugu low sulphur content
coal nnd cumplull: combustion are ol snough, : :

DeS0s. Flue-gas desulphurization DeSQ; employs a chemistry of reacting gaseous sul-
phur dioxide, SO;, with lime (caleium hydroxide Ca(OH)z2} in a scrubber (Figure 2) to
precipitate insoluble calcium sulphate, CaSQ4 (gypsum sludge), as shown in the chemical
equation below:

Ve

S0, (g) + Ca{OR)z (1) = CaSO0a(s) § +H20(1),

The process produces about 90-95% SO,-free gas, but generates huge quantities of waste
CaS0, and requires a huge supply of lime. This is obtained by quarrying and then kilning
(heating) limestone CaCO3, a process that drives off carbun dmxldg ﬂl;ld produces calcium
oxide, CaD e

CaCOq(8) + heat — Cal(s) + COz(g)..

By slaking, a process of reacting Ca© with H;D lime fnr SO: removal is pPDdUt'-l.'-d
according to the equation below;

Cal){s) + Hzlj(l; —+ Ca(OH)z(l)" '

DeCO; and DeNQ,. The 50;-free gas containing CO;3 and ' NO from coal combustion
ts mixed with CO3 from kilning and charged to the bottom of the scrubber (Figure 2). Hot
water under pressure of 30 atmospheres is fed into the tnp of the scrubbar Tl'la conchtions
of the reactants (lemperature and pressure) enhance the soll.ihility of the gises in water,
and dissolution of COz and NO, is facilitated as tha fullowmg eqnntium presented by
Ogu:}mfur {2000, p. 101) will dr,munstrat(‘: "

A - i

DeCOs equation: . Pt e .
COxg) + HaOQ) & HaCOsGag).. . . ;
DeNO, equations:

NOQ, is a mixture of nitrogen monoxide and Initr'c:gcll:l dioxide. The oxidation of
fitrogen monux:de hy nvmlable oxygen to form nitrogen n:lmmds ] ahown H

2NO(g) + 02 (8) —+ ZNOz ().
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Nitrogen dioxide dissolves in the scrubbing water to give nitrous acid and nitric acid as
presented below.

2NOz{(g) + HzO(l) — HNO;(ng) + HNO;(ag).

Economics of the FG3D Madel, Such huge quantities of limestone are readily available
at cement factory locations in Northern, Eastern, and Western Nigeria that Nigeria could
be described as a limestone territory. Large reserves are located at Yandev (Benue State),
Ashaka (Bauchl State), Ukpilla (Edo State), Ewekoro (Ogun State), Nkalagw (Enugu
State), and Calabar (Cross River State) Odomoke near Abakaliki, and Awgu, to mention
just a few locations. The nearest limestone reserve to Oji-River bﬂlng Nknlagu is currently
bedeviled by obsolete mining equipmant,

The other naturally-endowed raw material for the Oji-River thermal station is coal,
The coal reserve is about 2,75 billion metric tones, but production that is located mainly
in Enugu and Okaba (Kogi State) areas is < 0.01% of the total reserve per year (Iwuy,
1998, p. 4). Atanya et al. (2001, p. 3) states that Enugu coal was analyzed and found
to have a gross calorific value of 32.91 MI/kg®C (dry and ash free) and a net calorific
value of 16.00 MI/kg®C. However, the Nigerian Coal Corporation is curréntly plagued
by absolete equipment, OF course the river at Oji-River provides the water requirement,
while the other raw material, air, 1s freely available. All of these are pointers to the
abundance of raw materials for the economics of the FG3D Model,

The products derivable from the FG3D Model are particulate ash (soot), gypsum, and
uqueous carbonic acid, Soot would be useful in making rubber tires, black shoe polish,
printer's ink, typewriting ribbons, carbon paper, and toners for photocopiers. Gypsum is
usable in cement manufacture, the plasierboard industry, and landfill projects. Carbonic
acid is applicable as a chemistry reagent for the teeming school population.

Fluidized Bed Combustion, FBC Model

Another retrofit consideration for revitalizing the Oji-River thermal power station is the
fluidized bed combustion (FBC) model. Powdered coal is mixed with powdered limestone
or dolomite and the mixture is fed into the combustion chamber (Figure 3). Compressed
air is blown into the combustion chamber from below, makifig the mixture behave like
a fluid (hence the name). According ta. MeCormick (1997, p. 43), combustion takes
place without visible flames at a temperature of about 850-900°C (1560-1650"F), much
lass than the 1650°C (3000°F) needed in conventional coal-fired systems. The lower
temperature reduces oxidatlon of elemental nitrogen to nitrogen oxides, and SO emis-
sions are reduced by about 90% by its reaction with limestone to produce dry gypsum.
The entrained gas from the fluidized-bed combustion is separated by cyclone, However,
for optimum particle sizes =< I p and optimum gas concentrations = 0.1 grains/ft’, an
electrostatic precipitator is suitable (Oguejiofor, 2000, pp. 108-109). ‘

As shown in Figure 3, fluidized particles circulate between the cumbuatur and the
boiler via the cyclone. Steam is raised in the boiler by heat exchange between the hot
circulating solid particles and the flowing water. The steam raised is fed into the turbine
to generate electricity as shown in the Figure 1 arrangement. To get rid of the CO; that
is both an acid gas and a greenhouse gas, it is charged to the bottom of the scrubber. A
counter current flow of water at about 30 atmospheres dissolves about 95% of the COa.

L

Economics of the FBEC Model. Enugu State coal is a cheap fuel and the reserves of
42,670,000 tonnes have been proved by drilling at Enugu, 29,470,000 tonnes at Ezimo,
and 32,000,000 tonnes at Awgu Ndeabo Shale (Federal Republic of Nigeria, 1987, p. 47).
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Figure 3. Altermative medel Tor treating goses for sustainable development; when gy low
salphur content conl i e efficient Muidized-hed combastim are mot enough,

Limestone and dolomite are relatively ¢heap and available in huge comimeicial quan-
tities ot Nkalagu, Aceerding o Berry (1983, po 195), himestone and dolomite are tsed in
amounts thal range Trom only 5 (o 10% of the coul charged.

Cens Utilization Option

Huge natural gas deposits are available st Ugwioba, Enugo State, a neighburing town o
Ofi-River, Should the fedeval mhoritics [nllow their carlier precedence wherehy the Hom
|n'1wcr station wus converted (o gas-fived plant, then the huge gas resoarces al Ugwuobi
shoukd be exploiied for the revitalization and upgrade of the Oji-River counterpant. About
15 kim of gax pipeline would be required to deliver gag rom iix deposits ot Ugwuoba to
the plant location af Opi-Raver,

Conclusion and Recommendalions

The challenge of industrialization and economic development in Nigeria is 1o exploit
endowed abomdant resomees o produee valne-added gowds and services within the con-
text of sustainable development, Tlhis paper presented 2 clenn coal nitlization models tor
retrolitting into the Ofi-River thermal power station when revitalizing it .

Therefore in this era of deregulation, cmwergence of independent power generation,
Independent Power Gencrations (IPG) enterprises, and serious govermment cancern about
solidd mineeal development. the federd povernmient should do ihe following;

Lorevitadize or teansier the Ofi-River conl-powered themial power stalion 16 in-
terested investorsfentrepreneurs in the power genertion indusiry for subsequent
vevitulization,
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2. huild thermal power plants at locations where buge coal deposits. Timestone je-
soerves, and Fivers are IU“"H]}) available 1o U(]IT\!,‘!IE‘."'IL‘P!! amver N“pply friom the
mation’s hydroeleetrie and gasfoll sourees,

e diversitication of prawer l_!L'Ilt"t':Ililil‘. st pested alrowe wonld provide ihe elevtricity
peeded Tor the Tollowing.!

. vapid industrialization and economic advamgement wul of conrse the technology
transler needed for coping with evenig of the modern world.

2. rural cleetrification, which in trn will cheek rural 1o whan migration that plagues
nwal agricultaral productionfdevelopiment on one haid sl on the othey hanel
would encoleage the menace of the urban motorcycle transpott bisiness popularly
known as “okada” trunsport,

A providing aliemative clectricity sonrees oi oie hand and on the other lawnel pare-
venting Blackoms whenever an aceident or vimdalization of i magor transmission
line, sueh as o 330 KV transmission line, lakes place in futore,
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Froure 4. Map showing the lociation of endowed resomrees Tor revitalization mimd sustainable de-
velopmient retrohitting of the Oji-River power station.



