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ABSTRACT 

Review of operating models for the design of turnaround maintenance of turbo-generators is 

reported. The operating status and militating constraints to effective and efficient power 

generation were  identified. Information on series of operating models and new turnaround 

maintenance strategy  were obtained. The reviewed operating models when synchronized to 

drive the new turnaround maintenance strategy for the turbo-generators is likely to drastically 

improve the performance efficiency of the turbo-generators, hence the National grid. 

KEY WORDS: Operating Models, Turnaround Maintenance, Turbo-Generators, 

Design. 

INTRODUCTION 

The  Nigerian power sector with an installed capacity of 13,308 MW had only 6 158 MW 

operational in 2014. Of this 6158MW, only  3000 MW to 4 500 MW were actually being 

generated due to unavailability of gas, breakdowns, water shortage and grid constraints. The 

poor performance of the power plants has led to acute shortage of power across the country. 

Altogether, up to 2 700 MW of power generation capabilities are regularly lost due to gas 

constraints in a country with one of the largest natural gas deposit in the world.[1] 

IJRDO - Journal of Electrical and Electronics Engineering                      ISSN: 2456-6055

Volume-5 | Issue-5 | May,2019 1



 Up to 500 MW are lost due to water management, while several hundred megawatts are 

regularly lost due to line constraints. Industry, commerce and private households are 

suffering from a severe shortfall in electricity generation. With the intention of incentivising 

private-sector investment in the power sector, the government has privatised the generation 

and distribution sections in two waves. The proceeds are sensibly being dedicated to 

infrastructure expansion and, in the case of the second wave, a large part of the revenue has 

been earmarked for expansion of the country’s array of hydropower plants.[1]  However, the 

process of privatisation is still ongoing. At present it is impossible to say with any certainty 

whether the independent power producers who now form the backbone of the Nigerian power 

sector will be commercially viable. As part of the process, however, the government has 

started to encourage investments in both renewable energy and energy efficiency. [1].  

According to [2] One hundred million Nigerians, representing 60% of the country’s 

population, have no access to grid electricity. Those who do have grid access experience 

extremely unreliable supply. Efforts are underway to accelerate the transition to an adequate 

electricity generation capacity that can meet the current and future demand of Nigerian 

citizens and their businesses. However, there is as yet no clear vision of what Nigeria’s future 

electricity generation mix can and should be, nor is there a concept of how to align such a 

vision with the country’s sustainable development, industrialisation and climate protection 

goals. According to [3] There are currently two main types of power plants operating 

in Nigeria: (1) hydroelectric and (2) thermal or fossil fuel power plants. With a total installed 

capacity of 8457.6MW (81 percent of total) in early 2014, thermal power plants (gas-fired 

plants) dominates the Nigerian power supply mix]. Electricity production from hydroelectric 

sources (% of total) in Nigeria was reported at 17.59 % in 2014, according to the World Bank 

collection of development indicators, compiled from officially recognized sources. There 
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have been two main types of fossil fuel/thermal power plants in the country: (i) coal-fired and 

(ii) natural gas-fired. The power plants are classified, based on ownership, as either: 

1. Fully owned by the Federal Government of Nigeria (FGN). There is a plan to 

privatize these power plants. 

2. Owned by the Niger Delta Power Holding Company (NDPHC). The NDPHC is 

owned by the three tiers of government in Nigeria (Federal, State and Local). These 

power plants are referred to as being part of the National Integrated Power Project 

(NIPP). 

3. Wholly owned by state governments and/or private companies/individuals. Such a 

power plant is referred to as being an Independent Power Producer (IPP). Also, [4] 

reported that 

 Many turnarounds lack focus, planning and leadership 

 More than 90% failed to meet turnaround goals 

 Eight out of 10 grew beyond the original cost and scope 

 Three out of every four turnarounds abandoned the original plan/schedule in the first 

week 

In a similar vein, [5] posits that Turnaround maintenance (TAM) is an essential activity in 

process industry. It plays an important role in maintaining consistent productive capacity. It is 

a major project that requires sound planning, execution and control. According to [6], 

Shutdowns for maintenance occur for three main reasons, namely: 

 Efficiency recovery. Heat exchangers, air-coolers, and other equipment progressively 

lose efficiency and must be cleaned to recover their functionality. 
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 Reliability. Corrosion due to chemical elements such as sulphur or mechanical-creep 

cracking can disrupt unit equipment operations. 

 Regulatory. All inspections required by law, 

and that Reducing the complexity of maintenance turnarounds was key to improving the 

turnaround strategy because it is the main method for coping with recent trends in the 

engineering, procurement, and construction (EPC) industry of higher costs and less available 

manpower. Lowering the complexity of turnarounds also helps in larger refineries that have 

many sophisticated conversion units. Furthermore, [6], posits that the new turnaround 

strategy consists of four major factors: 

 De-clustering process units. 

 Using distributed maintenance for process-related shutdowns. 

 Increasing the intervals between turnarounds. 

 Optimizing the critical maintenance path. 

And [6] further postulates that this reduced the number of external contractors involved in a 

given turnaround, while increasing their efficiency thereby allowing us to: 

 Overcome the limited availability of skilled workers. 

 Limit interference among maintenance workers by limiting concurrent work on 

adjacent units. This also decreased idle time due to lack of physical space, safety 

requirements, and the use of such shared resources as cranes. 

 Increase the internal maintenance team’s supervision level of maintenance operations, 

allowing better  

 control especially for unexpected work such as unplanned work discovered during the 

turnaround. 
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Consequent on the foregoing,  Increased turnaround efficiency allowed us to reduce 

maintenance direct costs and to lessen unit downtime (recovery of lost production margin). 

The new strategy was implemented as a pilot project in the Sannazzaro refinery, which is 

Eni’s top performing refinery in terms of maintenance costs. It is in the top end of the first 

quartile in Solomon benchmarking. In a similar vein, [7] asserts that Plant turnaround 

maintenance is a fundamental asset management in capital intensive process based industries. 

The successful implementation of turnaround maintenance among others depends on the 

appropriate provision of institution and organization for the governance of the event. Also [8] 

postulates that if project management practice and involvement of external experts and 

parties are allowed in the maintenance projects, then issues in maintenance projects can be 

addressed more clearly and the cost and schedule for such a maintenance project can also be 

optimized. The use of information technology in the whole process can be facilitated not only 

during the planning phase, but also during the execution and review process. 

As a consequence of the identified inadequacies highlighted above, it might be imperative to 

formulate/ adopt an operating model for the effective management of the Turnaround 

maintenance of the turbo generators of the national grid. Operating Model is defined by [9] as 

the operational design that makes it possible to deliver the business strategy. 

Operational design follows strategy, but the relationship also works the other way around, 

which means that ideas for operating model improvements can lead to changes in business 

strategy. The operating model defines how the organization will deliver the capabilities and 

financial outcomes required by the strategy. 

The origin of the term Operating Model in a business context is not clear and is likely to have 

been coined in a commercial organisation and thus not publicly available. An early example 

of a similar term can be found in Linder and Cantrell in their work in the year2000  when 

they used the term ‘operating business model’ as the operational manifestation of the 
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business model, they provide examples of different operating business models and also 

provide an emphasis on how organisations change and keep up to date their business 

model.[10]  However, the first user of the term in an academic source is probably Jeanne 

Ross from Massachusett Institute of Technology (MIT)  who in 2005 stated “To make IT a 

proactive – rather than reactive – force in creating business value, companies should define 

an operating model”.[10]   In her paper Ross  goes on to define four alternative Operating 

Models based on the level of standardization and integration.  This derives four categories of 

model: diversification (low standardization, low integration); unification (high 

standardization, high integration); coordination (low standardization, high integration) and 

replication (high standardization, low integration).  By standardization and integration Ross 

can be taken to mean standardization/integration of the IT requirements of operations rather 

than standardization/integration of actual operations. [10] Also, proactive maintenance of 

main equipment on power plant demand the monitoring and technical diagnostics on power 

plants[11]. On the other hand, [12]  posits that through the use of the 'Simple System Life 

Cycle'  and the 'V-Diagram of the Simple Life Cycle,' effective and efficient project delivery 

could be assured. While the Simple System Life Cycle's emphasis is on review, change and 

feedback on each activity of the project,  the emphasis  of the V-Diagram of the Simple 

System Life Cycle is on verification and validation of each activity of the project. 

According to [13], Capital repair also referred to as Turnaround Maintenance (TAM) of 

thermal power plants  entails turbines and boilers as main equipment while the auxiliary 

equipment include:  i) Cooling tower  ii) Oil system  iii) Air system i v) Regenerating system  

v)System pipelines (dry steam)  vi) Steam air fittings  vii) Feeding pumps  viii) Condensate 

pumps  ix) Circulation pumps  x) Low pressure and high pressure heaters. 
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ORGANIZATION, FORMAL PREPARATION AND FULFILMENT OF CAPITAL 

REPAIRS. 

According to [13], the necessary steps entailed are: i) Compiling of the schedule of the repair 

and a list of the deeds and volume of works to be done. ii) Technical graph  (CPM, Gantt 

chart) of repairs. iii) Carrying out of preparatory works. iv) Heading of the repairs and 

instruction of the personnel before repairs. v) Checking and control test of the turbine before 

its stoppage for repairs. vi) Preparation of the shutdown turbine for repair. vii) Dismantling, 

repair and assembly of the turbine unit. xiii) commissioning of the unit after repair. x) 

Documentation on the repair. 

SUMMARY OF REVIEW 

1. The Nigerian power sector  has installed capacity of 13,308 MW but recently generating 

only 3000 - 4500 MW. Militating factors against power generation have been identified as  : 

unavailability of gas, breakdowns, water shortage and grid constraints. 

2. One million Nigerians have no access to grid electricity. 

3. The main  types of plants operating in Nigeria are Hydro electric  and Thermal  power 

plants.  

4. Power Plants are classified based on ownership thus: i) fully owned by the Federal 

Government.  ii) Owned by the Niger Delta Power Holding Company (NDPHC), a tripartite 

holding consisting Federal, State and Local Government. This is also referred to as being part 

of the National Integrated Power Projects (NIPP). iii) Wholly owned by State Governments 

and /or private companies/individuals. Also referred to as Independent Power Producers  

(IPP). 
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5. Turnaround Maintenance (TAM) is an essential  activity in process industry that maintain 

consistent productive capacity. 

6. Shut down for maintenance occur for the purpose of Efficiency Recovery, Reliability and 

Regulatory. 

7. The new turnaround strategy consists of four major factors, namely: i) De- clustering 

process units, ii) Using distributed maintenance for process  shut downs, iii) Increasing the 

intervals between turnarounds, iv) Optimizing the critical maintenance  path. 

8.  Operational design drives strategy and it is possible that strategy drives operational design. 

9. The operating model defines how the organization will deliver the capabilities and 

financial outcomes required by the  strategy. 

10. Use of the simple System  Life Cycle and the V- Diagram of the simple System Life 

Cycle can lead to effective and efficient project delivery. 

11. Operating Models reviewed are : i) OEE Consulting  ii) Boeing in Dupont iii) Campbell 

et al (POLISM)  iv) Bain in Cooper et al  v) SOMS  vi) EY   and vii) Simple System  Life 

Cycle in Stevens et al (1998). 

DISCUSSIONS 

From  point 1 above,  the current power generation output of 3000 - 4500MW is a mismatch 

with the installed capacity of 13,308MW as enumerated by capital power assets in Table 1. 

The factors listed as militating against power generation can be addressed  proactively 

through the process of thinking out-of-the-box. The problem of breakdown and grid 

constraint can be eliminated through Risk Based Inspection (RBI) and Reliability Centred 

Maintenance (RCM). 
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From point 2 above, that one hundred million Nigerians have no access to grid electricity is 

a direct fallout from point 1 above. IT is impossible to share/distribute a value that does not 

exist. When plans fail to support power generation, plans are rife for failure  in distribution.  

From point 3 above, the choice of hydroelectric generation is in good faith and in line with 

judicious use of the country's endowment factors of rivers and waterfalls/rapids. Also the 

choice of thermal power plants is line with the judicious use of the nation's abundant reserve 

of crude oil and natural gas. 

From point 4 above ,the ownership of the power plants range from Federal Government, 

State Government , Local Government and Private companies/individuals. That the problem 

of inefficiency  in power generation persists, it implies that the owners/managers of these 

power plants need to be more proactive in operations of these plants in order to step up the 

much needed power generation/distribution efficiency. 

From points 5 and 6 above, an effective and efficient turnaround maintenance will lead to 

consistent productive capacity and will also allow  efficiency recovery, reliability and meet 

regulatory requirements.. 

From point 7 above, the new turnaround strategy could be an invaluable tool of change for 

the Nigerian power plants operations if effectively and efficiently adopted. 

From points 8, 9, 10 and 11 above, operational design drives strategy and it is possible that 

strategy drives operational design. Hence the operating models reviewed, namely: OEE 

Consulting, Boeing in DUpont, Cmpbell et al (Polism), Bain in Cooper et al, SOMS, EY and 

Simple System Life Cycle  when synchronized to drive the new turnaround maintenance 

strategy, may likely lead to improved efficiency  in power generation. 
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CONCLUSION 

Nigeria's current power generation is about 33% of its installed capacity. Factors militating 

against effective and efficient  power generation have been enumerated as unavailability of 

gas, breakdowns, water shortage and grid constraints.  Operating Models such as OEE 

Consulting, Boeing in Dupont, Campbell et al(Polism), Bain in Cooper et al, SOMS, EY and 

Simple System Life Cycle , if synchronized to drive the new turnaround maintenance strategy 

for the turbo generators of the Nigerian power plant, may lead to improved efficiency. 
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TABLES AND FIGURES 

TABLE 1:         Fossil fuel power stations (SOURCE: [3]) 

Natural gas 

Power 

station 

Com

munit

y 

Coordin

ates 
Type Capacity 

Stat

us 

Year 

comple

ted 

Gas 

supply 

source 

AES 

Barge 

(IPP)   

Egbin 

6°33′33″N

3°36′54″E  

Simple 

cycle 

gas 

turbine  

270 MW 

Non-

operat

ional  

2001 

Escravos–

Lagos 

Pipeline 

System 

Aba 

Power 

Station 

(IPP)[3]  

Aba 

Abia 

State 

5°09′11″N

7°18′38″E  

Simple 

cycle 

gas 

turbine  

140 MW 
 

2012 
 

Afam IV-

V Power 

Station 

(FGN)  

Afam 

Rivers 

State 

4°51′05″N

7°15′17″E  

Simple 

cycle 

gas 

turbine  

726 MW (Afam 

IV -6 x 75 MW 

(GT 13-18), 

Afam V -2 x 

138 MW (GT 

19-20))  

Non-

operat

ional  

1982 

(Afam 

IV)- 2002 

(Afam V) 

Okoloma 

gas plant  
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Power 

station 

Com

munit

y 

Coordin

ates 
Type Capacity 

Stat

us 

Year 

comple

ted 

Gas 

supply 

source 

Afam VI 

Power 

Station 

(IPP)  

Afam 

Rivers 

State 

4°50′58″N

7°15′24″E  

Combi

ned 

cycle 

gas 

turbine  

624 MW  

Partial

ly 

operat

ional  

2009 

(Gas 

turbines) 

2010 

(Steam 

turbines) 

Okoloma 

gas plant  

Alaoji 

Power 

Station (

NIPP) 

Abia 

state 

5°04′00″N

7°19′24″E  

Combi

ned 

cycle 

gas 

turbine  

1074 MW  

Partial

ly 

operat

ional  

2012-

2015  

Norten 

Option 

Gas 

Pipeline  f

rom Obig

bo gas 

plant 

Calabar 

Power 

Station(N

IPP)  

Calab

ar  

5°11′21″N

8°16′25″E  

Simple 

cycle 

gas 

turbine  

561 MW  

Non-

operat

ional  

2014  

UQUO 

gas 

plant(plan

ned) 

Egbema 

Power 

Station(N

IPP)  

Imo 

State 

5°33′56″N

6°44′18″E  

Simple 

cycle 

gas 

turbine  

338 MW  

Non-

operat

ional  

2012-

2013 

Gbarain 

Ubie gas 

plant(plan

ned) 

Egbin 

Thermal 

Power 

Station(F

GN but 

Privatize

d) 

Egbin 

6°33′47″N

3°36′55″E  

Gas-

fired 

steam 

turbine 

1320 MW (six 

220-MW 

units)Egbin - 

Thermal Power 

Station in Egbin, 

Nigeria 

Partial

ly 

operat

ional 

(1000 
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The Oji River Thermal Power Plant was a coal-fired power plant. It is no longer operational. 

(SOURCE: [3] ) 
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TABLE 2:        SUMMARY OF ELEMENTS OF OPERATING MODELS ( SOURCE: 

[10] ) 

 

SOURCE: [10] 
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FIG. 1:  DOSO DESIGN APPROACH - CONFLICT MATRIX.                SOURCE: 

[10] 

 FIG.2.     FUNCTIONS OF TECHNICAL DIAGNOSIS AND MONITORING 

RELATED TO CONDITION OF CERTAIN PARTS OF THERMAL POWER PLANT 

OR OF THE POWER PLANT AS A WHOLE.       ( SOURCE: [11] ) 
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FIG.3   THE SIMPLE SYSTEM LIFE CYCLE               SOURCE: [12] 

 

 

 

FIG.4  THE V- FORM OF THE SYSTEM LIFE CYCLE.   SOURCE: [12]. 
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