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SUBSTATIONS
KNOW YOUR 

SUBSTATIONS
KNOW YOUR 

GUSAU     132/33kV 
TRANSMISSION  SUBSTATION

irthed on the backdrop of 

imminent urbanization and Over t ime, both transformers became 

increased electricity demand inadequate for the increased electricity 

in Zamfara State and its demand by consumer in Gusau.  

environs, t he 132/ 33kV 

Gusau Substation, was built In 2015, TCN attempted to bring in a new 

in 1978 with an init ial transformer to the substation, this was not 

installed capacity of 15MVA, 132/33kV successful but had logistics issues.

power transformer. 

On Friday, 24th January 2020, however, the 

In response to the increased power demand, company successfully commissioned to 

the Transmission Company of Nigeria (TCN) service a 60MVA 132/33kV transformer 

upgraded the Substation with 1x30MVA, which was installed completely by TCN's in-

132/ 33kV, it  moved from Kumbotso house engineers.

Substation in Kano Subregion and shortly, 

the 15MVA transformer developed fault and With the new installation, all the 33kV 

was auctioned. feeders in the station are conveniently on full 

load. This has increased stable and quality 

In 2010, a 30MVA 132/ 33kV mobile power supply to Kano Disco to distribute to 

transformer (Mobitra), was in the Substation its customers who are supplied from Gusau 

bringing its capacity to 60MVA. transmission Substation.
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The Market Operator, Engr. Edmund Eje, making a presentation during the investigative public hearing organized by the Senate
 Committee on Power, on Tuesday, 23rd June 2020, at the Senate Complex, NASS, Abuja.

TCN and EKO Disco hold virtual meeting on interface issues at TCN Conference room on Friday, 22nd May 2020

TCN Management led by the Ag. MD/CEO, Engr. S. A. Abdulaziz at the public hearing on " Power Sector Recovery Plan and
 the Impact of COVID-19 Pandemic" organized by Senate Committee on Power on 23rd June, 2020

TCN team led by the new Ag. MD/CEO, Engr. S. A. Abdulaziz and AfDB team led by Snr. Director (Country Office), Brama Effal,
 in high level online meeting on challenges facing AfDB/TCN projects and effectiveness of AfDB loan to TCN on 25th June2020
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Introduction: should be effectively grounded for example t ransformer tanks, 

Earthing or grounding pract ices protection of equipments switch gear frame work etc.

adapted at transmission substations Extraneous metal frame work not and operat ing personnel. Earth 
and lines are of great importance. It is associated with the power connections of all equipments should 
however observed that this item is systems, for example, boundary, be made in duplicate.
most often neglected. They are 

fence, steel structures etc.
skipped, considering them as too 

Connect ing  lead  should  have Functions of Earthing System: 
elementary or even unimportant. 

sufficient current carrying capacity. Earthing or grounding means an 
Indeed, they are important to every 

Lightening arrestors should have electrical connect ion to the 
practicing engineer in charge of 

independent earth electrode which general mass of earth to provide 
substations. Earthing system must be 

should be inter connected to the safe passage to fault current to 
well designed, maintained and future 

station grounding system. All paints, enable it to operate protective 
expansion must be taken into account 

enamel, seals should be removed devices and provide safety to 
while designing the dimension of 

from the point of contact of metal personnel and Equipments.
earth mat.

surfaces before earth connections are 

made. The resistances of earth system A Substation Earthing System Has 
The purpose of earthing are:

should not exceed 1 ohms for to Satisfy Four Requirements:
1. Protection to personnel 330/132kV Sub Stations. Suitable  The earthing system must 
2. Protection to the plant and grounding mat should be provided in provide an environment which is 
3.Improvement in service quality and the substation. free from the possibility of fatal 
reliability

electric shock.

The Following Should be Earthed in  The earthing system must 
Non- current carrying parts with HV Substations: provide a low impedance path for 
conducting surface such as tanks of The neutral point of the systems of fault and earth leakage currents 
Power Transformers, and frame work different voltages which have to be to pass to earth.
of circuit breakers, structural steel earthed.  The earthing conductors must 
works in switch yard instrument Apparatus, frame work and other non- possess suf f icient  t hermal  
transformer cases, lightning arresters cu r ren t  car r y i ng  m et al  wo rk  capacity to pass the highest fault 
and armoured cables armouring associated with the system, for current for the required time and 

Ÿ

Ÿ

EARTHING SYSTEM FOR 

HIGH VOLTAGE (HV)

By Engr. Ismail Inuwa Dalhatu

 AC TRANSMISSION SUBSTATIONS
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and corrosion resistance. the equipment /  Machinery touch the shall be installed at a distance of at 

frames, and consequently saves the least twice the diagonal length of 
Earthing is Broadly Divided Into: the substation which is covered by operat ing personnel from fatal 
System Grounding (System Earthing) safety grounding. The neutral of the accidents. Thus the equipment 
Equipment Grounding (Safety Grounding) transformer has to be connected to 

grounding is basically intended to 
this 

safeguard to a great extent from the 
System Grounding: remote earthing by means of 

hazards of touch voltages. The safety 
It is a connection to the ground of a part of insulated leads. Even with this 

ground is so designed that the the plant forming part of the operating arrangement one cannot always be 
potent ial dif ference appearing circuits for example the star point of the 

sure about the complete isolation 
between the f rames and the transformer or the neutral conductor. The 

of the two systems and there is 
grounding of the lighting arrestors also neighbouring ground is kept within 

always a chance of inadequate comes under system grounding. The safe limits.
elect rical connect ion through provision of system grounding reduces to 

buried neutral pipes etc. Hence, this considerable extent the magnitude of the Separation of System and Safety 
transient over voltages and there by is impracticable, complicated and Grounds:
increases the life of electrical equipment costly. It is therefore a common During ground fault conditions, the 
besides minim izing  t he services fault current flows via the system practice to install a common 
interruptions. ground. When the system and safety grounding system and design the 

grounds are inter connected, the same for effective earthing and 
Thus the fundamental purpose of system fault current flowing (via) the system 

safer potential gradients.
grounding is the protection of installation ground rises the potential of the 
and improvement in quality of service. The safety ground. Also the flow of 

System Earthing:system grounding will also ensure the current to safety ground results in 
System earthing is governed by safety of personnel to some extent, as it hazardous potential gradient in and 
provisions of Rule – Of I.E Rules, helps to clear the fault within the shortest around substation. In view of the 
1956. Unearthed systems have period of time. above it is sometimes suggested that 
been t ried and due to the 

separate system and safety grounds 
phenomenon of Arcing Grounds Safety Grounds (Equipment Grounding) will avoid the danger arising due to 
associated with them, theses have 

It is a connection to the ground of non- potential gradients. The idea is that 
been abandoned, except in some 

current carrying parts of the equipments by connecting the system ground to 
few cases of  power stat ion 

l i ke M ot o rs, Transfo rmer  Tanks, a separate earthing system situated 
auxiliaries supply systems where 

Swi t chg ear  enclo sures, M et al l i c in an accessible spot, the ground 
other arrangements are made for 

enclosures of all electrically operated fault current does not flow through 
indicat ing earth faults. In an 

equipment's and also the installations the safety ground. However, this 
ungrounded system the insulation 

used to carry/  Support  elect rical separate system of grounds has 
of all the equipment's, lines etc. will 

equ ipment s. The f rames o f  t he many disadvantages and can be 
have to be much higher values as 

equipments, if not earthed when come more hazardous as mentioned below
compared to those of equipment's 

into contact accidentally with live part will  With separate grounds we can 
and lines of a grounded system. 

have potential with reference to the avoid danger due to potentials only 
This aspect greatly reduces the 

ground. The potential difference, when for faults outside the stations.
costs and ensures more safety.

shunted between the hands and the feet  Short circuit currents will be more if 
of a person touching the frame, produces the fault occurs in the substation.

Types of System Earthing:current through the body which can result  The resistance may be more and in 
 Earthing through a resistance.in a fatality. By connecting the frames to a some cases sufficient currents may 
 Earthing through a reactance.low resistance ground system, a not flow to operate the relays.
 Earthing through a Peterson coilsufficiently high current will flow into the  For effective separation of the 
 Earthing directly or solid earthing.ground when accidentally the live parts of earthing systems, the system ground 
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asphaltic varnish 

and then covered 22. The entire earthing system shall 

with hessian tape be laid  wi t h const ruct ional  

to avoid rusting. conveniences, keeping in view the 

above points.

14. Al l  paint s, Earth Electrodes

enamel and scale Earth electrodes shall be of CI pipe 

shall be removed 100mm (inner dia) 2.75 meters long 

f rom po int  o f  with a flange at the top and earth 

contact in metal flat already indicated and shall be 

surfaces before connected to earth grid in the 

4. The outer most peripheral earthing ground connections. Substat ion. All earth pits are 

conductor surrounding the earth mat shall excavated and the preferred backfill 

be of 100 x 16 mm size MS flat. is a mixture of coke and salt in 15. The risers taken along the main 

alternate layers. A suitable size switchyard structures and equipment 

cement collar may be provided to 5. The intermediate earthing conductors structures (up to their top) shall be 

each earth electrode. All bolted forming the earth mat shall be of 75 x 8 clamped to the structure at an 

earth mat connections and strip mm size flat. interval of not more than one meter 

connections to the plant and with ground connectors.

equipment panel will be subjected 6. All the risers used for connecting the 

to strict scrut iny. Transformer equipment steel structures etc., to earth 16. 75 X 8 mm ground conductor 
Neutrals shall be connected directly mat shall be of 50 x6 mm size except shall run in cable trenches and shall 
to the earth electrode by two earthing of lightening arrestors and be connected to the ground mat at 
independent MS strips of 75 X transformer neutrals for which 100 x 16 an interval of 5 meters.
8mm. The t ransformer body mm or 75 x 8 mm size shall be used.

earthing shall be done with 75 X 17. Grounding electrodes 2.75 mtrs 
8mm f lat . The independent  7. All Junctions (crossing of the steel flats length 100 mm dia 9 mm thickness CI 
connections of MS strips with earth while forming the earth mat and up risers Pipes shall be provided at all the 
mat shall be given on either side of from the earth mat for giving earth peripheral corners of the earthing 
the Transformer. All contact surface connect ions to equipment 's, steel mat and also at distance of 10 mtrs 
must be filled or ground flat to structural conduits, cable sheaths shall be along the length &  width of switch 
ensure good electrical connections, properly welded. gear in the entire switch yard.
and the contact surface shall be 

protected with a contact lubricant. 8. Proper earthing lugs shall be used for 18. The grounding electrodes shall be 
Following this all connections shall connect ing the earth terminals of derived into the ground and their 
be painted with heavy coats of equipment's to the earthing steel flat. tops shall be welded to a clamp and 
bituminous black paint so as to t he clamp together with t he 
exclude moisture.grounding shall be welded to the 9. Provisions shall be made for thermal 

ground conductor.expansion of the steel flats by giving 
Earth Grid – Work Detailssuitable bends. 19. The switchyard surface area shall 
 Neutral connection earth pipe be covered with a layer of crushed 

shall never be used for the rock of size 25 x 40 mm to a depth of 10. The earth mat shall be formed by 
equipment earthing.100mmplacing 75 x8mm MS flat at a distance 5 
 A separate earth electrode shall be meters along the length &  breadth of the 

provided adjacent to the structures substation duly welding at crossings. 20. Transf o rmers, l i g h t en ing  
supporting Lightning Arrestors. arrestors and single phase potential 
Earth connection shall be as short transformer shall be provided with 11. All the equipments, steel structures, 
and as straight as practicable. For earth pits near them for earthing and conduits, cable sheaths shall be solidly 
a r r e s t o r s  m o u n t e d  n e a r  these earth pits in turn shall be grounded by connecting to the earthing 
transformers, earth conductors connected to the earth mat.mat at least two places for each.
shall be connected directly to the 

tank.21. Power Transformers neutral shall 12. The ground mat of the switchyard shall 
 An Earthing pad shall be provided be provided with double earthing. be properly connected to the earth mat of 

under each operating handle of the Neutral earthing and body earthing the control room at least at two points.
isolator and operating mechanism of power transformers shall be 
of the circuit breakers. Operating connect ed  t o  separat e eart h 13. Welding shall be given a coat of black 
hand le o f  t he iso lat or  and electrode.

Ÿ

Ÿ

Ÿ

Power Stations 0.5 Ohms

Substations above 110kV

Substations below 110kV

Transmission Line Supports

1.0 Ohms

2.0 Ohms

10.0 Ohms
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PANDEMIC  EFFECT ON 
THE NIGERIAN POWER SECTOR

OUTBREAK

he pandemic outbreak, known as Coronavirus 

(COVID-19) started in December 2019 in Wuhan, TChina and has since spread around the world. This 

pandemic outbreak got to Nigeria with an index case in 

Lagos on 27th February 2020.  The pandemic has impacted 

the entire energy value chain from drop in price of oil and 

gas, shift in electricity demand requirement, to force 

majeure for ongoing projects.

In the bid for the Nigerian government to contain the spread 

of the virus, the government, like others in affected 

countries, issued a stay at home order for an initial duration 

of two weeks in Abuja, Lagos and Ogun States, except for 

essential service providers around the country. Many of the 

working population worked from home, and still do, even 

with the gradual easing down of the lockdown. For the 

electricity sector, the electricity demand curve for customer 

classes such as residential, commercial, and industrial as well 

as the streetlights have expectedly taken a new shape. 

Government's order for movement restriction limited 

commercial and industrial activities to the minimum 

consequently reducing their consumption while residential 

and streetlights increased, changing the consumption 

pattern of energy curve. Although residential electricity 

customers are more in number than other classes of energy 

consumers, their total electricity consumption will generate 

less revenue due to the low energy per capita per person 

and usage of energy efficient household appliances. 

Even though residential customers have the largest 

population, they also have one of the lowest tariffs in the 

MYTO allocation of N24.3/KWh as compared to that of 

commercial and industrial consumption. Records from the 

daily load demand broadcast shows that on April 6, 2020, 

the peak demand was 4731MW and 

in February 11, 2020, 4800MW. This indicates that though 

there is a shift in consumption pattern tilting significantly to 

residential customers with the same total load off take, the 

revenue results would be different. This is because the class of 

customers consuming electricity are of the lowest in MYTO 

tariff allocation; there will therefore be a reduction in the 

revenue collections for the same quantum of energy at this 

time. 

TCN has been constructing and investing in transmission 

infrastructure on massive scale to bridge every gap on the 

interface points between transmission and distribution 

systems.  The execution of power projects in TCN is guided by 

Project Implementation Units (PIUs). The implementation 

process is in four phases: Feasibility, Bidding, Construction 

and Commissioning Phases. Most of TCN's ongoing projects 

are more of green field projects. For these projects, the 

bidding and construction phase will mostly be affected by the 

outbreak of COVID-19. The stay at home order will restrict 

movement of contractors and other activit ies. The 

construction phase/ feasibility phase will also be affected as 

t h i s i s  t i e d  t o  t h e  m o v e m e n t  o f  f o r e i g n  

contractors/expatriates into Nigeria, and these will extend 

timelines of the projects. 

With the global nature of the pandemic, some of the projects 

may initiate the force majeure clause due to affected 

timelines on the project life cycle, necessitating new timelines 

which will be dictated by the recovery of the world from 

COVID-19. Presently, the Federal and state governments are 

intervening in various ways through palliatives; the 

intervention must be extended to the power sector especially 

in the payment for gas to ensure quality and consistent 

supply to the citizenry during this pandemic. Who knows, this 

may have to include payment for electricity if the recent 

clamour is anything to go by.
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