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Power Plant (Exterior) 
Heavy oil diesel power plant constructed in September 
2016 with Grant Aid by the Government of Japan. The 
power generation capacity is 5MW x 2 units, but it is 
normally operated with the output of 4MW. Mainly 
operated with heavy oil, which is cheaper than diesel oil. 
(March 2023)  

Power Plant (Interior) 
There is an auxiliary machinery and electrical room on the 
ground floor, and a diesel generator and control room on 
the second floor. The inside of the power plant was cleaned 
at the time of 8,000 hours OH. (March 2023) 

 

 

Diesel Generator Unit 1 
As of the end of February 2023, the operating hours are 
9,112 hours. Any particular problems are seen at this 
moment. The operator turns the crankshaft once a week 
with the lubricating oil pump in operation, and that 
maintenance is being carried out so that the lubricating oil 
circulates inside the engine even in the standby state. 
(March 2023) 

Diesel Generator Unit 2 
As of the end of February 2023, the operating hours are 
7,666 hours. In the 8,000 hours OH maintenance, 
countermeasures against the cooling water contamination 
trouble were carried out. In March 2023, the JICA experts 
checked the inside the engine (B4 cylinder) which was the 
most damaged and the lubricating oil system and confirmed 
that no further trouble was observed. (March 2023) 

 

 

Overhaul Inspection of Turbocharger 
Turbocharger is a machine that feeds the compressed air 
necessary for combustion into the engine. The 
manufacturer’s SV conducted training for engineers. 
(November 2022) 

Generator Panel 
The panel is responsible for the engine start-up and alarms  
for major and minor failures. A panel mainly used by  
operator. The manufacturer’s SV conducted training for  
engineers. (November 2022) 
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Electrical Room 
Circuit breakers, Disconnecting switch, MCC, etc. are 
installed, and air conditioning is always controlled by air 
conditioners. Spare parts are also stored in this room. In this 
phase, guidance on inspection methods has been provided, 
and circuit breaker maintenance training is planned for 
12,000 hours of OH. (March 2023) 

MCC 
MCC is the power switch for each device such as the pump, 
and if it deviates from the threshold range set by the MCC, 
an alarm will sound in the control room. (March 2023) 

  

Disconnecting Switch for Neutral Earthing Resistor 
Operate before maintenance to release electrical equipment 
from high voltage. LECs are unfamiliar with operation 
procedures, so continued training is required. (March 2023) 

6.6kV Circuit Breaker 
A circuit breaker between a generator and a trainsformer, 
installed to protect the generator. To prevent accidents, it 
must be opened and pulled out before the maintenance. 
LECs are unfamiliar with operation procedures, so 
continued training is required. (March 2023) 

  

22kV Circuit Breaker 
A circuit breaker between a transformer and a 22kV bus. It 
is responsible for protecting power generator. In this phase, 
training on inspection methods has been provided, and the 
overhaul maintenance is planned in 12,000 hours 
maintenance. (March 2023) 

Pump Motor 
A pump is arranged in each system, and the fluid is 
circulated in the piping. In order to prevent troubles such as 
abnormal noise, fluid leakage, aged deterioration of 
insulation resistance, and to detect them at an early stage, 
the training of daily/periodically inspection will be 
continued. (March 2023)  
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Auxiliary Equipment (Fuel System) 
Due to the use of low-quality oil, the filter cleaning is 
frequently required, and JICA experts recommended LEC 
to include the items into the regular inspection items. The 
fuel properties check before installing the engine is 
recommended. (March 2023) 

Auxiliary Equipment (Lubricating Oil System) 
JICA experts recommended LEC to include the filter 
cleaning and exchange if necessary into the regular 
inspection items. The oil properties check before 
installation is recommended. (March 2023) 

  

Auxiliary Equipment (Cooling Water System) 
Since the clogged radiator fins reduce the fuel efficiency, 
JICA experts recommended LEC include the cleaning into 
the regular inspection items. The water properties check is 
recommended. (October 2022) 

Purifier for Heavy Fuel Oil 
There are two heavy fuel oil purifiers installed. Due to the 
low quality fuel and the rainwater mixed into the fuel, LEC 
encounters many challenges in operation. The training by 
the manufacturer’s SV is conducted in 8,000 hours OH 
maintenance and planned in 12,000 hours OH maintenance 
as well. (March 2023) 

  

Purifier for Lubricating Oil 
There are three lubricating oil purifiers installed. In the 
8,000 hours OH maintenance, since some parts of purifier 
No.3 were transplanted to other purifiers, the maintenance 
couldn’t be completed. In the 12,000 hours OH 
maintenance, it is planned to be completed. (March 2023) 

Spare Parts Storage Status 
The spare parts of engine, electrical equipment, HFO 
purifier and LO purifier are stored separately. The inventory 
list and cards were prepared in 8,000 hours OH 
maintenance but the inventory system has just started so 
will be followed up in the implementation phase. (March 
2023) 



Photo of Activities (4/4) 

  

Store Status of tools 
Large tools are stored in the power station, and testing 
equipment is stored in the maintenance manager’s room. 
The inventory list has been maintained in the 8,000 hours 
OH maintenance, but the shelves has not been installed. 
(march 2023) 

Classroom Training 
The classroom training was conducted with 25 participants. 
The lecture content is based on the premise that it will be 
returned to practice. In the implementation phase, it is also 
assumed that the creation of manuals actually used by LEC 
will be implemented in a workshop format (March 2023). 

  

Practical Training 
The classroom lectures was conducted in the morning and 
practical training on site was conducted in the afternoon in 
a way that the participants could immediately put into 
practice what they had learned. (March 2023) 

Training on Electrical Equipment 
As a basis for accident prevention, the training is given 
starting with cleaning methods. During the implementation 
phase, more advanced training such as role and protection 
of devices is planned. (March 2023) 

  

Defects Confirmed during 8,000 hours OH Maintenance 
Although regular overhaul is recommended every 4,000 
hour, due to the impact of COVID-19, after a significant 
overdue, 8,000 hours overhaul was conducted as the first 
maintenance and many damages were confirmed. Various 
trainings is planned during the implementation phase to 
thoroughly prevent recurrence, and the trouble shooting 
system is desired to be built. (March 2023) 

Handwritten record 
LEC records are basically handwritten, which makes it 
difficult to analyze time-course changes and share 
information smoothly. The need for digitalization is raised 
by LEC so the support is planned in the implementation 
phase. (March 2023) 
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Chapter 1  Overview of Planning Survey 

1-1 Background and purpose of the survey 

The Republic of Liberia (hereinafter referred to as “Liberia”) has continued to grow since its 
reconstruction after the civil war in 2003, recording an average GDP growth rate of 7.6%1 in 2004-13. 
However, the Ebola epidemic in 2014-15 and the decline in international resource prices weakened the 
social and economic foundations, and as a result, the average GDP growth rate in 2014-19 fell to 0.5%2 , 
and civic life and economic activities declined. COVID-19 further worsened the economic situation, 
and the GDP growth rate fell to -2.9% in 2020. 

Electrical facilities are one of important social infrastructure for economic growth. Ever since the 
Electricity Law was revised in 2015, the the environment for power supply has been improved such as 
the establishment of a new power organization, renovation of Mt. Coffee Hydro power plant, and the 
construction of international transmission line named Cote d’Ivoire, Liberia, Sierra Leone and Guinea 
(CLSG) for the West Africa Power Pool (WAAP) regional energy network. However, as of 2018, the 
electrification rate is still at a low level of 12%3  , and as of 2020, the electricity rate is high at 
0.35$/kWh4 . Under this situation, electricity theft and non-payment of electricity bills are rampant, 
which causes the deterioration of electricity business and unpaid salary and the demonstrations. 
Additionaly, since the power supply capacity is less than the potencial power demands, and the existing 
power plant cannot be used due to the malfunctions, the load sheding has been implemented almost 
everyday. One of the reason for this situation is the shortage of the staffs who can operate and maintain 
the power plant in a coordinated way that makes it difficult to utilize the power plant as much as 
efficiently. 

Donor countries and agency, including Government of Japan, have continued to provide support for 
the development of electrical facilities and technical cooperation for many years. Government of Japan 
implemented the Grant Aid named " The Project for Rehabilitation of Monrovia Power System" (G/A 
in 2012, grant amount of 2.037 billion yen5), and supplied diesel power plant (5 MW x 2 units). The 
Liberia Electricity Corporation (LEC), which is responsible for the maintenance and management of 
power plant, does not have much experience in operation and maintenance and the daily maintenance 
system was insufficient. In addition, the chronic deficits has been continued and funds for equipment 
renewal and maintenance are inadequate. Therefore, from January 2018 to July 2022, the management 
service contract by ESB international was implemented to improve the management system. 

In order to improve this situation, the Government of Liberia has requested the Government of Japan 
for the technical cooperation project to improve the capacity of planning and implementation of 

                                                      
1 World Bank national accounts data, and OECD National Accounts data files, World Bank 
2 World Bank national accounts data, and OECD National Accounts data files, World Bank (2014-2018) 
  African Economic Outlook, 2020, African Development Bank (2019) 
3 Power Africa Liberia Fact Sheet, 2018, USAID 
4 Liberia Electricity Corporation 
5 Ministry of Foreign Affairs of Japan 
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appropriate operation and maintenance of diesel power generator. In this project, a detailed plan for 
pilot activities (8,000 hours overhaul, heavy oil operation) and full-scale activities (maintenance for 
12,000 hours and 16,000 hours) will be formulated for the above-mentioned Bushrod Power Station 
diesel power generation equipment, and then pilot activities will be carried out. The regulatory agency 
is the Ministry of Mines and Energy (MME). 

In the detailed planning survey, comprehensive information collection on the power sector, 
confirmation of the maintenance status of the Bushrod power plant facilities, confirmation of future 
operation prospects, confirmation of the ability level and training needs of engineers, midium- to long-
term maintenance plan (draft)). 

Pilot activities included remote technical support related to engine maintenance, classroom training, 
and practical training through 8,000 hours of maintenance. 

1-2 Implementation Policy of the Project 

The project purpose and output are shown in Table 1-1. 

Table 1-1 Project Goals 

Overall Goal 
Engineers and technical staff (electricians, operators, mechanics), who are 
engaged in O&M of HFO power plants in LEC, acquire the knowledge and 
experiences to undertake proper O&M works. 

Project Purpose 
Engineers and technical staff (electricians, operators, mechanics), who are 
engaged in the Project at Bushrod Island Power Plant, acquire the knowledge 
and experiences to undertake proper O&M works. 

Output 1 Engineers and Technical staff improve skills for regular O&M works of diesel 
generator. 

Output 2 Engineers and technical staff acquire know-how and practical skills of trouble 
shooting of diesel generator. 

Output 3 Engineers and technical staff acquire knowledge and skills for preventive 
maintenance and methodologies for sustainable power supply. 

Source: Prepared by JICA experts in consultation with JICA and LEC. 

In the original plan, JICA Experts planned to travel to the site immediately after signing the contract, 
check the condition of the power generation equipment, and formulate a detailed plan. Since the 
COVID-19 spread rapidly and and it was expected that JICA Experts seemed not to be able to travel to 
the site for a long period of time, the project work and schedule were reviewed and adopted the 
following implementation plan. 

A) Remote information gathering from Japan 

B) Remote technical support while travel is not possible due to the COVID-19 

C) Preparations for starting pilot activities after travel banned period (Checking tools and parts on 
site) 

D) Procurement of equipment that requires additional procurement due to increased operating hours 
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E) Implementation of classroom training before the start of overhaul 

F) Overhaul implementation 

G) Formulation of detailed plans based on the pilot activities (classroom training, overhaul 
implementation) 

H) Classroom training and practical training, JCC implementation 

1-3 Project Implementation Structure 

This project has beem implemented with the system described in Figure 1-1. The structure of the JCC 
is described in the R/D. 

 

        Source: Record of Discussion of this project 

Figure 1-1  Implementation System 

1-4 Composition of JICA Experts 

The composition of JICA Experts is shown in the Table 1-2. 

Table 1-2 Composition of JICA Experts 
No. Name In charge Affiliation 

JICA Experts 
1． Kyoji FUJII Chief Advisor / Technical Planning and 

Management 
Yachiyo Engineering Co., Ltd. 

2． Noboru MATSUMURA Mechanical Engineer Yachiyo Engineering Co., Ltd. 
3． Yasuharu TAKAHASHI Mechanical Engineer 2 Yachiyo Engineering Co., Ltd. 
4． Hiromi NAKANO Mechanical Engineer 3 Yachiyo Engineering Co., Ltd. 

(West Japan Engineering Consultants, Inc.) 
5． Toshio OYAGI Electrical Engineer Yachiyo Engineering Co., Ltd. 
6． Tatsuhiro URABE Assistant Technical Planning Engineer Yachiyo Engineering Co., Ltd. 
7． Mikiko IWAGO Assistant Mechanical Engineer Yachiyo Engineering Co., Ltd. 
8． Kenji SAKEMURA Assistant Mechanical Engineer 2 Yachiyo Engineering Co., Ltd. 

(West Japan Engineering Consultants, Inc.) 
9． Atsushi KUBOTA Assistant Mechanical Engineer 3 Yachiyo Engineering Co., Ltd. 

(West Japan Engineering Consultants, Inc.) 

Project Director / JCC Chair 
（LEC Director General） 

Management Group 
(MG) 

Technical Management Team (TMT) 
（LEC staff） 

JICA Chief Advisor 

JICA Experts 
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1-5 Outline of Activity Schedule 

In this project, due to travel restrictions due to the impact of the new coronavirus, it was assumed that 
the start of field work would be significantly delayed from the initial schedule. In order to conduct a 
smooth survey even under such circumstances, a kick-off meeting was held online on June 30, 2020 
with the JICA Headquarters, Ghana Office, Liberia Field Office, LEC, and JICA experts, and 
discussions began. 

After the kick-off meeting, JICA Experts and LEC held online meetings and email-based surveys and 
discussions, and after the travel restrictions were lifted, JICA Experts conducted the first field survey 
in May 2021, but due to the impact of the COVID-19, JICA Experts were forced to suspend it again. 
In addition, during the first field survey, it was confirmed that there was a shortage of tools necessary 
for overhaul, and additional procurement was required. In June 2022, classroom training and overhaul 
preparations were carried out during the second trip, and during the third trip from August to November 
2022, an overhaul was carried out. Efforts were made to ascertain levels and training needs. In addition, 
during the 4th trip, classroom training was conducted mainly on routine maintenance, and a JCC 
meeting was held to confirm the degree of achievement of the project with the Liberian side. Details 
of the dispatch of experts are shown in Attachment 6. 
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1-6 List of Main Counterpart 

1) Ministry of Mines and Energy (MME) 
Mr. Wilmot Thompson  Deputy Minister 
Mr. Prince Cephus Wilson  Assistant Director for Off-Grid/Renewable Energy  

 
2) Liberia Electricity Company (LEC) 
Mr. Monie Captan Chairman of the Board/Acting CEO 
Mr. Adam S. Sheriff Chief Financial Officer 
Mr. Kwame Kpekpena Chief Operating Officer 
Mr. Pastor George K Zeokpo EPD Analyst, Thermal plant 
Mr. Perry D. Brown Training & Development Sr. Manager 
Mr. Doveflee E. Kollie Sr. Manager, Thermal Plant 
Mr. Thomas F. V. Wonder, I Administrative Assistant / Generation 
Mr. David Johnson Fuel Attendant 
Mr. Amadu L. Kaidii Maintenance 
Mr. Alphonso D. Dorleyan Maintenance 
Mr. William S. Lawubah Electrical Operator 
Mr. Saidu S. K. Jalibah Foreman 
Mr. Peter N. Waie Maintenance 
Mr. Henry L. J. Collins Maintenance Manager 
Mr. Jordan V. Jannell Maintenance Engineer 
Mr. William K Tarnue Operator SV 
Mr. Matthew W. Nagbe Operator 
Mr. Genesis Howard Maintenance 
Mr. John Nana Operator 
Mr. Alfred G. Shannon Operator SV 
Mr. John Kandakai Maintenance 
Mr. Desmond S. Kinyea Operator 
Mr. Henry Bandah Operator 
Mr. John Kollie Operator 
Mr. John S. Martu Safety Officer 
Mr. Aaron Juluto Compliance 
Mr. Freeman T. Dornor Operator 
Mr. Joseph K. Nguafua Operator 
Mr. Richard P. Mulbah Maintenance / Fabricator 
Mr. Thomas F. Kerkula Maintenance 
Mr. Victor G. Playeah Operator 
Mr. Dequency P. Zankpah Electrical Engineer 
Mr. Nathan G. Craig Electrician 
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Chapter 2  Activities 

2-1 Detailed Planning Survey Report 

As a detailed planning survey, JICA Experts investigated the maintenance status of the Bushrod power 
station, the current state of the power sector and future development plans, and formulated an activity 
plan for the entire project period. 

2-1-1 Current state of the power sector in Liberia 

The power generation capacity connected to the Monrovia metropolitan area power system is 126 MW 
(thermal power 38 MW, hydro power 88 MW). According to the LEC, power demand in Greater 
Monrovia will be approximately 50 MW as of June 2022, and is expected to increase to approximately 
75 MW by the end of 2022 with the completion of transmission and transformation projects by other 
donors. In addition, according to LEC's estimation, demand is expected to reach around 300 MW in 
2025, including potential demand from consumers who currently use private generators. 

On the other hand, hydroelectric power output drops to around 10 MW in the dry season, and thermal 
power plants have been out of service for a long time due to troubles and overhauls. There is a shortage 
and it affects people's lives. The current situation of the electric power sector in Liberia is detailed 
below. 

2-1-1-1 Structure of power sector 

The competent authority for electricity business is the Ministry of Minerals and Energy (MME). 
Electricity is provided by the Liberian Electricity Corporation (LEC). Another power-related 
organization is the Rural and Renewable Energy Authority (RREA), which promotes rural 
electrification. 

Supervising Ministry ：Ministry of Mines and Energy (MME) 
Power Utility Company ：Liberia Electricity Corporation (LEC) 
Related Organization ：Rural and Renewable Energy Agency 
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Figure 2-1  Organization Chart of Ministry of Mines and Energy (MME) 

2-1-1-2 Challenge in the electric power sector and their solutions 

(1) Power Supply 

Table2-1 shows the amount of power generation from 2016 to 2021. Since 2016, the amount of 
power generation has been increased year by year, and especially from 2021 onwards, the amount 
of power generated by JICA power plant has increased. The LEC evaluates JICA's power generation 
equipment as highly reliable compared to other diesel engines. In addition, Table 2-1 shows the 
amount of power generated for each month in 2021. During the dry season from December to May, 
the output of the Mt. Coffee hydroelectric power station drops, so the power supply continues to be 
tight every year. 

Table 2-1  Electricity generated by each power source from 2016 to 2021 
      MWh 
 2016 2017 2018 2019 2020 2021 

Mt. Coffee 2,831 121,678 181,716 184,582 218,701 223,742 
JICA 7,895 3,792 6,596 7,132 6,248 18,375 

Other thermal 76,310 7,972 12,739 22,483 16,468 30,579 
Total 87,036 133,442 211,051 214,197 241,417 272,696 

Source: LEC 

Table 2-2  Changes in annual power generation in 2021 
            MWh 
 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Mt. Coffee 16,744 8,670 13,269 9,653 14,993 21,358 21,633 22,807 22,441 23,533 24,607 24,034 
JICA 4,043 3,986 2,898 3,133 1,609 86 9 48 0 634 0 1,929 
GOL 3,607 5,545 5,742 6,903 3,816 169 116 118 0 937 0 2,490 
WB 0 0 0 710 420 7 0 0 0 0 0 0 

Others 0 0 0 0 0 0 0 0 0 0 0 0 
Total 24,394 18,201 21,909 20,399 20,837 21,620 21,758 22,974 22,441 25,103 24,607 28,454 

Source: LEC 
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Figure 2 2 shows the monthly changes in SAIFI (average number of outages index) and SAIDI 
(average outage duration index), which are indicators related to power outages. The power outage 
situation is improving, but it is still at a high level (TEPCO 2019 SAIDI: 19 minutes, SAIFI: 0.13 
times). The power supply shortage in the dry season is particularly serious. In the dry season in 
2022, the power demand will be about 50 MW, and the power supply capacity will be about 48 MW 
(JICA: 10 MW, GOL: 18 MW, World Bank: 10 MW, hydropower: 10 MW). Some power sources, 
including the JICA engine, were inoperable due to failures or maintenance, and rolling blackouts 
were implemented. Table 2 3 shows the overview of LEC's power plant. 

At the end of 2022, a PPA for the CLSG interconnector will be signed, and power imports into 
Liberia are scheduled to start. The contract is expected to guarantee the supply of 27 MW from 
Côte d'Ivoire to Liberia, but the tariff is high at about 14 cents/KWh (currently estimated), and 
domestic power sources will become increasingly important in order to meet the growing power 
demand that is expected to rise. In addition, according to the LEC, from the perspective of energy 
security, excessive reliance on electricity imports poses risks, so the importance of the JICA engine 
will continue to be high. 

In order to improve this situation, the development of hydropower and solar power is planned as 
described later in 2-3-2. 

 

Source: Liberia Energy Sector Interim Findings October 2020 

Figure 2-2 Monthly changes in SAIFI (average power outage frequency index) and SAIDI 
(average power outage duration index) 

Table 2-3  Overview of LEC's power plant 

Power Plant 
Rated 

Output 
Generation 

Capacity 
Workable 

Units 
Abolished 

Units 
Stopped 

Units 
Operation 
Situation 

Remarks 

Bushrod Power Plant 
(Norway) 

15MW 
(1MW×15) 0.5MW×15 15 0 15 

Normally 
Stop 
(Only Use for 
Black Start) 

It has practically stopped 
operating and is only 
used during a black start. 
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Power Plant 
Rated 

Output 
Generation 

Capacity 
Workable 

Units 
Abolished 

Units 
Stopped 

Units 
Operation 
Situation 

Remarks 

Bushrod Power Plant 
World Bank (Chinese 
Capital) 
(HIMSEN 6H32/40)  

10MW 
(2.5MW×4) 2.5MW×4 4 0 0 Operational 

There is a problem with 
heavy oil operation 
equipment, and only 
light oil operation is 
possible. 

Bushrod Power Plant 
JICA 

10MW 
(5MW×2) 4MW×2 2 0 0 Operational Standby during rainy 

season 
Bushrod Power Plant 
Government of 
Liberia 
(GOL) (Wartsilla)  

18MW 
(9MW×2) 8.2 MW×2 2 0 0 Operational 

There is a problem with 
the PLC for heavy oil 
switching, and only light 
oil operation is possible. 

Mt. Coffee Hydro 
Power Plant 

88MW 
(22MW×4) 80MW 3 0 1 Operational One unit stopped due to 

burnt out stator winding. 
Kru Town Power 
Plant - - - 5 - Abolished  

Congo Town Power 
Plant - - - 2 - Abolished  

Paynesville Power 
Plant - - - 2 - Abolished  

Source: LEC 

Table 2-4 shows changes in the annual cumulative operating hours of JICA power plant (5 MW x 
2 units). In addition to responding to the increasing demand from around 2021, the operation hours 
of JICA power plant are increasing due to malfunctions of WB power plant6 and GOL power plant7. 
Since the cumulative operating hours of each JICA power generation facility exceeded 4,000 hours 
after 2020, JICA experts recommended that load operation should be avoided. As of November 
2022, the cumulative operating time of each engine is about 9,100 hours for Unit 1 and about 7,600 
hours for Unit 2. 

Table 2-4  Changes in annual operating hours of JICA power plant (total of 2 units) 
 2016 2017 2018 2019 2020 2021 2022 

Operation 
hours 2,545 940 1,800 1,994 1,573 4,750 3,111 

Source: LEC 

Due to the impact of the COVID-19, the JICA power generation facility continued to operate 
without overhaul for 4,000 hours, and performed maintenance for 8,000 hours from August to 
November 2022. Many problems were discovered due to the lack of 4,000 hours overhaul, but after 
8,000 hours maintenance, both Units 1 and 2 were restored to a state where they could be restarted. 
In the practical training for 8,000 hours maintenance, guidance on daily maintenance is provided, 
and LEC is working even harder on maintenance. 

After 8,000 hours of maintenance, it is expected to operate at full capacity as the main power source 
in the dry season of 2023. As of September 2022, the power sources owned by the LEC are unable 

                                                      
6 Constructed by the support of World Bank, 2.5MW x 4 units, HIMEN 
7 Constructed by Government of Liberia, 9MW x 2 units, Wartsilla 
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to operate with heavy oil at the GOL power plant due to PLC failure, and at the WB power plant 
due to a malfunction of the boiler that overheats the heavy oil line. Also, as of November, the circuit 
breaker connected to the transformer for WB plant had burned out, so the dependence on JICA 
power plant is increasing. 

According to the LEC, power demand is expected to increase to around 75MW by the end of 2022. 
In response to this, the PPA for the interconnector CLSG was signed, and power supply started on 
December 1, 2022. The contract guarantees up to 27 MW of power imports from Côte d'Ivoire, and 
according to LEC information as of September 2022, the contract rate is about 14 cents/kWh. Future 
operation policies will be reviewed from the perspective of comparison with domestic power 
generation costs and energy security. The need for operation has been confirmed, and it is assumed 
that the plant will be operated for about 4,000 hours per year. 

(2) Power Access Ratio 

As shown in Figure 2 3, the rate of increase in access to electricity in Liberia is more than doubled 
from 2013 to 2019, and the electrification rate has increased in recent years even in the Sub-Saharan 
region. However, the electrification rate is 12% (2019), which is the lowest level in the Sub-Saharan 
region. 

  
Rate of increase in access to electricity 

(2019 compared to 2013) 
Comparison of electrification rates (2019) 

Source: IEA 

Figure 2-3  Comparison with neighboring countries (increase rate of access to electricity and 
electrification rate) 
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The Rural and Renewable Energy Agency (RREA) has set a target of 100% electrification by 2050. 
It plans to connect 89% of the Liberian population (96% of electricity consumption) to the grid, 
with the remaining 11% supplied by 7,000 off-grid hamlets.8 

(3) Power Supply Loss 

As shown in Figure2-4 and Figure2-5, the power supply loss has become extremely large, and the 
loss due to non-collection of power charges has become a particularly serious problem, putting 
pressure on the management of LECs. As a countermeasure, LEC is promoting the introduction of 
prepaid meters, etc. 

 

Source: Liberia Energy Sector Interim Findings October 2020 

Figure 2-4  Power supply and power loss (technical loss/commercial loss) 

 

Source: Liberia Energy Sector Interim Findings October 2020 

Figure 2-5  Total value of technical loss and commercial loss 

                                                      
8 RURAL ENERGY STRATEGY AND MASTER PLAN FOR LIBERIA UNTIL 2030 
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2-1-1-3 Laws and policies related to the power sector 

The position of LEC, which was established as a public corporation in charge of power generation, 
transmission, distribution, and sales of power and power-related equipment under the Public Authority 
Law of 1973, changed to a business operator that received a power business license under the Power 
Law of 2015.  LEC's position as a transmission company and national grid operator remains 
unchanged. In addition, the 2015 Electricity Law sets a licensing system for the electric power business 
and establishes an electric power regulatory agency, aiming to divide the electric power sector, privatize 
it, and introduce the principle of competition. 

2-1-1-4 Power Sector Development Plan 

The current electricity policy in Liberia is the National Energy Policy and an Agenda for Action and 
Economic and Social Development 2009, which has been in place for more than 10 years, and is not 
suitable for the current situation. The National Energy Policy aims to electrify 30% of urban areas and 
15% of rural areas by 2015, and aims to achieve carbon neutrality by 2050. 

(1) Overview of the National Power Master Plan 

The LEC Electric Master Plan was formulated in 2012 as an electricity master plan. According to 
MME, there is information that an additional version is being formulated, but the details are 
unknown. The LEC Electric Master Plan is a development plan up to 2015, and there is no current 
electric power master plan in Liberia. The LEC Electric Master Plan forecasted that electricity 
demand would increase to 67 MW by 2015, and indicated an investment plan for WB's power plant 
of 10 MW. 

As a rural electrification power master plan, there is Liberia Rural Energy Strategy and Master Plan 
until 2030, which shows the rural electrification plan until 2030. 

(2) Power Development Plan for Capital Monrovia/Positioning of Bushrod Power Station 

A Directive was announced on the MME website that the Optimization Study for the Development 
of Power Generation in Liberia was adopted as the Least Cost Development Plan for Generation in 
Liberia (LCDP) in 2020.9 

Base-case results of the Optimization Study, the development of SP2 hydropower (154MW) and 
solar power (75MW) on the St. Paul River system is the most economical and has the highest 
priority. For the time being, the plan is to rely on imported power during the dry season, when 
hydroelectric power output declines, and the focus is on the development of renewable energy. 
However, the upper limit of imported power is assumed to be 108 MW, and in order to meet the 
future demand increase, it is recognized that heavy oil power plant will be necessary as a base 
power source. 

                                                      
9 https://mme.gov.lr/energy-news/ 
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Table 2-5  Investment Plan (Base Case) (MW) 

 
Source: Multiconsult (2020) “Optimization Study for the Development of Power Generation in Liberia” 

As shown in Figure2-6, during the rainy season, hydro power generation at the two locations, Mt. 
Coffee and SP2, and solar power alone are sufficient to meet the power demand, resulting in surplus 
power generation. 

 
Source: Multiconsult (2020) “Optimization Study for the Development of Power Generation in Liberia” 

Figure 2-6  daily Load and Supply Curves in the Rainy Season 

During the dry season, as shown in Figure2-7, the output of hydro power drops significantly, and 
most of the supply has to be imported. Electricity imports depend on the surplus supply of other 
countries, but countries with similar climates in West Africa are connected by CLSG 
interconnectors, and all countries rely on it because hydropower output declines during the dry 
season. The country will experience supply shortages as well. Only Côte d'Ivoire's thermal power 
generation is expected to be the source of power imports, but it is thought that the exportable 
amount will fluctuate depending on the supply and demand balance of the country. 

The diesel power plant of Bushrod power plant is responsible for a certain amount of supply during 
the dry season and plays an important role as the country's power source during the dry season. 
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Source: Multiconsult (2020) “Optimization Study for the Development of Power Generation in Liberia” 

Figure 2-7  Dry season daily load and supply curve 

2-1-1-5 Response by other aid agencies 

A list of ongoing or recently completed projects in the power sector by other donors is shown in Table2-
6. In addition to the following, CLSG interconnectors have been constructed and power supply started 
in December 2022. 

Also, F/S for SP2 hydropower (154MW) and photovoltaic power generation (75MW) is underway as 
future projects not included in Table2-6. In addition, according to the LEC, there is a plan to build a 
20MW solar power plant near the Mt. Coffee hydro power plant with the support of the World Bank. 
The World Bank will decide to adopt the project, and they hope to start procurement in 2023. 

Table 2-6  List of projects of other donors on-going or recently completed 

No. Projects Financier Scope of Works Completion 
Date 

Contract 
Sum 

(in Million) 

Funds 
Disbursed 
(in Million) 

A 
1 Lot 1 66kV 

Transmission Lines 
and Substations 

World 
Bank 

Supply and construct 54 km of 66 kV Transmission 
from Paynesville to Kakata. 

Supply and installation of 66/33kV substation in 
Kakata.  

Supply and Installation of 33kV / 400V/ 230V 
distribution network and customer connections in 

Kakata  
 

Connect 15,000 customers Paynesville up to 
Kakata & Weala. Consist of the following 

communities and towns- 
Peter Town, Duo, Isreal, Caresburg, 15 Gate, 

Number 7, Moni Captain, Morris Farm, Kakata 
City, Weala, Weala Laymale, Borkey Town / 

Clinton, Jeaneta Town, Copper Farm, Konola and 
Tovia, Soul Clinic, Morris Farm, Omega, Bernard 

Farm – F.D.A Community, Mount Barclay, 

2021 
 

USD 8.91 
 

USD 7.78 
(87%) 
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No. Projects Financier Scope of Works Completion 
Date 

Contract 
Sum 

(in Million) 

Funds 
Disbursed 
(in Million) 

Johnsonville, Pipeline, Wood Camp, Zay 
Community, Goba Chop, Zuba Town 

2 Lot 2 66kV 
Transmission Lines 
and Substations 

World 
Bank 

Extension of Paynesville Substation 2020 
 

USD 1.24 USD 1.05 
(85%) 

3 Lot 3 continuation of 
22kV Distribution 
network construction 

World 
Bank 

Supply and Installation of 22kV / 400V/ 230V 
distribution network and customer connections in 

Paynesville and selected large users. 

2021 
 

USD5.54 USD 3.78 
(68%) 

B   
1 Substation Lot1, 

Lot2, Lot3  
World 
Bank 

 
 
 

Supply and installation of 2 X 20/26MVA 66/22kV 
Gardnerville substation.   

Supply and Installation of 2 X 10/13MVA 66/22kV 
transformers at Stockton Creek Substation,  

10MVA 66/22kV transformer at Virginia 
Substation,  

10/13MVA 66/33kV Kle substation.  
Extension of Paynesville with 10/13MVA 66/22kV 

Power Transformer and Bushrod  

July 2022 USD 9.75 USD 7.29 
(75%) 

2 Transmission Lines: 
Lot 1 and 2 

World 
Bank 

66 kV lines route:  Bushrod Substation-Virginia 
Substation -Kle Substation and Stockton Creek 

Substation –Gardnerville Substation- Paynesville 
Substation 

July 2022 USD 6.00 USD 2,28 
(38%) 

3 Distribution Network 
Lot 1: The supply and 
construction of 
22kV/400/230V 
distribution network 

World 
Bank 

The coverage areas; Gardnerville, Barnesville, 
New Georgia, Communities along the Somalia 

Drive, Clara Town, Doe Community, Johnsonville, 
Logan Town, Caldwell, New Kru Town, Virginia, 

Brewerville City up to Po River. 

July 2022 USD18.80 USD 15.07 
(80%) 

 

4 Lot 2: The supply and 
construction of 
33kV/0.4/230V 
distribution network  

World 
Bank 

The coverage areas; Towns & Villages along the Po 
River to Bomi, From Kie Via Medina to 

Robertsport, Bo Waterside and other Towns and 
Villages in Bomi and Cape Mount Counties. 

July 2022 USD 5.04 USD 1.31 
(26%) 

5 Lot 3:  Customer 
connections 

World 
Bank 

33,000 households/Customers are to be 
connected under this project within coverage 

areas   mentioned for both the 22/0.4 kV and 
33/0.4 kV Network to be constructed 

July 2022 Part of 
lot1 above 

 
 

C   
1 Lot 1  Substation 

2x20 MVA Congo 
Town substation 

EU The supply and installation of 2x66 kV lines 
Bushrod to Stockton Creek on a double circuit 

tower  
1x66kv line to Capitol, 

1x66 kV line Bushrod to Kru Town  
a double circuit line on existing towers from 

Capitol Substation to Congo Town Substation 
2X20MVA Congo Town substation 

September 
2022 

EUR 18.53 EUR 2.80 
(15%) 

2 Transmission Line EU  feasibility on the old existing 66kV line route 
from Congo Town Substation to Paynesville 

Substation 

September 
2022 

 
 
 
 

September 
2022 

EUR 18.99 EUR 6.48 
(34%) 

3 Lot 2  22/0.4kV 
Distribution Network 
and Connections 

EU 22 /0.4 kV distribution lines in Central Monrovia, 
Sinkor up to Paynesville.  Network to connect 

39,000 Residential customers:- 
Peace Island, Congotown, Old Road, Duport Road, 

AB Tolbert Road, SKD Complex, Thinker Village, 
King Gray 
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No. Projects Financier Scope of Works Completion 
Date 

Contract 
Sum 

(in Million) 

Funds 
Disbursed 
(in Million) 

D   
1 Transmission AfDB Lot 1A– Transmission Line Package (46km)  

Construction of 16 km of Double circuit 66 kV of  
transmission lines on Monopoles from Paynesville 

66/22kV to Schefflin 66/22kV substations 
Construction of 29 km of Double circuit 66 kV of  

transmission lines on Lattice Towers from 
Schefflin 66/22kV to 66/33kV Robert International 

Airport (RIA) substations 

December 
2022 

 
 
 
 
 
 
 

USD 13.62 USD 2.77 
(20%) 

2  Substations AfDB Lot 1B. – Substation Package  
Construction of 2nos x 66 kV    transmission line 

extensions at Paynesville 66/22kV. 
Construction of 2nos x 10 MVA, 66/22kV 

transformer substation at Schefflin. 
Construction of 2nos x  10 MVA, 66/33kV 

transformer substation at RIA  

December 
2022 

3 Distribution and 
Customer 
Connections 

AfDB Lot 2. 
22/0.4 kV distribution Network from Scheffllin 

substation (66/22 KV) to Marshall, Schefflin Town 
and back to Paynesville.  

33/0.4 KV distribution Network from the RIA 
substation (66/33 kV) to the Airport, Charlesville, 

Dolo Town, Peter Town, Cotton Tree, 
Owensgroove, Unification Town back to Schefflin 

Town 
Customer connections of 13,500 

Street Lights 

December 
2022 

USD 10.05 USD 1,01 
(10%) 

4 Distribution and 
Customer 
Connections 

AfDB Lot 3.   
105 km of 33kV Distribution extension from 

Pleebo (Maryland) to Fish Town (River Gee) along 
with 0.4kv distribution network.  

4,500 Customers to be connected under the 
project. 

Installation of Street Lights 

November 
2022 

USD 3.99 USD 0.40 
(10%) 

E CLSG-RE AfDB CLSG - Rural Electrification  
Design, Supply, & Installation of MV and LV 

Distribution Network, Customer Connections & 
Street Light in Rural Areas: 

Using the Shield Wire System  
(SWS) Technology and Conventional MV at 33kV, 

to provide power to towns within 3 km of the 
constructed CLSG TRANSCO 225kV HV network at 
three (03) 225/33kV substations at (Yekepa, Mano 

and Buchanan Substations) in Liberia. 
The 130 Communities (in Towns and Villages) that 

will be connected covers five Counties (Nimba, 
Grand Bassa, Montserrado, River Cess and Bong) 

where the CLSG 225kV Transco Project runs 
through and 23,000 are targeted for connections 
The installation of 900 Street lights within these 

130 communities (towns and villages) 

December 
2024 

USD 15.99 NIL 
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No. Projects Financier Scope of Works Completion 
Date 

Contract 
Sum 

(in Million) 

Funds 
Disbursed 
(in Million) 

F Monrovia 
Electrification 
Project 

KfW Construct MV/LV distribution network in gap 
areas 

Connect at least 16,000 customers 
Procure 15,000 pre-paid energy meters for LEC 

operations 
Procure CT Meters and other materials for LEC 

operations 
 

September 
2022 

(It probably 
postpone 
to early 

next year) 

EUR 15.95 USD 0.42 
(3%) 

G Ganta – Gbarnga 
Project 

USAID Extend 77. 82 Km of 33kV MV lines from Ganta to 
Gbarnga and  

Construct 25.5 Km of 19 KV medium Voltage from 
Ganta to Gbarnga. 

Construct 10 Km of LV distribution network in 
Gbarnga/Suakoko areas 

To Connect about 2,700 customers 

2021 USD 13.2 USD11.38 
(90%) 

Source: LEC 

2-1-1-6 Aid Policy and Achievements of the Government of Japan 

Table 2-7 shows the achievements of the Government of Japan in the electric power sector since 1990. 

The Government of Japan has so far provided aid through grant aid, centered on the fields of food 
production, health and medical care, road construction, and electric power, acceptance of trainees, and 
technical cooperation centered on the dispatch of Japan Overseas Cooperation Volunteers. However, 
since May 1990, bilateral aid has ceased due to the intensification of the civil war. After the civil war, 
the city of Monrovia was in a state of chronic power shortage due to the civil war, and frequent 
blackouts became an obstacle to the lives of citizens and the country's economic development. Even at 
the Bushrod Power Station, which supplies electricity to the city of Monrovia, generators and other 
equipment were destroyed during the civil war, and power generation capacity was extremely limited. 
Therefore, the "Monrovia City Electricity Restoration Plan" was implemented in hopes of improving 
the stability of the power supply, improving the lives of citizens, and contributing to economic 
development. 

Table 2-7  Government of Japan Assistance in the Power Sector 
Project Name Fiscal year Grant Limit Project Overview 

The Project for 
Rehabilitation of 
Monrovia Power 
System 

2012 fiscal year 
 

2.037bilion yen Heavy fuel oil diesel generators (5 MW x 2 
units) will be installed at the Bushrod Power 
Station, the main power plant that supplies 
electricity to Monrovia. 

Source: Ministry of Foreign Affairs of Japan 

2-1-2 Operation and Maintenance Status of Power Supply Facilities 

2-1-2-1 Management of Bushrod Power Station 

(1) Organization 

Figure 2-8 shows the organizational chart of the LEC management. The management contract was 
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ended in July 2022, and a new system will be established. As of December 2022, the power 
generation manager is absent, and both the hydropower and thermal power department managers 
are present at meetings with management. 

 
Source: LEC 

Figure 2-8  LEC Management Organization 

(2) Business overview, medium to long-term plan 

LEC's income statement is shown in Table2-8. It has been operating at a loss since 2017, and most 
of its income is dependent on subsidies, including assistance from donors. According to the LEC 
Business Plan 2019-2023, it plans to become profitable in 2023, but it can be said that the situation 
is tough. One of the factors that puts pressure on management is loss due to uncollected electricity 
charges. 

The maintenance and management costs are included in the cost of sales in the same table, and 6 
million USD was recorded in 2019. In the future, when large-scale overhauls of 24,000 hours and 
32,000 hours are to be carried out, it is expected that the purchase of spare parts will exceed 1 
million USD. It is thought that budgetary measures will be necessary in general. 
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Table 2-8  LEC Income Statement 
  Unit：1,000 USD 

Subject 2019 2018 2017 
Revenue 22,848  25,443 24,007  
Cost of Sales (30,261)  (20,252) (22,904)  
Total Profit (7,413)  5,191 1,103  
General Expenses (15,125) (29,059) (16,897) 
Other income 24 240 105 
Other profit (272) (116) （65） 
Subsidy Income 
（Including donor aid financial income） 14,344 21,250 15,965 

Financial Income 1,584 1,303 - 
Financial Spending (1,101) (1,330) (2,080) 
Total loss（Excluding corporate tax） (7,959)  (2,521) (1,869) 
Corporate tax -  - -  
Total loss (Including Corporate Tax) (7,959) (2,521) (1,869) 
Other Total Profit 834 745 495 
Annual Total Profit (7,125)  (1,776) （1,374） 

(3) Current situation and Challenges / training needs 

At the LEC, a meeting is held once a week for all department heads and above to exchange 
information. In addition, when overhaul is implemented, the progress of overhaul is reported to 
management as appropriate, and the procurement of necessary spare parts is quickly determined. 
In addition, it was confirmed that the Safety Management Department and the Training Department 
are working together on maintenance, and that organizational cooperation is being taken. 

On the other hand, there are some aspects of management that are not well managed, such as the 
management of spare parts and tools. Regarding the management of spare parts and tools, the issue 
is that the management method within the JICA power plant is not sufficiently developed. As for 
the lack of management methods, the same applies to the daily engine patrol items, and it is 
considered necessary to prepare a checklist and create a system to manage daily implementation. 

Regarding overhaul preparation, it is required to formulate a long-term ovrehaul plan and to be able 
to plan individual overhaul in cooperation with the manufacturer. In addition, it is necessary to be 
able to execute the process of requesting estimates for spare parts, tools, consumables, and SV 
dispatch costs ⇒  Budget measures ⇒  Ordering ⇒  Procurement management ⇒  Inventory 
management at the necessary time based on the plan. Looking back on the current situation of the 
LEC, there are issues with budget measures and schedule management. 

In addition, it is necessary to understand the flow and the required period so that preparation for 
implementation ⇒  implementation ⇒  recording after implementation (obtaining the 
manufacturer's report) ⇒  sorting out the parts to be procured for the next overhaul can be 
implemented without delay. 
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Table 2-9  Ability Levels and Training Needs of LEC staff 
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2-1-2-2 Operation of JICA Power Plant 

(1) Operation System and Engineers 

The organization chart of the power generation department is shown in Figure 2-9. The operation 
of the power plant at the Bushrod Power Station is carried out by three shifts of about 20 operators 
under the Operation Manager ((1) 8:00-15:00, (2) 15:00-22:00, (3) 22:00-8:00) is supported. 

 
Source: LEC 

Figure 2-9  Organization Chart of LEC Power Generation Division 

(2) Major troubles to date 

In 2020, the cumulative operating hours of JICA's power plant exceeded 4,000 hours, requiring an 
overhaul. However, due to the pandemic of the new coronavirus, the operation continued until 2022 
without being able to carry out an overhaul. Major troubles among reported troubles are shown 
below. 

Table 2-10  Defects confirmed in 2021 
Target part Contents 

Malfunction of Unit 2 In April 2021, the LEC reported that black smoke was emitted from the exhaust chimney 
and a large amount of drain water was emitted from the intake trunk drain pipe. In June 
2021, when a JICA expert confirmed the situation on-site, it was confirmed that water 
was gushing from the indicator cock, and that water had accumulated inside the 
combustion chamber. In addition, the emergency measures was implemented such as 
checking the drain, but there was a risk of a serious accident due to water hammer, etc., 
so JICA Experts strongly recommended to LEC not to operate until overhaul was 
implemented. It was operated for just under 1,000 hours to make up for the shortage of 
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Target part Contents 
power during the dry season. The cause of the water leak is being investigated during an 
8,000 hours overhaul. 

VCB burnout The VCB inside the 22kV Switchgear connected to the 22kV line was burnt out. Looking at 
the operation history of the protective relay, WDT (Watch Dog Timer) was recorded. 
When a failure such as a ground fault occurred, it is thought that the CPU in the 
protective relay ran out of control due to some influence and could not cut off the VCB. 
In addition, the cable tray near the limiting resistor in the EVT Panel was melted, and it is 
presumed that the ground fault current was flowing for a considerable period of time. 
Although the relevant parts have been replaced and operation is continuing, the cause of 
the damage has not been identified, and a detailed investigation and countermeasures 
are required. 

Table 2-11  Defects confirmed in 2022 

Target part 
Contents 

Unit 2 Unit 1 
Cylinder head B4 Intake side clack 

A1Exhaust side clack 
- 

Intake Valve Blowout of B4 - 
Exhaust Valve Blowout of A1,A3,A5,A8, B1, B2 Blowout of A1,2,5,6,8,B1,2,5,6,7 
Valve Guide Some of the guide are deformed. Need to 

be replaced, 
- 

Exhaust Valve Seat
（water cooled） 

Deformation of all exhaust valve seats, 
burning, carbonization, and cracking of O-
rings, 
In all Cylinders B1, 2, 3 and 4 for which the 
water pressure test was performed, water 
leakage was confirmed around the 
insertion part of the exhaust valve seat 
into the cylinder head due to the above 
event. 

Clack of A1,A2, A5, A6, A8, B1, B2, B6 

Piston Pin For A6,7,B3,4,5,6,7, there is surface 
corrosion due to rust, and replacement is 
recommended. Temporary use up to 
12,000 hours is considered possible. 

- 

Connecting rod B3,5 has a large degree of surface 
corrosion due to rust, and replacement 
after 12,000 hours is strongly 
recommended. 
A6,7,B6,7 have smaller rust marks than 
B3,5, but replacement after 12,000 hours 
is recommended. 

- 

Fire ring Damaged on B2, 6, 7 - 
Fuel Injection Valve Pressure drop and atomization failure due 

to exhaustion of the fuel injection valve. 
Injection pressure after parts replacement 
is not appropriate and needs adjustment. 

Fuel Injection Valve O-ring damage Same as left 
Fuel Injection Valve Gasket damage Same as left 
Fuel Injection Pump Broke three seal rings while cleaning - 
Fuel Injection Pump One set of A3 washers was damaged. - 
Indicator Cock Safety 
Valve 

- B2 seat damage 

Thermo Couple (Thermo 
Sensor) 

Two thermos couples are damaged. - 

Turbo Charger They were very dirty and corroded. Nozzle 
ring and seal cover need to be replaced. 

No big problem but dirty 
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Target part 
Contents 

Unit 2 Unit 1 
Purifier (HFO) Missing orifice of HFO PF No.2 
Purifier (HFO) Missing Magnetic Contactor of HFO PF No.2 
Purifier (LO) Speed Sensor Damage of LO PF No.1 
Purifier (LO) Loss of parts for LO PF No.3 (Spare for No.1 and No.2 Failure) 
Generator - Damaged bearing thermometer gauge 

cover and sensor cover 
Generator Cable damage in the terminal box. Need 

monitoring. 
Same as left 

Generator Control Panel 4 alarm buzzer malfunction. Replacement required. 
Filter FO primary filter is damaged. Scheduled 

for replacement in early 2023. 
- 

Filter Pirated version used for FO 3rd order 
filter. Replaced. 

Same as left 

Pump Worn bushings of coupling bolts for Water Treatment Pump No.1 and No.2. Replaced. 
Pump Pump pressure gauge failure of No.2 LT 

Water Circulating Pump. Replaced. 
No.1 LT Water Circulating Pump pressure 
gauge failure, bolt bushing wear. Replaced. 

Pump Pressure gauge failure of No.2 Fuel oil 
Circulating Pump. Replaced. 

Pressure gauge failure of No.1 Fuel Oil 
Circulating Pump. Replaced. 

Pump Bushing wear of coupling bolts of HFO Booster Pump No.1, No.2. Replaced. 

(3) Situation and issues/training needs before 8,000 hours overhaul 

Table 2-12 summarizes the operation status and issues of the JICA power plant before 8,000 hours 
overhaul (as of June 2022). 

Table 2-12  JICA power generation facility operation status and issues 
Item Situation（Before 8,000hours OH） Challenge 

(1) Unit 1 and 2 
engine long-
term non-
opening 
operation 

Since both Units 1 and 2 started operation, 
overhaul has not been performed for 4,000 
hours, and over 7,000 hours of non-overhaul 
operation has been carried out. 
In addition, since the exhaust temperature of 
both Units 1 and 2 is abnormally high, there are 
concerns about poor combustion, 
contamination and damage around the 
combustion chamber and intake/exhaust 
system. 

[Necessary work for Units 1 and 2] 
Cylinder head opening, inspection and 
cleaning 
Fuel injection valve, inspection of fuel pump, 
cleaning and replacement of parts 
Opening, inspection, cleaning, regrinding, and 
parts replacement of intake/exhaust valves 
and valve seats 
Start valve. Opening, inspection, cleaning, 
regrinding, parts replacement of the indicator 
valve 
Replacement of piston ring and oil ring 
Cleaning the air cooler 
Turbocharger opening, inspection, cleaning 

(2) Water 
intrusion 
into the 
combustion 
chamber of 
Unit 2 

In June 2021, water intrusion into the 
combustion chamber of all cylinders in Unit 2 B 
Bank was confirmed. There was water dripping 
in the crankcase, and JICA experts requested 
LEC not to operate any more, but due to the 
power situation, they were forced to operate 
occasionally. Furthermore, at the time of 
inspection in June 2022, it was confirmed that 
water had entered the combustion chambers of 
all cylinders in Unit 2, and an increase in the 

[Necessary work for Unit 2] 
Air cooler water pressure test 
Cylinder head opening, water pressure test 
Opening, inspection, cleaning, regrinding, and 
parts replacement of intake/exhaust valves 
and valve seats 
Cylinder liner inspection and maintenance 
Inspection, cleaning, maintenance, parts 
replacement of pistons, piston rings, oil rings, 
connecting rods, piston pins, piston pin 
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Item Situation（Before 8,000hours OH） Challenge 
amount of water dripping inside the crankcase 
was confirmed.  

bearings, crankpins, crankpin bearings, 
crankshafts, main bearings, etc. 
Crankcase cleaning/inspection, oil change 
Turbocharger opening, inspection, cleaning, 
parts replacement 
Intake trunk and exhaust pipe cleaning 
Lubricating oil change 
[Construction of Unit 1] 
No water intrusion into the combustion 
chamber has been confirmed, but depending 
on the situation, construction will be carried 
out in accordance with Unit 2. 

(3) LO and HFO 
purifier 

It has been used for a long time without being 
overhauled, and there are concerns about 
staining of various parts and wear and tear of 
parts. 

[Necessary work] 
Disassembly, inspection, cleaning, and parts 
replacement for 3 LO purifiers and 2 HFO 
purifiers 

(4) Radiator, 
various 
pumps, 
filters 

It has been used for a long time without daily 
inspection and repair, and there are concerns 
about staining of each part, wear and 
deterioration of parts, etc. 

[Necessary work] 
Radiator, cooling water pumps, LO pumps, FO 
pumps, LO filters, FO filters 
disassembly/inspection/cleaning/part 
replacement 

(5) Generator Normally, it is constantly driven at 4,000 ㎾. No 
problem is seen in the current and other 
parameters. The temperature of the stator coil 
shows a stable transition with little change over 
time. 
The change in bearing temperature is also 
small, and no tendency to become a problem 
can be seen. 

 
Not checking for changes in log data over 
time. 

(6) Maintenance 
status 

Basic maintenance work for electrical 
equipment is cleaning, drying, and visual 
inspection of equipment. Dust accumulation 
was observed inside the board, and 
maintenance work was not properly carried 
out. 

Electrical equipment items are not included in 
the daily inspection sheet used by LEC. 

2-1-2-3 Maintenance and management of JICA power plant 

(1) Maintenance record and maintenance plan 

There is no document that summarizes maintenance records and plans etc. In view of the 
achievement goal of reliably maintaining and managing the power plant, the current state of 
maintenance of the power plant at the Bushrod Power Station is still at a sufficient level as a whole 
through planning, preparation, judgment, and implementation, confirmation, recording and 
reporting. Continuous and step by step efforts is required. 

(2) Maintenance system and engineers 

About 20 maintenance engineers work under the maintenance manager. Table 2-13 summarizes the 
roles of each. 
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Table 2-13  Positions and roles related to maintenance 
Position Role 

Maintenance 
manager 

・Maintenance instructions 
・Procurement of items necessary for maintenance 
・Management of expensive instruments such as measuring instruments 
・Manager of spare parts and tools 

Foreman - A coordinator for engineers and technicians. 
・Disseminate the details of the work and determine the division of roles. 
・Maintenance work is also performed. 

Engineer ・Considering maintenance methods and issuing work instructions to technicians. 
・Maintenance work is also performed. 

Technician - Carry out maintenance work under the direction of the foreman and engineer. 

(3) Challenge / Training Needs 

Engineers and technicians working at the Bushrod Power Station are highly motivated to learn new 
technologies for power generation equipment. It can be expected to be effective in improving the 
skills and motivation of all management personnel. 

Table 2-14  JICA power generation equipment maintenance status and issues 
Item Situation（Before 8,000 hours OH） Challenge 

1. Organization 
System 

LEC lacks planning for the maintenance of 
power facilities, and it is necessary to improve 
management such as planning, technical 
judgment, and budgetary measures. 

Appropriate preparations should be made by 
grasping the expected overhaul timing, 
organization, costs, etc., so that necessary 
maintenance plans and budgetary measures 
can be taken. 

 There are few opportunities for information 
exchange between management and field staff. 

It is necessary to provide opportunities for 
information exchange such as regular 
meetings. 

 Overtime and holiday pay are not paid properly. 
There were also delays in the payment of 
regular salaries. Therefore, even if necessary 
work remains, no overtime is required. 

Management needs to improve so that 
salaries are paid appropriately. 

 The daily work of operation and maintenance 
personnel is insufficient, and the management 
on the management side is not well managed. 

It is required to prepare a checklist for 
operation and maintenance, clarify the daily 
work of the operation and maintenance 
personnel, and manage it. In addition, regular 
meetings will be held to raise the awareness 
of operation and maintenance personnel. 

 Communication between staff members is 
mainly through phone calls and face-to-face 
conversations, and since no records are kept, 
there are many cases where correspondence is 
interrupted in the middle. 

The management side is required to respond 
to the contact method. 

 Most records are paper-based, such as driving 
records and ledgers, and there are still many 
parts that have not been digitized. 

 
It is desirable to digitize and manage ledgers. 

 When a problem occurred at Unit 2, when it 
was strongly recommended to stop operation 
until overhaul was carried out, LEC also 
understood that technically it should be 
stopped, but operation was forced due to 
political reasons. 

It is necessary to improve the management's 
awareness of maintenance and to improve 
the power supply capacity. 
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Item Situation（Before 8,000 hours OH） Challenge 
2. Management 

and Budget 
LEC is operating at a loss due to the large 
transmission and distribution loss due to non-
collection of electricity charges, and the loss is 
covered by government subsidies. Electricity 
theft by bribing LEC employees from the 
community or those in power is being viewed 
as a cause of uncollected electricity charges. 

The CEO, who took office in July 2022, has 
clearly stated that he will strengthen the 
crackdown within the LEC as a response to 
uncollected electricity bills. Bribes, which 
have been overlooked until now, will be 
severely punished if they are discovered. 

 Appropriate budget is not allocated for 
maintenance of power plant. 

It is necessary to set aside a budget for future 
maintenance. 

 Procurement and budgetary measures for spare 
parts used in this project 

LEC was unable to purchase the spare parts 
and tools required for the 8,000 hours 
overhaul in the pilot activity, so JICA decided 
to procure them. Budgetary measures are 
insufficient and need to be improved in order 
to operate for a long time in the future. 

3. Technical 
Aspect 

There is no proper response when problems 
occur. For example, inappropriate measures 
were taken, such as adjusting the amount of 
fuel injection when the exhaust gas 
temperature of Unit 1 rose. 

Improve knowledge and experience related to 
troubleshooting. 

 Accident repair records are not managed 
collectively. 

Should be recorded 

 Only the manufacturer's manual is available, 
and LEC's own work instructions have not been 
prepared. 

The LEC itself needs to prepare work 
instructions. 

 Ledgers (equipment ledger, tool ledger, spare 
parts ledger, fuel ledger, etc.) are not 
maintained. 

It is necessary to develop a ledger for JICA 
power plant in order to properly grasp and 
manage the quantity of spare parts and tools, 
storage locations, etc.。 

 Inspection records are recorded on log sheets. On the other hand, the daily inspection is 
inadequate because the necessary items are 
not covered. It is necessary to review the 
inspection checklist. 

 The operator's understanding of each device is 
insufficient. 

 

 Troubleshooting manuals are limited to the 
content described in manuals created by 
manufacturers, and lack experience and know-
how to handle minor troubles. 
In addition, only a few trouble records are 
recorded in the operation records, and the 
details are unknown and there is no compiled 
record. 

 

 There is almost no experience of overhauling by 
dispatching SV from the manufacturer, and 
improvement of overhaul skill is required. 

 

4. Facilities Ledgers of spare parts and tools are not 
maintained. The loss of the special tool was 
confirmed before the 8,000 hours overhaul was 
implemented. 

 

 There are no PCs or printers available for field 
staff to use. 

It is desirable to have shared PCs and printers 
that can be used by field staff. 
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2-1-2-4 Positioning of this project 

As mentioned above, LEC recognizes JICA's power plant as important facilities, and has operated and 
maintained them by themselves for up to 8,000 hours. In this situation, there is a situation where the 
user may mistakenly assemble the device when performing maintenance on their own, or continue to 
use the device without performing the necessary maintenance. Technical cooperation from experts will 
be required to ensure stable operation in the future, and this project is expected to improve practical 
operation and maintenance management capabilities through classroom training and practical training. 

2-1-3 Activities during the entire project period 

2-1-3-1 Pilot Activity 

As a pilot activity in the detailed planning phase, activities related to outputs 1 to 3 shown in Table 1-1 
are being implemented. 

(1) Object and Contents 

Capacity development of LEC through pilot activities in order to improve LEC's planning and 
implementation capacity for proper operation of LEC's diesel power plant at Bushrod Power Station 
was enhanced. As activities related to Output 1 and Output 2, in addition to capacity building related 
to regular operation, maintenance, and troubleshooting of diesel power plant, capacity development 
related to heavy oil operation will be implemented. As an activity related to Output 3, capacity 
development technology transfer will be conducted through 8,000 hours overhaul in order to 
acquire regular overhaul skill. 

(2) Implemntation System 

The implementation system is shown in Figure 2-10. The project team indicated by the blue frame 
consists of JICA and LEC. The Joint Coordinating Committee (JCC) shown in the red frame is 
chaired by the LEC president and consists of the project team, the Japanese government agencies, 
and MME. 

On the Japanese side, JICA Headquarters and JICA experts played a central role, and the JICA 
Ghana Office, Liberia FO, and the Japanese Embassy in Ghana supported the project. In addition, 
JICA has a system of 2 people from the headquarters, a general manager and a deputy general 
manager, and 5 JICA experts: Chief Consultant/Electric Power Planning, Mechanical Equipment, 
Electrical Equipment, Electric Power Planning Assistant, and Mechanical Equipment Assistant. 

On the Liberian side, the LEC was at the center of the system, with support from the MME and 
Liberian government agencies. LEC organizes a Management Group (MG) centered on executives 
in charge of business management and a Technical Management Team (TMT), centered on LEC 
staff who are the practical units for operation, and maintenance. In order to incorporate the opinions 
of staff in various positions, JICA and LEC have devised ways such as holding a meeting once a 
week centered on the core members of TMT and holding a morning meeting before the start of each 
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day's work, in which all staff involved in overhaul participate. This system is planned to be 
maintained even in full-scale activities.  

In addition, a manufacturer engineer was dispatched to take charge of overhaul inspection (planning 
and technical guidance), so JICA Experts were able to formulate a highly feasible plan that 
incorporated the manufacturer's views. 
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 - Power Sector Information Gathering

Auxiliary Equipment
- Purifier
- Filter
- Pump
- Tank

JICA

JICA Experts

Project Operation Support
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-　Safety, Comliance

Support from Japan

Others
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-　Technical Support
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Project Director / JCC Lead
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- 
- 
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LEC

Management Group (MG)
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- Turbo Charger
- Test Running

Mechanical Facilities Assistant
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- 
- 
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- 
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Supervisor

Technical Management Team (TMT)（LEC staffs）

Government of Liberia
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 Energy （MME）

Embassy of Japan in 
Ghana

Government of Japan

Embassy
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Project Team

Inspection (Diesel Engine) Turbo Charger Electrical Facilities
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- Generator Control Panel

Support
Support Team

-　Administration
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Training Department
-　Training Support
-　Attendance Check
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Source: JICA Experts Team 

Figure 2-10  Implementaion System Chart of Detailed Planning Survey 

(3) Implementation Schedule 

Table 2-15 shows the implementation schedule of the power generation equipment maintenance 
guidance at the Bushrod Power Station. 

The project research and preparation period is from April 2020 to June 2022, and the 
implementation period of the pilot activities is from June 2022 to February 2023. 

The pilot activity is positioned as a stage to acquire basic skill and technique before the 
implementation of the full-scale phase, and it also serves as an understanding of LEC's technical 
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capabilities for formulating a detailed plan. 

In this project, LEC will be able to maintain and manage the power supply facilities on their own, 
so it is important to understand the current situation of LEC, provide step-by-step guidance until 
the skill is established, and confirm their independence. 

  



 

2-25 

Table 2-15  Classroom/practical training schedule/content 
Stage Period Target Item Achievement Goal 

Survey and 
Preparation 

2020/4～
2022/6* 

Bushrod 
Power Plant 
MG、TMT 

1. Survey of current status of LEC 
facility maintenance and 
management 
2. Consideration of project 
implementation plan, schedule, 
etc., planning of preventive 
maintenance 
3. Long-term continuous technical 
guidance through OJT: 
・Basic management method 
・Daily inspection, confirmation of 
operation status 
・Technical guidance for TMT 
4. Remote technical support 

1. Preparation of detailed project 
implementation plan 
2. Started managing MG 
・Maintenance and storage of 
logbooks and operation/maintenance 
records 
・Preparation of operation and 
maintenance plan, spare parts 
purchase plan, and maintenance 
budget 
・Thorough compliance with 
instructions and orders 
3. Collaboration with LEC 
Headquarters 
4. The maintenance and 
management of the power plant 
during the period of suspension due 
to the impact of Covid-19 is properly 
carried out. 

Basic Skill 
Period 

2022/6 
(Two weeks) 

Bushrod 
Power Plant 
TMT 

Classroom lecture: 
・Diesel power generation 
equipment and power generation 
system 
·Electrical equipment 
・Auxiliary equipment 
·Trouble shooting 

 
TMT: Improving Basic Technical Skills 

2022/8～
2023/1 
(Six Month) 

Bushrod 
Power Plant 
MG
（TMT） 

Long-term continuous technical 
guidance through OJT: 
・Management method 
・Driving situation analysis, 
prediction, judgment 
・Advance preparation for annual 
operation and maintenance 
・Securing spare parts and 
consumables 
·troubleshooting 

1. Acquisition of MG (TMT) 
management skills 
・Annual operation and 
maintenance plan creation 
・Preparation of annual spare parts 
purchase plan 
・Draft annual maintenance budget 
・Securing annual budget 
・Spare parts, consumables, tool 
management ledger creation 
2. Collaboration with LEC 
headquarters 

2022/8～
2022/11 
(3.5 months) 

Bushrod 
Power Plant 
TMT
（MG） 

1. Technical guidance for 8,000 
hours inspection by engine 
manufacturer engineers: 
・Cylinder head open 
・FO valve nozzle replacement 
・Piston extraction, inspection 
2. Inspection technical guidance by 
auxiliary equipment manufacturer 
(purifier) engineers 
3. Inspection technical guidance by 
generator manufacturer engineers 
4. Technical guidance by electrical 
equipment experts 
5. Technical guidance related to 
heavy oil operation 

MG: Securement of spare parts, 
advance preparation, improvement 
of advanced technical decision-
making ability 
TMT: Mastering advanced 
maintenance skills 
(Cylinder head open inspection parts 
replacement, restoration, operation 
check) 



 

2-26 

Stage Period Target Item Achievement Goal 
6. troubleshooting 

2023/2 
(Two weeks) 
 

Bushrod 
Power Plant 
TMT 

Lecture: Technical guidance related 
to daily operation and inspection 
1. Technical guidance related to 
heavy oil operation 
2. Inspection items in daily 
operation 
3. troubleshooting 

TMT: Improvement of basic technical 
skills related to daily operation 

* The implementation period includes the suspension period due to the impact of COVID-19. 

2-1-3-2 Activity Plan of Implementation Stage 

In order to further establish the knowledge and experience acquired in the pilot activities, to experience 
new maintenance items, and to improve daily operation and maintenance skills, a plan for full-scale 
activities was formulated. Details are given in Chapter 5. 

  



 

2-27 

2-2 Pilot Activity 

2-2-1 Remote Technical Support 

In this project, the initial schedule was to perform 4,000 hours of maintenance on the JICA power plant 
from July 2020 to prepare for regular operation in the dry season. However, due to the impact of 
COVID-19, travel prospects are uncertain, so at the kick-off meeting on June 30, 2020, the LEC 
requested support for the operation and maintenance of JICA's power plant until the start of travel of 
JICA Experts. In response to the request, the remote technical support for the purpose of supporting 
proper maintenance was implemented during the JICA power generation facility standby period 
(September to December 2020). 

(1) Contents of remote technical support 

1) Implementation period, frequency 

・ Implementation period: Power generation facility standby period (from September to 
December 2020) 

・ Frequency: Once a month feedback 

2) Method 

A) The LEC will fill in the check sheet and operation log sheet provided by the JICA expert 
and send it to the JICA expert by e-mail. (See Attachment 9 for the check sheet and driving 
record sheet forms.) 

B) JICA experts confirm and analyze the check sheet with the cooperation of the engine 
manufacturer, IHI Power Systems. In the case of load operation, the state of the engine is 
analyzed based on the operation record data. 

C) Feedback analysis results to LEC through web meetings and give advice as appropriate. 

(2) Findings of remote technical support activities 

Attachment 9 is the LEC's comments and feedback from JICA experts to the LEC. The particular 
concern are the following; 

 Lubricating oil leaking from the turbocharger was found, and requested LEC to inform us 
of the specific condition and location of the lubricating oil leak. However, since it was not 
possible to identify the specific location where the lubricating oil leak occurred, JICA 
experts gave instructions on checking the operation of the pressure gauge, etc., and if 
there was no problem with the pressure gauge. Then it was checked during the filed work. 
As a result, during the 8,000 hour maintenance, it was confirmed that the lubricating oil 
leak was occurring from the insertion part of the speed sensor of the turbocharger, and it 
was resolved by tightening the relevant part. 

 It has been reported that vibration and smoke occur during load operation of 4,500 kW 
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(90% of rated output) or more. Guidance was given based on supplementary materials, 
such as vibration measurement, bolt tightening confirmation, and video request. No 
abnormalities were found during the test run after 8,000 hours of maintenance. 

 The lubricating oil pressure of the turbocharger dropped to 0.08 MPa in Unit 1 against the 
lower limit of 0.18 MPa. JICA Experts recommended them not to operate until proper 
measures were taken, as it could lead to damage to the turbocharger and serious accidents. 
The cause of the pressure drop is assumed to be a malfunction of the pressure gauge, a 
lubricating oil leak from the piping, or a malfunction inside the turbocharger. Therefore, 
JICA Experts asked LEC to check the operation of the pressure gauge. Also, if the 
pressure gauge is working properly, there is also a problem with the supercharger 
lubricating oil pressure alarm system and emergency stop system. 

The pressure drop was thought to have been caused by the above-mentioned lubricating oil leak, 
and no abnormalities were observed during the test run after 8,000 hours of maintenance. 

(3) Result 

In particular, the problem of the lubricating oil pressure drop in the turbocharger was confirmed, 
and the necessary countermeasures was provided to the LEC before it led to a serious accident. In 
addition, the checklist for power plant in routine maintenance and the operation record form were 
improved. 

2-2-2 Classroom training (first session) 

2-2-2-1 Achievements and results of classroom training 

The first classroom training was held in June 2022, before the start of the 8,000 hours maintenance. 
Table 2-16 shows the contents of the lectures. In addition to basic lectures on the composition and roles 
of diesel power generation equipment and power generation systems, basic maintenance skills required 
for power plant operation, such as maintenance planning methods and work procedure manuals were 
also conducted during the training. In addition, after the classroom training, the content was designed 
with consideration given to the flow of practical experience through OJT during 8,000 hours of 
maintenance. A total of 20 people, including 12 mechanical engineers from the maintenance team, 3 
electrical engineers, 3 from the operator team, and 2 interns, participated. 

The staff who participated in the training were eager to improve their skills and showed a strong 
motivation to deepen their knowledge of diesel engines and improve their technical skills. In order to 
check their level of understanding, the training included questions to the participants, and lectures were 
arranged to their level of understanding. In addition, by incorporating on-site practical training, the 
participants' level of understanding increased. Through practical training in crank case inspection, rust 
removal cleaning, draining, and equipment corrosion prevention measures, the importance of diesel 
engines maintenance was conveyed and a good relationship was established between the LEC engineers 
and JICA expert team. It is required that LEC revise and utilize the work procedures and various 
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checklists explained in the training program for Bushrod power plants. 

Table 2-16  Contents of classroom training in pilot activities (first) 

Item Plan Output 
Challenge toward the 

Core Activity 
Mechanical Facilities 
Classroom training #1 

Outline of Diesel Engine 
Generator facilities 

Explain the structure of the 
main equipment and the role of 
the main parts based on the 
structural drawing 

Understanding basic 
structure. Clarification of 
overhaul inspection points 

Improved understanding of 
overhaul inspection points 

Troubleshooting Explanation of typical trouble 
cases, causes, and pre- and 
post-maintenance measures for 
diesel engines of the same type 

Understanding failure cases 
and countermeasures 

Establishment and practice 
of countermeasures for 
various failure cases 

Basics of maintenance Maintenance system flow 
chart, maintenance concept, 
annual plan, medium- and long-
term maintenance plan, regular 
maintenance preparation, 
human resource development, 
etc. 

Basic understanding of 
maintenance. 

Implementation and 
updating of various plans 

Preparation of maintenance 
manual 

The purpose of work standards 
and the need for operation 
management based on 
maintenance management 
standards 

Understanding the method 
and purpose of preparing 
maintenance manuals 

Updating work standards in 
line with LEC 

Periodic Overhaul 
Inspection Item Checklist of 
Diesel Engine 

Overview and usage of the 
periodic overhaul inspection 
item checklist 

Understand the purpose and 
use of checklists 

Update the maintenance 
manual  

Inspection and 
maintenance procedures 
for 8,000 hours overhaul 
inspection 

Understanding work items and 
procedures for 8,000 hours 
overhaul inspections 

Understand the work outline 
of each maintenance 

Establishment of practices 
and techniques 

Contents of next periodical 
overhaul inspection work 

Procedures, precautions, etc. 
for the next periodic overhaul 
inspection work 

Understanding of procedures 
and precautions for each 
work 

Establishment of practice 
and skill. Understanding of 
work contents after 16,000 
hours overhaul inspection. 

Maintenance of record of 
periodic overhaul 
inspection 

Contents of Periodic Overhaul 
Inspection Record and How to 
Use It 

Understanding the contents 
and purpose of use of the 
periodic overhaul records 

Examination and review of 
practices and records 

Daily check Overview of daily inspection 
items and engine performance 
tests 

Understanding of daily 
inspection items and 
purpose of engine 
performance tests 

Implementation of daily 
inspection and engine 
performance test and 
update of contents 

On-site practical training Crank chamber inspection, 
combustion chamber 
inspection, engine water 
drainage, piston skirt, liner rust 
removal cleaning, combustion 
chamber cleaning, practice of 
grease application method 

Improving understanding by 
practicing part of the 
content of overhaul 
inspections 

Establishment of practices 
and techniques 

Electrical Facilities 
Basics of Generator Basic composition and 

structure of the generator 
Understand basic 
configuration 

Understanding control and 
protection systems 
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Item Plan Output 
Challenge toward the 

Core Activity 
Operation of Generator Generator usage limit and 

actual operation 
Understand the outline, but 
need more training on the 
theoretical background. 

Understanding of points for 
daily and periodic 
inspections. Understanding 
the theoretical background 

Calculation of short circuit 
current 

Generator short circuit current 
Estimation of short-circuit 
current on each panel 

Understand the outline but 
cannot calculate by 
themselves 

Calculate and analyze by 
themselves 

Estimated short-circuit 
current and circuit breaker 

Ensuring selective tripping Understand the outline but 
cannot calculate by 
themselves 

Calculate and analyze by 
themselves 

Trouble example Starting failure 
Abnormal pressure of T/C LO 
line  

It is a case that LEC has 
actually experienced, but 
understanding from the 
drawing is insufficient. 

Drawing analysis through 
various cases 

Vacuum Circuit Breaker 
Burned out 

Burnout of VCB and Estimation 
of Accident Factors  

Understand the process of 
examining the causes of VCB 
burnout accidents. 

Detailed investigation and 
analysis of actual equipment 

On-site practical training Switch off operation based on 
the operation command slip, 
drawer/insert generator circuit 
breaker operation, handling 
and actual measurement of 
insulation resistance measuring 
equipment, 6.6/22 kV high 
voltage circuit breaker circuit 
operation and understanding of 
the circuit by creating a single 
line diagram 

Improving understanding of 
the importance of 
operations and records 
based on slips, and drawings 
and actual circuit 
configurations 

Establishment of practices 
and techniques 

2-2-3 Practical Training through 8,000 hours maintenance 

(1) Outline of 8,000 hours maintenance 

From August to November 2022, 8,000 hours maintenance was conducted as OJT practical training. 
During the maintenance period, a lot of discovered work and additional procurement occurred, but 
owing to the hard work by LEC maintenance team and prompt procurement by the management 
and procurement department, the maintenance was completed within the originally scheduled 
period (94 days). 

8,000 hours maintenance was conducted by the manufacturer’s Supervisors shown in Table 2-17. 

Table 2-17  Dispatch of engineers from manufacturers 
In charge Period（in–out） 

Diesel Engine Overhaul August 11th to November 9th, 2022 
Auxiliary Diesel Engine Overhaul August 11th to November 9th, 2022 
Diesel Engine Overhaul Planning August 17th to September 12th, 2022 

November 7th to 17th, 2022 
Turbo Charger Overhaul September 6th to 21st, 2022 

November 1st to 5th, 2022 
Purifier 1 October 16th to November 6th, 2022 
Purifier 2 October 16th to November 6th, 2022 
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In charge Period（in–out） 
Generator and Generator Panel October 28th to November 9th, 2022 

Electrical Test Running October 28th to November 9th, 2022 

As for the system on the LEC side, the following departments worked together to carry out 
maintenance. 

A) Maintenance team consisting mainly of engineers, technicians and operators (total of 25 people) 

B) Procurement-related departments such as procurement department, power generation manager, 
maintenance manager 

C) Safety management department 

D) Training division 

In the overhaul implementation, LEC didn’t only performed overhaul work, but also deepened 
understanding of the structure and role of each component, each work procedure. Regarding the 
overhaul period, it was foreseen from the preliminary investigation that the damage inside the 
engine would be large, so the period was set longer. For this reason, various uncovered issues were 
discovered, and flexible schedule were required, such as rearranging the process. The main 
implementation items are shown in Table 2-18. 

(2) Level of understanding and proficiency of LEC staff 

1) General power generation equipment 

A certain level of success has been achieved in improving LEC's skill through the training from 
manufacturer SVs and experts. For the LEC, this was the first time for regular overhaul, and it 
cannot be said that they mastered all the work perfectly in just this one time. However it deepened 
their understanding of work procedures. 

LEC disassembled, cleaned, and assembled the engine, generator, turbocharger, purifier, and other 
auxiliary equipment. Also, as mentioned above, many problems were found in this overhaul, so in 
addition to the usual 8,000 hours overhaul item, a lot of troubleshooting was also conducted. It was 
an opportunity to see actual troubles in actual equipment, and it deepened their understanding of 
abnormal conditions. 

In addition to the maintenance team, 8 operators also participated, deepening their understanding 
of the mechanism of the power plant and equipment, and using actual equipment with the 
maintenance team to learn how to respond when an alarm or a problem occur. It was an opportunity 
for the LEC staff to come to an understanding of each through the instruction from manufacturer's 
SVs not only about maintenance but also about operation. 

The degree of understanding and proficiency of the LEC is confirmed by the JICA Experts asking 
the LEC staff who received instruction from the SVs about the part names, work details, and points 
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in the work. JICA experts provided support to ensure understanding. 

As for the situation before the overhaul, the minimum necessary operations were performed, but 
there were many challenges as shown below. 

 Daily inspection and maintenance such as necessary parts replacement and drain check are not 
done 

 There is the lack of how to use special tools for disassembling power generation equipment 
 When an engine malfunction occurs, it is difficult to identify the cause and deal with it. 
 Filters are cleaned by themselves, but there is the lack of knowledge of cleaning frequency. 
 Electrical equipment has not been cleaned, such as dust accumulated in the panel 
 Not checking the quality of water and oil 
 The drain that should be drained regularly was not drained all the time and it was accumulated 

inside. 
 Spare parts are kept in boxes and not kept in stock 
 During disassembly, cleaning, and assembly, there were errors in the procedure and some parts 

were disassembled and placed around and left in operation without being reassembled. 

As described above, it is considered that there was a high risk of serious accidents due to working 
without knowledge and experience. 

2) Mechanical Facilities 

Regarding the degree of understanding after overhaul, the LEC can make the allocation for each 
work and basically the right person was assigned to the right place. Therefore, LEC understood 
well the outline, purpose of the work and general work flow. On the other hand, the detailed 
procedure instruction by the manufacturer’s SVs was needed due to lack of experience. Regarding 
the overhaul work of each component that are not required precision, LEC staff has been able to do 
the work on their own after instruction of the points of the each work. For the work which is required 
high precision the polishing work is done by the LEC, but the final confirmation by the SV is 
necessary for the work of rubbing parts together at a high level. From the above, it is necessary to 
continue to experience it repeatedly in the future to improve the understanding and skills. 

3) Electrical Facilities 

Due to the small number of electrical engineers, there was a lack of basic knowledge of electricity. 
Instructions were given to operators and others on regular cleaning inside the panel and how to 
measure the minimum resistance that should be measured. 

4) Inventory Management 

As for tools and parts, LEC organized warehouses and JICA Experts provided management 
guidance. After overhaul, LEC counted the number of tools and parts left in the warehouse one by 
one, and created and maintained an inventory card and an inventory list. There was also a review 
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of maintenance through inventory work. 

In addition, in order to borrow one cylinder head from EGTC in Sierra Leone during overhaul, the 
power generation manager and the maintenance manager of LEC visited the Kingtom power plant 
in Sierra Leone. At that time, LEC staff visited the power plant warehouse and learned that there 
was a position of warehouse keeper within the organization. 

5) Daily inspection and operation guidance 

Regarding daily maintenance, maintenance implementation is not compiled as a maintenance 
record, and it was not possible to check what kind of problems had occurred since the comissioning 
of operation of the power generation equipment, so guidance for maintenance records was provided. 

JICA Experts explained the importance of maintenance records for stable operation, sharing 
information among staff and preventing major accidents. In addition, among the defects found 
during routine maintenance, the items that were to be dealt with at the next overhaul implementation 
should be included in the overhaul items, and the necessity of cooperation with the procurement 
department was explained. Continuous guidance will be necessary, but at the ceremony after the 
ovrehaul, the CEO of LEC expressed his gratitude to the LEC staff for the smooth procurement 
procedures during the overhaul, It is believed that the LEC itself is aware of the importance of 
collaboration among departments. 

For daily maintenance, the operation log sheet currently used by LEC was checked, and JICA 
Experts instructed not only to record numerical values for temperature, pressure, etc., but also to 
plot them on graphs and observe trends. Also, it was confirmed during the overhaul that the drain 
was not being discharged at an appropriate frequency, so after the overhaul the drain management 
list has been organized. Since the drain list is covered almost all equipment, it will be possible to 
check such as the external appearance, abnormal sounds, odors, oil leaks, etc. without omission 
while checking the drain. 
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Table 2-18  Contents of practical training in pilot activities 
Item Plan Output Challenge toward implementation phase 

(1) Diesel engine body Disassemble the cylinder head of Unit 1 and 
2, clean each part such as fuel valve, starting 
air valve, indicator valve, intake/exhaust 
valve and valve seat, fuel injection test, 
nozzle replacement, etc. 

(1) Disassemble all cylinder heads of Units 1 and 
2, clean, disassemble, clean, and maintain 
valves 

(2) Replace 1 indicator valve of Unit 1 

(1) For the 12,000 hours and 16,000 hours 
overhauls, the same construction work as the 
plan on the left will be implemented. 

(2) Technical skill improvement of LEC 
personnel. 

 Replace, grind, and adjust the intake and 
exhaust valve and valve seats of Units 1 and 
2. 

(1) 6 exhaust valves of Unit 2 were blown out 
and replaced with new ones. 10 exhaust 
valves for Unit 1 were blown out and replaced 
with new ones. 

(2) Deformation of all exhaust valve seats in Unit 
2, O-ring burnout, carbonization, cracks, and 
water leakage. Replaced all (32 pieces). 

There were cracks in the 6 exhaust valve seats of 
Unit 1, and they were replaced with new 
ones. 

(3) One intake valve in Unit 2 was blown out and 
replaced with a new one. 

(4) All intake/exhaust valves, valve stems, and 
valve seats of Units 1 and 2, including those 
that were replaced with new ones, were 
reground on the seat surface and checked for 
contact. 

(1) For the 12,000 hours and 16,000 hours 
overhaul work, the same overhaul work as the 
plan on the left will be implemented. 

(2) Confirmation of the status of the intake and 
exhaust valves after 4,000 hours and 8,000 
hours of operation after this overhaul. 

(3) During the 16,000 hours overhaul, many 
valves and valve seats of intake and exhaust 
valves are expected to be replaced. It is 
necessary to confirm the quantity of 
replacement spare parts and purchase them 
in advance. 

(3) Technical skill improvement of LEC 
personnel. 

 Conduct visual inspection and color check of 
all diesel engine cylinder heads of Units 1 
and 2, and carry out effective maintenance 
as necessary. 

 (1) Conducted visual inspection, color check, 
and water pressure inspection for all cylinder 
heads of Units 1 and 2. 

(2) Two cylinder heads of Unit 2 had cracks and 
were replaced with new ones. 

(1) Conducted visual inspection, color check, and 
water pressure inspection for all cylinder 
heads of Units 1 and 2. 

(2) Check the condition of the cylinder head 
after 4,000 hours and 8,000 hours of 
operation after this overhaul. 

(3) Technical skill improvement of LEC personel 
 Overhaul and parts replacement of the fuel 

injection valves of Units 1 and 2. 
Replaced all No. 1 and 2 fuel valve nozzles and 
adjusted injection pressure. Replace all O-rings 
and gaskets 

(1) For the 12,000 hours and 16,000 hours 
overhauls, the same construction work as the 
plan on the left will be implemented. 

(2) Check the status of the fuel injection valve 
after 4,000 hours and 8,000 hours of 
operation after this overhaul. 

(3) Technical skill improvement of LEC personnel 
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Item Plan Output Challenge toward implementation phase 
 The pistons, piston pins, cylinder liners, and 

connecting rods of all diesel engine cylinders 
are removed, cleaned, inspected, and 
dimensionally measured. , maintenance of 
bearings, etc., and replacement of parts. 

(1) Removed pistons from all cylinders of Units 1 
and 2, and inspected cylinder liners, firing 
rings, pistons, piston rings, piston pins, piston 
pin bearings, connecting rods, crankpins, 
crankpin bearings, crankshafts, and main 
bearings. . 

(2) 7 piston pins of Unit 2 were rusted and 
corroded. It is recommended to replace after 
12,000 hours overhaul. 

(3) 6 connecting rods of Unit 2 are rusted and 
corroded, repaired and used continuously. 
However, it is recommended to replace after 
12,000 hours overhaul. 

(4) Replace piston rings and oil rings for all 
cylinders of Units 1 and 2. 

(5) Replace two fire rings of Unit 2. 

(1) Normally, the pistons are not removed 
during the 12,000 hours overhaul, but the 
removal of the piston is planned only for the 
cylinders where the piston pin and connecting 
rod are to be replaced. 

(2) Remove the piston after overhauling for 
16,000 hours. 

(3) Check the condition of the piston, piston pin, 
connecting rod main bearing, etc. after 4,000 
hours and 8,000 hours of operation after this 
overhaul. 

(4) Technical skill improvement of LEC personnel 

 Measure crankshaft journals, crankpins, and 
crank deflection of diesel engines. 

(1) Visual inspection of all crankpins of Units 1 
and 2 crankshafts. 

In addition, the crank deflection measurement 
was carried out, and it was confirmed that 
there was no abnormality. 

(1)Crank deflection measurement will be 
implemented at 12,000 hours and 16,000 
hours overhaul. 

(2) Check the condition of the crankshaft after 
4,000 hours and 8,000 hours of operation 
after this overhaul. 

(3) Technical skill improvement of LEC personnel 
 Inspect some main bearings as sample and if 

necessary, inspect other main bearings. 
(1) Disassembled two main bearings of Unit 2 

and carried out a visual inspection. Confirmed 
that there is no abnormality. 

(1) During the 12,000 hours and 16,000 hours 
overhauls, the main bearings will be 
inspected. 

(2) Confirmation of the condition of the main 
bearing after 4,000 hours and 8,000 hours of 
operation after this overhaul. 

(3) Technical skill improvementof LEC personnel. 
 Inspect some fuel injection pumps as sample,  

and if necessary, inspect other fuel injection  
pumps. 

(1) Disassembled, cleaned, and maintained all 
fuel pumps in Units 1 and 2, and confirmed 
that there were no problems. 

(1) At the 12,000 hours and 16,000 housr 
overhauls, the fuel pump will be inspected. 

(2) Confirmation of the status of the fuel pump 
after 4,000 hours and 8,000 hours of 
operation after this overhaul. 

(3) Technical skill improvement of LEC personnel 
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Item Plan Output Challenge toward implementation phase 
 Carry out a cleaning and inspection of the air 

cooler. Inspect the cooling pipes for damage, 
etc. 

(1) Cleaned the air side by immersing the air 
coolers of Units 1 and 2 in the cleaning tank. 

(2) Applied water pressure from the cooling 
water side and confirm that there were no 
leaks. 

(1) During the 16,000 hours overhaul, the air 
cooler will be cleaned and a water pressure 
test will be conducted. 

(2) Confirmation of the condition of the air 
cooler after 8,000 hours of operation after the 
overhaul. 

(3) Technical skill improvement of LEC personnel 
 The four turbochargers will be cleaned and a 

disassembly inspection including 
measurements will be carried out. 

(1) Disassemble, clean, and inspect the 
turbochargers of Units 1 and 2 (4 units in 
total). 

(2) The nozzles and blades of the two units on 
the No. 1 side were considerably damaged, 
but no abnormalities were observed. 

(3) The gas passage side of the two units of Unit 
2 was heavily soiled and corroded, and the 
nozzle ring and seat cover were replaced with 
new ones. 

(1) During the 16,000 hours overhaul, four 
turbochargers will be cleaned and inspected. 

(2) Check the status of the turbocharger after 
8,000 hours of operation after this overhaul. 

(3) Technical skill improvement of LEC personnel 

(2)Auxiliary 
equipment 
(purifier) 

 

Check the condition of purifiers, filters, 
heaters, viscosity adjusters, etc. of heavy oil 
fuel system equipment, and provide 
guidance on fuel property analysis and 
disassembly maintenance. 

(1) Disassembly, cleaning, inspection, and parts 
replacement for two HFO purifiers. 

(2) Check the status of HFO system viscosity 
adjusters, filters, heaters, etc., and provide 
guidance to LEC personnel. 

(1) During the 12,000 hours and 16,000 hours 
overhauls, the HFO purifier will be 
disassembled, inspected, and parts will be 
replaced. 

(2) Check the status of the HFO purifier after 
4,000 hours and 8,000 hours of operation 
after this overhaul. 

(3) Technical skill improvement of LEC personnel 
 Check the operation records of purifiers, 

filters, etc. of lubricating oil system 
equipment, analyze lubricating oil 
properties, give advice on sampling points, 
and provide guidance on disassembly and 
maintenance. 

(1) Disassembly, cleaning, inspection, and parts 
replacement for 3 LO purifiers. 
However, there is no replacement part for 
one LO Purifier, and it will be replaced. 

(2) Guidance to LEC such as LO cracking test 
method. 

(1) During the 12,000 hours and 16,000 hours 
overhauls, disassemble, inspect, and replace 
the LO purifier is planned. 

(2) Check the status of the LO purifier after 
4,000 hours and 8,000 hours of operation 
after this overhaul. 

(3) Technical skill improvement of LEC personnel 
 Check the operation records of the tank, 

pump, radiator, etc. of the cooling water 
system and the condition of the cooling 
water, and give instructions on 
disassembling and repairing the pump, 

(1) Cleaning of cooling water radiators and 
tanks, inspection of cooling water pumps, and 
replacement of parts. 

(2) Guidance on the use of anticorrosive agents 
for cooling water 

(1) During the 12,000 hours and 16,000 hours 
overhauls, the cooling water radiator and 
tanks will be cleaned, the cooling water 
pumps will be inspected, and parts will be 
replaced as necessary. 
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Item Plan Output Challenge toward implementation phase 
cleaning the expansion tank, replacing the 
cooling water, and adding anti-rust agent. 

(3) Follow up the work of LEC personnel. 

(3) Generator 
 

The generator will be inspected according to 
the manufacturer's 8,000 hours maintenance 
guidelines. 

Conducted all the items described in the 
manufacturer's maintenance guidelines. 

 

(4) Generator Control 
Panel 

Inspect the generator control panel. Conducted everything from cleaning to checking 
the alarm operation. 
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2-2-4 Classroom training (second session) 

The second classroom training was held in March 2023 after 8,000 hours of maintenance. Table 2-19 
shows the contents of the lectures. (1) Strengthening of daily maintenance and inspection capabilities, 
(2) Consideration of 8,000 hours maintenance. It was a practical content combined with a 
demonstration. A total of 24 people participated, including maintenance managers, 11 mechanical 
engineers, 3 electrical engineers, and 9 operators. 

During the 8,000 hours of maintenance, a defect leading to a serious accident was confirmed in Unit 2, 
and all the participating LEC employees had the intention not to make the same mistake, making the 
classroom training livelier than the first time. . During the classroom lectures, many questions and 
answers were exchanged until the training time was over. It was decided to sprout in each electrical 
team. In the next and subsequent phases, it is desirable to further improve accident response technology 
and improve the level of electrical control technology. 

Table 2-19  Contents of classroom training in pilot activities (second) 

Item Plan Output Challenge toward the 
Core Activity 

Second session 
Daily inspection patrol, 
daily maintenance 

Daily inspection check, patrol 
check detailed procedure, daily 
maintenance check manual 

Not completed (scheduled 
for February 2023) 

Daily, monthly, annual 
inspection schedule 
formulation and 
implementation 

troubleshooting Understanding of major 
troubles, handling procedures 
for major and minor troubles, 
JICA No. 2 trouble analysis 

Not completed (scheduled 
for February 2023) 

Alarm factor analysis, 
establishment of alarm 
treatment skill 

Engine performance 
maintenance management 

Objectives of Engine 
Performance Tests, Record 
Tables, Records and Data 
Evaluation 

Not completed (scheduled 
for February 2023) 

Understanding and 
establishing engine 
performance test content 

Lubricating oil, fuel oil and 
water quality maintenance 
management 

Comparison of lubricating oil 
and fuel oil specifications, 
property analysis, maintenance 
of control standards 

Not completed (scheduled 
for February 2023) 

Understanding and 
establishment of lubricating 
oil, fuel oiliness, and water 
property management 
details 

Preparation of maintenance 
manual 

Updating the manual for the 
1st classroom training 

Not completed (scheduled 
for February 2023) 

Construction of manual 
maintenance management 
system 

Future maintenance 
planning 

Maintenance plan, system etc., 
after 12,000 hours 
maintenance 

Promote understanding of 
each overhaul inspection 
and maintenance parts that 
need to be arranged 

Implementation system, 
implementation of budget 
management 

On-site practical training Thorough safety management 
using operation slips and safety 
tags when inspecting 
machinery and electrical 
equipment. Inspection of the 
B4 cylinder, which was the 
most damaged among the Unit 
2 cylinders. Guidance on 

Further improvement of 
understanding through daily 
inspection and disassembly 
inspection guidance on 
actual equipment. 

Preparing the manual and 
makes it routine of 
inspection procedures 
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Item Plan Output Challenge toward the 
Core Activity 

inspection procedures using 
stethoscopes, radiation 
thermometers, and remote 
hand mirrors for early 
detection of engine and 
auxiliary machine malfunctions. 
Guidance on how to measure 
vibration and determine 
vibration abnormalities. On-site 
guidance for engine 
performance management, oil 
and water quality management. 
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Chapter 3  Issues, ingenuity and lessons learned in implementation of 
detailed planning phase 

3-1 Issues, ideas and lessons learned in detailed planning phase 

3-1-1 Confirmation of future operation policy for diesel engines 

The future operation policy for JICA power plant is an important matter that greatly affects the schedule 
and content of detailed planning. JICA Experts collected information such as the development status 
of the power system. 

After the detailed plan was formulated, operation policy for JICA power plant was changed due to 
reasons such as soaring fuel costs. The policy has been changed to supply large customers from JICA 
power plant. In this way, there is a possibility that the operation policy will change in the future due to 
fuel costs and external factors, so it is necessary to pay attention to it by exchanging information with 
the LEC. 

3-1-2 Understanding the training needs of LEC staffs 

The original plan was to formulate a detailed plan before the pilot activity, but it was implemented as 
a pilot activity in order to accurately grasp the training needs by confirming the technical level of the 
LEC staff and the current state of the LEC organization. Detailed planning was carried out after 8,000 
hours of maintenance. As a result, in addition to reflecting technical training needs in the plan, it 
became possible to formulate a plan in accordance with the actual situation in terms of organization, 
such as preparation of various manuals. 

In addition, due to travel restrictions due to the COVID-19, JICA Experts collected information online 
and obtained a certain amount of results, but it was essential to conduct an on-site survey to understand 
the actual situation. 

3-1-3 Spare parts management and budget measures 

Regarding the procurement of spare parts, etc., a detailed examination was carried out by confirming 
the LEC's financial status and business operation status, as well as whether appropriate budgetary 
measures are possible. As a result, it has been confirmed that the financial situation is in a severe crisis, 
and commercial losses such as power theft have affected management. In order to improve this situation, 
LEC is promoting measures such as installing power meters, and it was confirmed that as of March 
2023, commercial losses have been reduced from 40% to 30%, and certain results have been obtained. 
In addition, it was confirmed at JCC meeting that maintenance costs for spare parts for JICA's power 
plant will be budgeted from income from power sales to the large customers. 

Regarding budgetary measures, JICA Experts explained the necessity of midium-term and long-term 
maintenance plans and proposed budget leveling measures in preparation for future large-scale 
overhaul implementation. A specific midium-term to long-term maintenance plan will be formulated in 
the implementation phase. 
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In addition, regarding inventory management of spare parts and tools, it was confirmed that the 
management ledger was inadequate and the inventory card was not maintained, and this was reflected 
in the activity plan. 

3-2 Issues, ideas and lessons learned from pilot activities 

3-2-1 Remote technical support 

During the period when JICA Experts could not travel due to the impact of COVID-19, JICA Experts 
provided remote technical support related to the maintenance and management of power plant based 
on the LEC's operation records. The results of the analysis were explained at an online meeting, and 
necessary measures were taken in consultation with the LEC. When analyzing the operation records, 
appropriate analysis was conducted with the cooperation of the engine manufacturer, IHI Power 
Systems. In addition to the analysis of operation records, guidance on preparing a checklist of 
equipment and review the operation record form were provided. 

As for issues, as it was an attempt before the on-site activities and the lack of understanding of the 
skills of the LEC side, the points pointed out by the experts were not fully reflected due to the 
limitations of online explanations. An attempt was made to explain using supplementary materials. For 
some issues, direct guidance was provided on-site. 

3-2-2 Classroom training 

The technical challenges of the LEC are detailed in Chapter 2, and the issues, innovations, and lessons 
learned from the implementation and management are shown below. 

A) Lectures focused on two-way communication 

In order to confirm the level of understanding on the LEC side, instead of a one-way explanation from 
the expert, the level of understanding was confirmed by the question from the expert, and if LEC staff 
did not understand, a more in-depth explanation was given. Through this communication, LEC 
participants began to actively ask questions, and the level of understanding of the training was deepened. 

In addition, a questionnaire survey was conducted at the first classroom lecture to understand the needs 
of the training, which was reflected in the content of the second training, such as trouble shootings and 
daily maintenance management. 

B) Training with guidance using actual machines 

In addition to classroom lectures using materials, explanations and guidance using actual equipment in 
the plant were also given. This has led to an improvement in the degree of comprehension by 
confirming the content that has been understood in the lecture on the actual machine. It is well received 
by the LEC side, and JICA Experts propose to continue the same method in the implementation phase. 

In addition, an introduction of the safety tag system using operation command slips (safe operation) 
and practical guidance using safety tags, an introduction of a parts management system that manages 
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replacement parts required for inspection, and daily patrols. LEC deepened understanding how to do 
it, how to store the tools by explaining the management method at an actual plant. 

C) Preparation and update of various manuals and maintenance materials 

The LEC does not have their own manuals related to maintenance and management, such as work 
standards for overhaul of each equipment and checklists for daily inspection patrols. Since it was 
considered difficult for the LEC to develop the system from scratch, drafts of work standards and daily 
inspection checklists were provided to the LEC as training materials, and the contents were explained 
in the classroom training. Since the pilot activities in this phase were limited to the explanation of the 
contents, in the implementation phase, it is necessary to update the materials according to the operation 
of the engine and to conduct training through actual operation. 

D) Online classroom training for electrical facilities 

Due to the impact of the nCOVID-19, the electrical expert of JICA could not travel to the site, so an 
online classroom training was conducted. Other JICA Experts also provided support at the site. JICA 
Experts tried the best, but it was difficult for the electrical experts to understand how the participants 
were doing from Japan, and it was difficult to answer the questions with illustrations. Direct training 
at the site is considered to be more effective in terms of confirming the understanding of the LEC side 
and providing detailed explanations using actual equipment and drawings. In the implementation phase, 
face-to-face classroom training is expected. 

3-2-3 Practical Training 

A) Implementation Planning 

For a practical training, 4,000 hours maintenance was initially expected as a pilot activity, but the 
content was changed to 8,000 hours maintenance due to the postponement of travel due to the influence 
of the COVID-19. Since it was discovered that water had entered the combustion chamber of the engine 
before overhaul, it became necessary to change the plan repeatedly. Through discussions with the LEC, 
JICA Experts grasped the status of the engine and the auxiliaries, and after repeated discussions with 
the manufacturer's engineers regarding processes, etc., JICA Experts proposed the procurement of 
necessary additional parts and process changes. In this phase, the planning was mainly carried out by 
JICA Experts due to the limited preparation period, but in the implementation phase, the LEC side will 
be able to take the lead in formulating the plan. Further training for planning is required in the next 
step. 

In addition, the procurement of spare parts and tools, as well as the costs of dispatching manufacturers' 
engineers, should have been borne by the LEC. In this phase, budget measures for maintenance costs 
such as the medium- to long-term maintenance plan have been explained to the LEC. 

B) Schedule Management 

In the 8,000 hours maintenance, discovered work was assumed before implementation of the overhaul, 
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and two options for overhaul schedule were prepared in advance. As the construction proceeded, a 
number of uncovered trouble shooting actually occurred, and it became necessary to revise the process. 
The overhaul work was completed successfully with smooth schedule revising. 

The period of the overhaul was planned with consideration given to ensuring sufficient time for training 
to LEC. For the next and subsequent overhauls, it is necessary to plan with ample time to spare in order 
to avoid being overwhelmed by the overhaul schedule and not being able to allocate time for training 
or making the work messy. 

In terms of process management, the process chart attached in Attachment 2 was used to manage 
progress and share information with LEC and manufacturer engineers. JICA Experts and LEC held 
weekly progress management meetings with the LEC to share issues with the LEC personnel, including 
the power generation manager, leading to smooth implementation. In the implementation phase, the 
LEC side will be required to improve its process management ability as a system in which the LEC 
side will lead the planning the process management. 

C) Responding to discovery work 

As mentioned above, during the 8,000 hours maintenance, there were many uncovered works, and 
countermeasures were required each time. Regarding process changes, experts and manufacturers' 
engineers consulted with LEC, and LEC took the initiative in procuring necessary parts, with experts 
providing appropriate support. The overhaul work completed without delay. 

In particular, when it became necessary to procure new parts due to cracks in the cylinder head, it was 
difficult to meet the construction schedule for marine transportation, and high transportation costs were 
incurred for air transportation. JICA Experts intervened with the Sierra Leone Electric Power 
Corporation (EGTC), since EGTC owns the same model engine, and EGTC was able to borrow the 
stock of the cylinder head. In addition, collaboration with EGTC, which had not been exchanged before, 
began from this opportunity. It is also planned to dispatch LEC engineers to the EGTC's 24,000 hours 
overhaul for training purposes from April 2023. Active exchanges between the LEC and EGTC are 
expected to promote technological improvements and strengthen cooperation between them, and 
contribute to the stable power supply in both countries. 

 

D) Safety measures 

During the maintenance period, the LEC stationed a safety manager from the safety management 
department to ensure that safety gears such as helmets, safety vests, and safety shoes were worn. In 
addition, a safety meeting (TBM: Tool Box Meeting) was held every morning to confirm possible 
hazards that could occur during the day's work and how to deal with them. 

At the end of work, LEC cleaned the powerhouse every day, and removed oil from the floor in order to 
prevent fires and falls, and put tools back where they were. 
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When working at heights, the safety staff fitted the staff with harnesses. The head of the safety 
department made unannounced visits to the site on a regular basis to check the situation and conduct 
hearings. An alcohol check was also conducted unannounced. In this way, safety management was 
thorough. 

The JICA experts explained the precautions to be taken when working with cranes, and urged safety 
by exemplifying accident case information. In the event of unforeseen work, JICA Experts ensured that 
the safety management of the work content was thoroughly confirmed by the relevant personnel prior 
to the start of the work, and thoroughly prevented accidents due to miscommunication and lack of 
understanding. 

Regarding safety management, the LEC has a high level of awareness, and it is expected that work will 
be carried out under appropriate safety management through similar measures in the implementation 
phase. 
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Chapter 4  Results of detailed planning phase work and 
recommendations for technical cooperation projects 

The results for Outputs 1 to 3 up to the detailed planning phase are shown below. Outputs 1 to 3 are 
the targets of the entire project. 

4-1 Results and Recommendations of the Detailed Planning Phase for Output 1 

Output 1: Engineers and Technical staff improve skills for regular O&M works of diesel generator. 
A) Generator system 

Related outcome is as follows; 

 Acquisition of the basics through classroom training on the configuration of power generation 
equipment, the role of each component of equipment, the structure, etc. 

 Improved understanding of the power generation system through overhaul work during 8,000 
hours overhaul training 

In the first classroom training session, lectures were given on the composition of power plant, the role 
of each piece of equipment, the structure, etc., and the LEC engineers in the maintenance and operation 
departments improved their understanding of each component of equipment and the generation system. 
In addition, they deepened their understanding of the structure through 8,000 hours of maintenance. 

In particular, there is still some space for improving their understanding regarding the control system 
of power plant, and technical improvement is required in the implementation phase. 

B) Regular operation and maintenance 

Related outcome is as follows; 

 Basic understanding of maintenance work 
 Development of maintenance manuals and understanding of the necessity of operation 

management based on maintenance management standards 
 Understanding the basics of daily inspection 
 Basics of daily inspection check points and daily maintenance check points 
 Understanding the purpose and method of engine performance tests 
 Property analysis and maintenance of lubricating oil and fuel oil 
 Confirmation of fuel switching conditions during HFO operation 

In the 1st classroom training, a lecture was given on the basics of maintenance management, and in the 
2nd classroom training, a training centered on daily maintenance was conducted, and the LEC side also 
understood the required level. Regarding the operation of checklists in routine maintenance, it is 
necessary to improve in the implementation phase. 
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As for the HFO operation, the operation was started before the project started, and no major problems 
were observed in terms of operation. However, there are issues such as not checking the fuel properties. 
Therefore, the continuous training is required in the implementation phase to improve operational skill. 

4-2 Results and Recommendations of the Detailed Planning Phase for Output 2 

Output 2: Enginerrs and technical staff acwuire know how and practical skills of trouble shooting of 
diesel generator. 
A) Trouble shooting of HFO operation 

Related output is as follows; 

 Basic understanding of troubles during HFO operation through classroom training 
 Understanding the structure and troubleshooting through regular maintenance of HFO purifiers 

It was confirmed that one purifier for HFO was out of order before the overhaul and had not been 
repaired. It has been reported that troubles with purifiers occur frequently, and it is necessary to provide 
training on how to deal with troubles during the implementation phase as well as to improve skills 
through actual troubleshooting. 

B) Other trouble shooting 

Related output is as follows; 

 Understanding major failure cases and countermeasures 
 Analysis of past failures of JICA plant and understanding of countermeasures 
 Understanding how to deal with major and minor failures 
 Analyzing the troubles of Unit 2 through 8,000 hours overhaul, and understanding preventive 

measures 

The biggest problem confirmed in this phase was water intrusion into the engine combustion chamber, 
The training related to analysis and necessary countermeasures was carried out during the overhaul. It 
is seems that this trouble could have been prevented if appropriate measures had been taken when the 
abnormal rise in exhaust gas temperature was detected, hence, continuous training is required in the 
implementation phase. 

4-3 Results and Recommendations of the Detailed Planning Phase for Output 3 

Output 3: Engineers and technical staff acquire knowledge and skills for preventive maintenance and 
methodologies for sustainable power supply 
A) Formulation of plans for preventive maintenance and regular maintenance 

Related output is as follows; 

 Basic understanding of regular maintenance planning 
 Understanding the necessity of formulating medium- and long-term maintenance plans 
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 Confirmation of the outline of the next 12,000 hours maintenance plan, budget measures, system, 
etc. 

Since LEC does not have an existing regular maintenance plan, a lecture on the basics of planning was 
given in the pilot activity, and a draft maintenance plan was presented to prepare for future operation. 
It is required that the actual implementation of the plan is started in the implementation phase, and that 
the plan is properly formulated and managed. 

JICA Experts also explained the necessity of developing a medium- to long-term maintenance plan, 
and obtained the understanding of the LEC. In the implementation phase, a medium- to long-term 
maintenance plan will be formulated, and improvements in budget measures are expected. 

B) Implementation of preventive maintenance and regular maintenance 

Related output is as follows; 

 Understanding the purpose and necessity of work standards 
 Understanding the overview of the periodic overhaul checklist and how to use it 
 Understanding work items and procedures for 8,000 hours maintenance overhaul 
 Acquisition of each work through 8,000 hours overhaul 
 Confirmatino of the procedure and precautions for the next 12,000 hours overhaul 
 Understanding the outline of the periodic overhaul inspection record and how to use it 

8,000 hours maintenance was conducted as practical training. A certain level of success has been 
achieved in improving LEC staff skills through the training from manufacturer’s SVs and JICA Experts. 
For the LEC, it was the first time for regular maintenance to be performed. It cannot be said that all the 
work was completely mastered in just this one time, but they deepened understanding of work 
procedures. 

There are new work items for 16,000 hours, 24,000 hours, and 32,000 hours maintenance, and it will 
be necessary to improve technical skills related to maintenance in order to acquire advanced skills. 

LEC does not have a work procedure manual for overhaul inspection, etc., so JICA Experts did a lecture 
in the pilot activity and presented a draft work procedure manual. In the implementation phase, it is 
necessary to update the manual and start using the manual in line with the operation of the LEC. 

In addition, inventory management of parts and tools will be reviewed under the advice of experts in 
this phase, and further improvement in the implementation phase will be required. 
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4-4 Summary of experts' evaluation of LEC's understanding of detailed planning phase 
operations 

Table 4-1 summarizes the expert's evaluation of the level of understanding of the LEC in the detailed 
planning phase work. 

Table 4-1  Evaluation by JICA Experts of LEC understanding of detailed planning phase work 
Item Contents Evaluation of technical level improvement 

Daily 
operation 

Daily inspection schedule and 
preparation of patrol record 

A check sheet for daily inspections is being developed based on 
classroom training. Careful examination of inspection items is 
necessary based on the operation system and facility situation of the 
power plant. 

Troubleshooting for abnormal 
temperature and pressure based 
on the engine operation record 

Less recognition of engine control values and operating limit values. 
It is necessary to provide technical support for equipment 
abnormality judgement and improvement of treatment capabilities, 
maintenance operation record. And raise awareness of equipment 
maintenance from a “preventive” maintenance perspective. 

Generator operation, System 
operation, Electrical accident 
treatment 

The level of knowledge about electrical equipment is not enough, 
and it is difficult to deal with troubles. In particular, it is necessary to 
improve the understanding of protection equipment and system. 

Diesel 
engine 
generator 
operation 

Management of fuel, lubricating 
oil, and cooling water 

Through the classroom training, a certain degree of understanding of 
the purpose and importance of property management has been 
gained. It is necessary to formulate clear management standards and 
management methods. 

Engine performance management Daily engine performance management is important from the 
viewpoint of understanding the trouble signs, raising awareness of 
plant operating costs based on fuel consumption management. It is 
necessary to formulate specific management standards. 

Daily 
maintenance 

Preparation of 
Daily/Monthly/Yearly 
maintenance plan 

Since there was no basic inspection plan and it was a post-
maintenance after failure occurred, the classroom training deepened 
the understanding of the inspection schedule and the needs to 
formulate items. Further training is necessary to formulate a specific 
plan. 

Periodical 
maintenance 

Maintenance parts and spare 
parts management 

The inventory work skill is improved through 8,000 hours 
maintenance. It is necessary to update the spare parts management 
ledgers prepared in the detailed planning phase, and to establish the 
work such as collecting records and assign personnel. 

 Periodic maintenance plan, 
improvement of maintenance skill 

In the classroom training, the planning, budget planning and spare 
parts procurement methods for periodic inspection was lectured. 
Building an organizational structure is required to improve 
governance, including LEC budgetary measures. For the current 
technical ability, LEC staffs can do such as the fuel injection valve 
inspection. Classroom training and practical training is required so 
that LEC can finalize the maintenance manual and get the skill for 
inspection of such as intake/exhaust valve and cylinder head. 

 Improving regular maintenance 
capabilities for electrical 
equipment 

Deepened understanding of basics of electrical equipment 
maintenance. About 10 years have passed since the installation of 
the electrical equipment, and there will be the necessity to replace 
to new ones. It is necessary to formulate equipment renewal 
standards and inspection procedures before the 12,000 hours 
inspection. 

Based on the results of the evaluation, Table 4 2 shows the content that is required to be strengthened 
in the implementation phase, "basic skill establishment period" and "basic skill establishment and 
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advanced skill acquisition period". 

Table 4-2  Capacity building items in the implementation phase 

Schedule 

FY 2023 FY 2024 FY 2025 

Basic technic establish period 
Technic establish and 

Advanced technics  develop 
period 

Daily Operation 

 Preparation of daily 
inspection check sheet 

 Preparation of Engine 
operation record 

 Trouble shooting manual 
and technics improvement 

 Improvement of generator 
and system protection 
technology 

 Electrical accident 
handling training 

 

 Finalization of daily 
inspection check sheet 

 Finalization of the 
engine operation record 

 Engine trouble shooting 
training 

Engine 
Operation 

 Preparation of fuel oil 
management standards 

 Preparation of lubricant 
management standards 

 Improving understanding 
of engine performance 
tests using actual 
equipment 

 

 Development of engine 
management standards 
and performance test 
manuals 

 Establishment and 
operation of water 
quality management 
standards and 
improvement of 
techniques for water 
quality measuring 
instruments 

 Development of engine 
performance 
management standards 
and improvement of 
cost awareness 

Daily 
maintenance 

Daily inspection and 
maintenance work plan and 
extraction of items (including 
major auxiliary equipment) 

Test operation of daily 
inspection and maintenance 
work plan and procedure 
manual (including major 
auxiliary equipment) 

Finalization of daily 
inspection and maintenance 
work plan and procedure 
manual 

Periodical 
maintenance 

Preventive maintenance, engine, 
periodic maintenance of 
electrical equipment 

Development of parts and spare 
parts management standards, 
plan adjustment by the 
manufacturer and LEC, 
maintenance plan, formulation 
of renewal standards 

Technical improvement 
related to instrument 
calibration and protective 
device characteristic test, 
Finalization of regular 
maintenance standards, 
manuals and procedures. 
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Chapter 5 Next Activity Plan 

5-1 Object and Contents 

Overhaul maintenance will be carried out for 12,000 hours as a "basic skill establishment period" to 
review and establish the items implemented in the 8,000 hours maintenance. After that, 16,000 hours 
of overhaul maintenance will be carried out as a "basic skill establishment and advanced skill 
acquisition period", and in addition to the 8,000 hours of overhaul items, understanding of new major 
maintenance items will be deepened. 

As a result of full-scale activities, although it is not possible to acquire all the skill related to overhaul 
maintenance, it is possible to plan and budget for overhaul maintenance appropriately, and LEC will 
get to be able to carry out overhaul maintenance on their own with the support of the manufacturer's 
SV. In addition, in terms of daily maintenance management, inspection checks, patrol checks, periodic 
parts replacement, etc. are properly implemented, and in case of trouble appropriate troubleshooting 
will be implemented, with the support of the manufacturer. 

5-2 Implementation System 

Follow the system established in the pilot activities described in 4-1-2. 

5-3 Implementation Schedule 

Although it depends on the operating hours of the power plant, in this study, the implementation 
schedule was formulated based on the assumption that the plant will operate for about 4,000 hours per 
year, while also referring to the interviews with LEC. 

Table 5-1  Draft schedule of implementation stage 
■Basic skills establishment stage 
Before 12,000 hours OH (OH 2 months before) Inventory confirmation of spare parts and tools 

(OH 1 month before) Lecture 
12,000 hours OH (Starting in August 2023) 12,000hours OH implementation 
After 12,000 hours OH (2 months after OH) Lecture 
■Technique establishment and advanced skill acquisition stage 
Before 16,000hoursOH (OH 4 months before) Inventory check of spare parts and tools 

(OH 1 month before) Lecture 
16,000hoursOH (Starting in August 2024) 12,000hours OH implementation 
After 16,000hoursOH (3 months after OH) Lecture 

5-4 Curriculum 

Table5-2 shows the curriculum (draft) for the implementation stage of core activity. 
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Table 5-2  Curriculum of Core Activity 

Stage 
Implementation 

Period 

Mechanical Equipment Electrical Equipment 
Subject of 
Instruction 

Item Achievement Goal 
Subject of 
Instruction 

Item Achievement Goal 

Basic skills 
establishment 
Stage 

Before 12,000 
hours OH 
(Classroom 
training) 

Operation 
manager, 
Operator, 
maintenance 
manager, 
Foreman 

Understanding the 
operation situation 
 

Understanding Log 
Data 
Practice of Engine 
Performance Test 

maintenance 
manager, 
Foreman, 
Engineer 
(electrical), 
operator 

Basics of sequence 
circuits 
relay sequence 
logic sequence 

Understanding 
various sequences 

Understanding the 
trouble situation 

Creation of 
maintenance record 
sheet 

Power plant 
sequence diagram 
MCC 
generator control 

Understand basic 
control behavior 

12,000 hours OH 
Plan 

Created based on 
the manufacturer's 
plan 

Preparation of 
inspection sheet 
for heavy failure 
items 

Read inspection 
points from the 
sequence diagram 

Necessary spare 
parts confirmation 

Create necessary 
spare parts list 

Necessary spare 
parts confirmation 

Create necessary 
spare parts list 

Necessary spare 
parts purchase 
arrangement 

Budget measures 
and ordering/receipt 

Necessary spare 
parts purchase 
arrangement 

Budget measures and 
ordering/receipt 

Necessary tools 
confirmation 

Matching the actual 
item with the list 

Confirmation of 
necessary tools 

Matching the actual 
item with the list 

Work Organization 
Planning 

Organization chart 
preparation 

Work organization 
plan 

Create a staffing table 

12,000 hours 
OH 

Maintenance 
manager, 
Foreman, 
Engineer, 
Technician 

Confirmation of OH 
implementation 
plan  

Revision of OH plans Foreman, 
Engineer 
(Electrical), 
operator 

Operation check of 
heavy failure items 

Understanding the 
sequence via practical 
work 

Confirmation of OH 
work item 

Classroom materials, 
instruction manuals, 
etc. 

Confirmation of OH 
work item 

Classroom materials, 
instruction manuals, 
etc. 

Confirmation of 
work organization 

Organization chart 
revision 

Confirmation of 
work organization 

Organization chart 
revision 

12,000 hours OH 
implementation 

Acquisition of OH 
work skills 

12,000 hours OH 
implementation 

Acquisition of OH 
work skills 
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Stage 
Implementation 

Period 

Mechanical Equipment Electrical Equipment 
Subject of 
Instruction 

Item Achievement Goal 
Subject of 
Instruction 

Item Achievement Goal 

Recording of OH 
work 

Create OH 
implementation 
record 

Recording of OH 
work 

Create OH 
implementation 
record 

Spare parts 
delivery record 

Spare parts 
inventory update 

Spare parts 
delivery record 

Spare parts inventory 
update 

Consumable tool 
record 

Tool list update Consumable tool 
record 

Tool list update 

After 12,000 
hours OH 
(Classroom 
training) 

Operation 
manager, 
Operator 

Daily inspection 
record 

Daily, monthly, 
annual inspection 
schedule 
formulation and 
implementation 
Fill in the daily 
inspection record 
table 
Practice of Engine 
Performance Test 

Operator Confirmation of 
implementation 
status of daily 
inspection and 
cleaning 

Update of inspection 
list 
Update of the work 
manual  

Daily maintenance 
work 

Fill in the 
maintenance record 
sheet 
Updating work 
standards 

Daily maintenance 
work 

Fill in the 
maintenance record 
sheet 
Updating work 
standards 

Operation record Log data recording 
and analysis 

Trouble record Fill in the 
maintenance record 
sheet 

Trouble record Fill in the 
maintenance record 
sheet 

16,000 hours OH 
plan 

Understanding the 
key points of the 
16,000 hours OH plan 
flow 

Medium- and long-
term maintenance 
plan formulation 
16,000 hours OH 
planning 

Formulation of 
medium-term 
maintenance plan up 
to 32,000 hours OH, 
budgetary measures 
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Stage 
Implementation 

Period 

Mechanical Equipment Electrical Equipment 
Subject of 
Instruction 

Item Achievement Goal 
Subject of 
Instruction 

Item Achievement Goal 

Understanding the 
key points of the 
16,000 hours OH 
plan flow 

Technique 
establishment 
and advanced 
skill 
acquisition 
Stage 

Before 16,000 
hours OH 
(Classroom 
training) 

Operation 
manager, 
Operator, 
Maintenance 
manager 

Understanding the 
operation situation 
 

Understanding and 
analyzing log data 
Practice of Engine 
Performance Test 

Maintenance 
manager, 
Foreman, 
Engineer 
(Electrical), 
Operator 

Preparation of 
inspection sheet 
for light failure 
items 

Create an inspection 
sheet 

Understanding the 
trouble situation 

Update maintenance 
record sheet 

Understanding the 
trouble situation 

Update maintenance 
record sheet 

16,000 hours OH 
Plan 

Prepared by LEC 
based on the 
manufacturer’s plan 

16,000 hours OH 
planning 

Prepared by LEC 
based on the 
manufacturer’s plan 

Necessary spare 
parts confirmation 

Necessary Spare 
Parts List will be 
prepared by LEC 

Necessary spare 
parts confirmation 

Necessary Spare Parts 
List will be prepared 
by LEC 

Necessary spare 
parts purchase 
arrangement 

Budget measures 
and ordering/receipt 

Necessary spare 
parts purchase 
arrangement 

Budget measures and 
ordering/receipt 

Necessary tools 
confirmation 

Matching the actual 
item with the list 

Necessary tools 
confirmation 

Matching the actual 
item with the list 

Work Organization 
Planning 

Organization chart 
preparation 

Work Organization 
Planning 

Organization chart 
preparation 

16,000 hours 
OH 

Maintenance 
manager, 
Foreman, 
Engineer, 
Technician 

Confirmation of OH 
implementation 
plan  

Revision of OH plans Foreman, 
Engineer 
(Electrical), 
Operator 

Operation check 
for heavy and light 
failure items 

Establishment of 
inspections based on 
inspection sheets 

Confirmation of OH 
work item 

Classroom materials, 
instruction manuals, 
etc. 

OH work content 
confirmation 

Classroom materials, 
instruction manuals, 
etc. 

Confirmation of 
work organization 

Organization chart 
revision 

Confirmation of 
work organization 

Organization chart 
revision 

16,000 hours OH 
implementation 

Acquisition of OH 
work skills 

16,000 hours OH 
implementation 

Acquisition of OH 
work skills 
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Stage 
Implementation 

Period 

Mechanical Equipment Electrical Equipment 
Subject of 
Instruction 

Item Achievement Goal 
Subject of 
Instruction 

Item Achievement Goal 

Recording of OH 
work 

Create OH 
implementation 
record 

Recording of OH 
work 

Create OH 
implementation 
record 

Spare parts 
delivery record 

Spare parts 
inventory update 

Spare parts 
delivery record 

Spare parts inventory 
update 

Consumable tool 
record 

Tool list update Consumable tool 
record 

Tool list update 

After 16,000 
hours OH 
(Classroom 
Training) 

Operation 
manager, 
Operator 

Daily inspection 
record 

Daily, monthly, 
annual inspection 
schedule 
formulation and 
implementation 
Fill in the daily 
inspection record 
table 
Practice of Engine 
Performance Test 

Operator Daily inspection 
record 

Proper 
implementation 
according to work 
procedures 

Daily maintenance 
work 

Fill in the 
maintenance record 
sheet 
Updating work 
standards 

Daily maintenance 
work 

Fill in the 
maintenance record 
sheet 
Updating work 
standards 

Operation record Log data recording 
and analysis 

Trouble record Fill in the 
maintenance record 
sheet  

Trouble record Fill in the 
maintenance record 
sheet 

  

Medium- and long-
term maintenance 
plan formulation 
 

Formulation of 
medium-term 
maintenance plan up 
to 32,000 hours OH, 
budgetary measures 
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5-5 Formulation of medium- to long-term maintenance plan (draft) 

The medium to long-term maintenance plan (draft) for the JICA power plant is shown below. The 
medium- to long-term maintenance plan will be finalized in consultation with the LEC in the full-scale 
phase. 

5-5-1 Object and Contents 

The LEC has not formulated a medium- to long-term maintenance plan for JICA's power plant, and is 
required to formulate a maintenance plan as soon as possible in order to secure a budget for medium- 
to long-term maintenance. Organize the necessary spare parts, tools, consumables, and SV dispatch 
costs by 32,000 hours, formulate a maintenance plan, and secure the necessary budget after examining 
budget leveling. Assuming that the plant will operate for 4,000 hours every year, 32,000 hours will be 
six years later. 

Table 5-3  Overhaul Work Items 

 

5-5-2 Schedule 

Table5-4 shows the proposed schedule for formulating a medium- to long-term maintenance plan for 
the Bushrod Power Plant. Conduct surveys and preparations for formulating medium- to long-term 
maintenance plans in the detailed planning phase. At this stage, the parts and equipment required for 
maintenance up to 32,000 hours will be sorted out and the approximate cost will be confirmed. 

In the full-scale phase, based on the operation status and plans of JICA's power plant, budget leveling, 
etc. will be examined, and the budget to be secured for each year will be clarified and reflected in the 
LEC's budget plan. 

  

Inspection D3 Inspection
Intervals 24,000 hours
Details

Performance testPerformance test Performance test Cylinder head open

Oil purifier inspection/cleaning Cylinder head open Oil purifier inspection/cleaning Economizer Oil purifier inspection/cleaning

Fuel injection valve inspection

Crank shaft inspection Lube oil cooler Crank shaft inspection Tanks, Lube oil change Crank shaft inspection

Fuel injection valve inspection Water coolers Fuel injection valve inspection Pumps, Coolers

Exhaust valve inspection
Air intake valve inspection Cooling water pumps Performance test Air intake valve inspection Gear mechanism Air intake valve inspection
Exhaust valve inspection Gear mechanism Oil purifier cleaning Exhaust valve inspection Governor, Link for Governor

Turbocharger inspection
Lube oil cooler Governor, Link for governor Crank shaft inspection Lube oil cooler Piston, Crank shaft, Liner Air cooler inspection
Water coolers Cylinder liner Fuel injection valve inspection Water coolers Crank shaft, Metal shaft

Starting valve inspection
Cooling water pumps Piston, Connecting rod Air intake valve inspection Cooling water pumps Pressure indicator valve Air intake valve inspection
Gear mechanism Crank, Main metal Exhaust valve inspection Gear mechanism Fuel injection valve

Governor, Link for governor Crank shaft Air cooler inspection Governor, Link for governor Inspection of generator (oil change, etc.)

Exhaust gas duct, Manifold, Bottom part of stack
Cylinder liner Pressure indicator valve Turbocharger inspection Cylinder liner Protective devices (Engine, Generator)

Crank, Main metal Inspection of generator (oil change, etc.) Crank, Main metal Temperature control valves, Heaters
Piston, Connecting rod Fuel injection valve Starting valve inspection Piston, Connecting rod

Performance test Pressure indicator valve Exhaust gas duct, Manifold, Bottom part of stack Pressure indicator valve Damper for vibration
Crank shaft Protective devices (Engine, Generator) Crank shaft Oil mist detector

Oil purifier cleaning Air cooler inspection Oil mist detector Air cooler inspection Balance weight in crank shaft
Filters cleaning Fuel injection valve Temperature control valves, Heaters Fuel injection valve Cylinder liner jacket

Fuel injection valve inspection Main starting valve inspection Cylinder liner jacket Main starting valve inspection Inspection of generator bearings
Crank shaft inspection Turbocharger inspection Damper for vibration Turbocharger inspection Cylinder safety valve

Exhaust valve inspection Cylinder head open Cylinder safety valve Cylinder head open Inspection of turning device
Air intake valve inspection Starting valve inspection Balance weight for Crank shaft Starting valve inspection Detailed inner inspection of various tanks 

B Inspection D1 Inspection D2 Inspection E2 Inspection
4,000 hours 8,000 hours 16,000 hours 32,000 hours
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Table 5-4  Schedule and content of medium- to long-term maintenance plan formulation 
Stage Period Target Item Achievement Goal 

Survey and 
Preparation 

2022/8～
2023/2 

Bushrod 
Power 
Plant 
MG 

1. Confirmation of operation status 
and operation plan of power 
generation equipment 
2. Based on the condition of the 
power generation equipment, 
organize the necessary needs by 
32,000 hours 
· Spare parts 
· Tools 
· the expendables 
· SV dispatch 

The condition of the power plant will 
be confirmed, and future 
maintenance and management 
policies will be organized. 
The costs required for maintenance 
are sorted out, and the LEC 
understands the costs that will be 
required in the future. 

Maintenance 
plan 

Formulation 

2023/6～ 
2024/6 

Bushrod 
Power 
Plant 
MG 

1. Operational status of power 
plant and update of operation 
plans 
2. Update information on 
equipment required for 
maintenance. 
3. Streamline through budget 
leveling. 
Four. Reflection in the LEC budget 

1. The condition of the power plant 
will be confirmed, and future 
maintenance and management 
policies will be organized. 
2. The expenses necessary for 
maintenance are updated. 
3. It is considered to be a reasonable 
plan by budget leveling. 
4. LEC understands the necessary 
budget and reflects it in the budget 
plan. 

5-5-3 Medium- and long-term maintenance plan (draft) 

The midium-term maintenance plan (draft) is shown below based on the maintenance manuals of each 
equipment manufacturer and the experience of a technical cooperation project in Sierra Leone, where 
the same type of engine is maintained. As mentioned in 1-5-2, since the LEC is expected to operate for 
4,000 hours every year, it is assumed that overhauls will be carried out during the rainy season every 
year. A long-term plan beyond 32,000 hours will be formulated in consultation with LEC in the full-
scale phase, considering the operational status of the power plant. 

Table 5-5  Medium- and long-term maintenance plan 

 

5-5-4 Examination of budget optimization and leveling 

One cycle of overhaul of the diesel engine is 32,000 hours, and overhaul every 8,000 hours is a large-
scale maintenance, which increases the cost. In particular, 24,000hours and 32,000hours overhauls are 
expected to be costly due to the increase in items. Parts for up to 16,000 hours have been provided 

Item OH interval Necessity SV working period
（number of SV）

Necessity SV working period
（number of SV）

Necessity SV working period
（number of SV）

Necessity SV working period
（number of SV）

Necessity SV working period
（number of SV）

Necessity SV working period
（number of SV）

Diesel Engine 4,000 hours 〇(B2) Approx. 60 days
2 persons 〇(D2) Approx. 80 days

2 persons 〇(B3) Approx. 60 days
2 persons 〇(D3) Approx. 120 days

3 persons 〇(B4) Approx. 80 days
2 persons 〇(E1) Approx. 120 days

3 persons

Generator 4,000 hours 〇
Approx. 12 days

2 persons 〇
Approx. 12 days

2 persons 〇
Approx. 12 days

2 persons 〇
Approx. 12 days

2 persons 〇
Approx. 12 days

2 persons 〇
Approx. 12 days

2 persons

Turbo charger 8,000 hours - -
〇

Include
balancing

Approx. 20 days
1 persons - - 〇

Approx. 20 days
1 persons - -

〇
Include

balancing

Approx. 20 days
1 persons

Purifier 4,000 hours 〇
Approx. 20 days

2 persons 〇
Approx. 20 days

2 persons 〇
Approx. 20 days

2 persons 〇
Approx. 20 days

2 persons 〇
Approx. 20 days

2 persons 〇
Approx. 20 days

2 persons

Control panel・
Switchgear

4,000 hours 〇
Approx. 12 days

2 persons 〇
Approx. 12 days

2 persons 〇
Approx. 12 days

2 persons 〇
Approx. 12 days

2 persons 〇
Approx. 12 days

2 persons 〇
Approx. 12 days

2 persons

2023 2024 2025 2026 2028
Engine operation hours（Estimation）

12000 16000 20000 24000 28000 32000

2027

Estimated OH duration Approx. 60 days Approx. 80 days Approx. 60 days Approx. 80 days Approx. 120 daysApprox. 80 days



 

5-8 

through grant aid, so it is expected that the cost of spare parts will be relatively low for the time being. 
Therefore, as shown in Figure5-1, an image diagram of budget leveling, JICA Experts propose leveling 
the annual maintenance and management budget for JICA power plant in preparation for the 24,000 
hours and 32,000 hours scheduled for 2026 and 2028 respectively. 

 

Figure 5-1  Image of budget leveling 

The actual amount will be carefully examined in the full-scale phase, and after considering leveling, it 
will be reflected in the LEC's budget plan. There is also a case in Sierra Leone where it was necessary 
to procure spare parts worth more than 1 million USD for a 24,000hours overhaul for the same engine 
in Sierra Leone. Since the amount is expected to be large, the understanding of the LEC and early 
budget measures are essential. 
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1. Development Plan for Power Sector
Optimization Study for the Development of Power Generation in Liberia
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