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Objectives & Requirements

Learning Objectives
§ Learn what Operations & Maintenance

(O&M) means for mini-grids.

§ Learn about the key features of a successful
operational management system.

§ Learn about the key features of a successful
maintenance system.

§ Understand the main components of mini-
grid OPEX and how they can be reduced.

Module Requirements

§ This module is targeted at mini-grid
developers and operators at all stages of
development.

§ They are expected to have a basic
understanding of rural, off-grid energy
markets and community dynamics in
developing countries.

§ No prior knowledge of technical O&M
around mini-grids is required.
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Overview of O&M

§ Operations and maintenance (O&M) is a critical 
element for long term sustainability of mini-
grids and ideally should be planned well in 
advance of the start of operations.

§ O&M refers to all activities carried out after the 
mini-grid has been commissioned and handed 
over to the operator* up to its 
decommissioning.

§ An effective O&M program enhances the 
likelihood that a system will perform at or 
above its projected production rate and cost 
over time.

§ Optimal operations must strike a balance 
between maximising performance and 
minimising cost.
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O&M attributes

* If the operator is different from the developer



Types of O&M models

Mini-grid developers have adopted different models for 
O&M which include: 

a) Developer-operated
• Own operation: a developer operates & maintains the mini-

grid through own staff.
• Third party operated: a developer engages an O&M 

contractor to run and report on the mini-grid performance. 
On most occasions, the contracts are performance-based.

b) Community-operated: The community becomes the owner 
and operator of the system and provides maintenance, tariff 
collection, and management services.

c) Hybrid-operated (e.g. Public Private Partnership): The 
government and the developer may operate the mini-grid 
together sharing responsibilities.
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O&M model selection
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O&M models

Model Benefits Limitations

Cooperative/
Community

+ Community is close to its members 
and may therefore be best placed to 
respond quickly to issues.

- Limited local capacity may inhibit ability 
to conduct operations.
- Each mini grid needs their own trained 
community personnel.

Developer

+ Developer may have better 
understanding of technology 
deployed.
+ Can make use of economies of 
scale if operating multiple mini-grids 
at the same time.

- May lack local awareness.
- Difficult for early stage developers who 
need to set up O&M processes from 
scratch.

Third Party

+ Does not require developer to build 
up own O&M team.
+ May bring in specialised team to 
carry out specific O&M aspects.

- Communication issues with developer 
may lead to slow / inefficient resolution of 
issues. 
- May be more costly for developer than 
doing own O&M due to additional margin 
payments.

Hybrid

+ Can combine the best approaches 
above.

- Need to put in place efficient 
communication mechanism to manage 
interface risk between different 
stakeholders

Own Operation

Suitable for developers 
operating multiple sites to enjoy 

economies of scale

Third Party Operation

Suitable when the developer 
has limited capacity to carry out 

O&M

Community

Suitable when the community/ 
governments have shares/stake 

in the mini-grid

Hybrid Approach

E.g. the developer may share 
O&M responsibilities with the 

community/government to 
increase acceptance

Best Use Case 
Scenarios

O&M model suitable scenarios



O&M contracting
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O&M models

• Familiarity of the contractor with site location and technology
• Location of the contractor’s premises
• Staff technical capacity
• Experience and track record
• Financial capability

Key factors influencing selection of an O&M contractor

• Services to be carried out and obligations of the owner and contractor
• Methodologies for calculating plant performance
• Methodologies for calculating liquidated damages / bonus payments in the event of plant under- or over-

performance
• Legal aspects
• Payment structure
• Response time in case of faults

O&M contracts should define



Case study: Talek Power third party contracting

Talek Power owns a 40kWp solar mini-grid in Kenya serving more 
than 100 customers. It is owned by the County Government of 
Narok. 

Talek Power decided to contract PowerGen Renewable Energy to 
handle O&M at their site since they did not have the resources and 
technical capability to operate the mini-grid. They issued a Request 
for Proposal and selected their preferred contractor from the 
bidders. The contractor is responsible for:
• Remote monitoring;
• Maintenance activities, customer connections;
• Handling customer calls; and
• Performance reporting among other services.
Talek Power is responsible for procurement of all equipment and 
customer records management.

Indicators for plant performance are part of the contract and these 
are documented in a performance report. Payments to the 
contractor are based on technical, customer management and 
revenue performance.
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• Imagine you are developing a mini-grid
– Outline the context (environmental, social, political, financial) under 

which you are developing the mini-grid, who owns the assets and any 
other relevant information. 

– Pick which option of an operator model you would consider most 
suitable and write down its structure, benefits and limitations for your 
specific context.
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Operations concerns all aspects in dealing with customers during the 

operations of the mini-grid, as well as the overall management of the 

grid and generation assets. Operations informs maintenance 

scheduling and activities. This function is usually carried out by highly 

skilled personnel in management and analysis.
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The management of the mini-grid must typically perform the following tasks:

§ Strategic planning (including planning for eventual upscaling or roll-out of mini-grid systems);

§ Accounting, budgeting, and financial reporting (to tax authorities, donors, financiers) and cashflow management;

§ Legal compliance;

§ Personnel management;

§ Monitoring local O&M activities;

§ Data management;

§ Marketing and sales;

§ Stakeholder engagement; and

§ Communication and outreach activities.
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Overview of operations (1)
Operations
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Overview of operations (2)
Operations

Enduring effective management and 
control of O&M

- Asset manager
- Asset owner

- Curation of as-built diagrams
- Equipment inventory management
- Records curation
- Budgeting
- Contracting

Ensuring efficient, safe & reliable O&M

- O&M manager
- Technical lead

- Site inspections
- Rectifications
- Work order preparation
- Performance assessment
- Customer management

Analysis of data to remain informed on 
system status

- Analyst
- Monitoring & evaluation experts

- Metering for revenue
- System status reviews
- Performance reporting
- Handling alarms & warnings
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Operations structure
Source: NREL, 2018



Documentation & reporting

§ O&M activities should be documented properly in pre-
defined reporting templates which allow the mini-grid's 
management to monitor performance. 

§ Grant programmes have specific documentation and 
reporting requirements which include:
§ Payment and consumption data;
§ Site visit reports including vehicle utilisation log;
§ Log of operational issues (on customer and asset 

basis) and maintenance carried out;
§ Overview of existing and potential sites and 

customers;
§ Overview of all internal processes, procedures and 

policies; and 
§ Overview of operational costs. 

§ Developers may use commercial software e.g. AMMP and 
Infinite Fingers to assist in creating O&M outputs.
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§ Budgeting should be done on a regular basis to encourage targeted spending. From an operational perspective, a 
budget needs to contain all items categorised as operational costs. 

§ At the end of each budgeted period, relevant personnel should compare the actual costs with the budget and 
provide information on any cost deviations.

§ Budgeting based on historical data may not always be reflective of future costs due to factors such as: 
§ Economies of scale whose effects should be considered when further sites are installed;
§ Changes in operational processes/procedures which may lead to less/more efficiencies and a corresponding 

change in costs; or
§ Costs which may be limited to a point in time (e.g. site visits) and therefore need to be considered for each 

period. 
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Process management

§ One of the key aspects in operational management is 
that processes are well documented. This helps to:

o Identify bottlenecks and areas in which 
operational management could be made more 
efficient.

o Reduce costs through standardisation of tasks.

§ Each process carried out in operations should be 
written down in an action-based sequence with each 
of the steps at minimum containing inputs, 
responsible party, action timelines, methodology and 
the outputs.

§ For a simpler overview, these processes may be put 
in a flowchart using any available tools.
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Operations

Item Description Example

Input
Which document/ process 
manual is required for this
activity

List of suppliers

Person responsible Who is the person 
responsible?

Productive Use Head

Manager Who is accountable for this 
step?

Head of Customer Service

Action What is being done? Purchase of PU appliances for 
customers

Timeframe How long does the step take? 1 month

Methodology What is the process for 
carrying out this activity?

Issue RFQs to vetted suppliers 
and select best fit.

Output What are the desired outputs? Machines purchased and 
installed

Management processes workflow



§ Asset Management aims at ensuring optimal profitability of the PV power plant by 
supervising energy sales, energy production and O&M activities.

§ This role is usually done by the developer's executive team and it involves reporting to 
stakeholders on mini-grid performance.

Trends in Asset Management
§ Automated operations of the plant: Intelligent mini-grid technology can take operational 

decisions e.g. when to charge the batteries or to start the diesel generator. Consider whether 
to use load following (better for low renewable fraction) or cycle charge settings (best for 
high renewable fraction) for generators.

§ Remote monitoring of a mini-grid system reduces need for manual checking which may 
otherwise require specialised tools and man hours.
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Asset management (2)

Equipment end-of-life management
§ Most countries in SSA do not yet have policies and 

regulations on electronic waste management. However 
developers should be aware of the expected lifetimes of the 
components used and existing in-country intervention efforts 
to help develop an end of life strategy.

§ Solar e-waste consists of all materials and component parts 
that make up off-grid solar products. This ranges from lead 
acid and lithium-based batteries to copper cabling and the 
silicon in solar panels. Some of these materials have cash 
value while others do not.

§ The economics of solar e-waste are challenging given the 
current market dynamics and costs associated with product 
take-back and collection.
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Asset management (3)

Power assets
Power assets include:
§ Generation assets e.g. solar PV arrays, batteries and other storage options, 

hydro turbines, inverters, cables, etc.

§ Distribution assets e.g. poles, transformers, meters etc.

§ All assets should be in correct operating condition. Any deviations from this 
should be addressed as soon as possible.

§ Real time monitoring and periodic inspections important for the decision-
making process.

§ Manufacturer recommendations should be considered when planning 
revisions, etc.

§ Any issues should be ticketed, and work orders generated for the field teams.
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Customer management

Practices in customer management
§ Smart meters and automatic billing platforms

§ Demand side management interventions such as load 
limiters and time of use tariffs to match supply with demand

§ Customer hotlines for receiving customer calls and 
messages. Automatic voice response used by some 
developers to deal with large numbers of customers and 
offer 24/7 response

§ Regular site visits by customer service teams to identify 
potential for new connections and re-train customers.

§ Customer relationship management tools e.g. Bitrix24, 
Microsoft Dynamics CRM etc. to record interactions with 
customers for better tracking and improved service delivery.
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Ticket management
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Operations

§ Software can be used to raise and track tickets from customers. Tickets can be classified based on their severity i.e. risk 
to equipment, number of customers affected etc.

§ Customer support or technical teams generate tickets after a customer call. The ticket creation and resolution process is 
illustrated below.

Ticket closing 
& feedback

• Report on ticket 
resolution 
developed, 
customer feedback 
and ticket closed

Resolution

• Issue resolved by 
contacting local 
personnel or via 
visit to site

Assignment

• Ticket is assigned to 
an O&M officer and 
the time noted

Classification

• Severity of ticket 
and best resolution 
determined

Generation

• Issues identified on 
the remote 
monitoring system 
or through a 
customer call and 
recorded



System changes
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Operations

§ System changes may be needed 
where demand does not grow as 
expected (too slow or too fast) or 
technology updates need to be 
made.

§ Potential interventions include
system expansions, software 
updates, extensions to 
distribution network, and
retrofits.

System Change Interventions 

Expansions:
Increasing the 
generation and 
storage capacity 
of the mini-grid 

due to high 
demand by 
increasing 
generation 

assets.

Updates: 
Software and 

firmware 
updates to 

ensure systems 
are current, 
secure and 

operate without 
glitches.

Extensions: 
Addition of 

more customer 
connections 

from the 
existing 

distribution 
network or by 
adding poles 
and cables.

Retrofits:
Addition of new 

support 
hardware or 

software to the 
mini-grid e.g. a 

new SCADA 
system

System Change Interventions



Key performance indicators (KPIs)

23

Operations

§ KPIs are based on investor or management requirements. They should 
be developed by the developer for continuous performance monitoring 
and comparison.

§ Examples of KPIs include:
§ Revenue KPIs

§ Average Revenue per User (ARPU)
§ Average Consumption per User (ACPU)
§ Average OPEX per User

§ Technical KPIs
§ Uptime of the grid 
§ Unscheduled downtime
§ System losses (grid and power system)

§ Customer related KPIs 
§ Tickets per month
§ Ticket resolution time

§ Learning & Development
§ Personnel skills development
§ Innovations

Key 
Performance 

Indicators

Decide 
what to 

measure

Collect 
the data

Analyse
the data

Report 
the 

results

Take 
action

KPI management process



Health and safety
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Operations

Implement safety and anti-theft protection measures to secure the
generation assets, distribution system and control power theft. The
following best practices can be adopted:

§ Use glass fibre reinforced remote alarm systems to improve 
security. Few operators install CCTV camera-based systems. Most 
hire local part time security guards for theft protection.

§ Integrate energy theft protection with the smart meters. Real-
time monitoring of consumption data from smart meters can 
reduce theft of electricity by individual customers and also lead 
to savings on labour costs.

§ Form an operating committee for the mini-grid that includes 
customers to build sense of local ownership.

§ Develop a company health and safety policy, train all staff on it
and take measures to ensure it is followed.

Photo credit: JUMEME



Monitoring (1)
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Operations

§ Two types of monitoring
§ Physical: Personnel on site visually inspect assets and 

report back to operator / owner.
§ Remote monitoring: Data acquisition systems and 

platforms allowing remote monitoring capability.

§ Monitor and analyse data against normal usage patterns and 
degradation of plant components

§ Use predictive techniques to determine condition of key 
components and when and whether maintenance should be 
performed.

§ Make sure remote monitoring systems have separate 
Uninterruptible Power Supply on site.

§ Ensure interoperability between operating platforms. In many 
cases there is a lack of standardisation in the data protocols and 
channels used which means either multiple platforms must be 
used or a single platform is adopted that combines all data.

Data analysis on main equipment

Trigger reactive 
maintenance 

Trigger technical inspection to be 
embedded in preventative 

maintenance plan



Monitoring (2)
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PV array

DC controller

Battery 

AC Inverter

Distribution system

Main meter

Customer meters

Meter server

SCADA systems/ 
Equipment specific 
monitoring systemsG
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Types of maintenance

§ There are three forms of mini-grid maintenance

§ Preventative maintenance [PM]: Includes routine 
inspection and servicing of equipment which helps
prevent breakdowns and reduce energy yield losses. 
PM is usually a scheduled activity.

§ Reactive maintenance [RM]: Includes repairs of faulty
equipment. Usually happens in response to such 
failures.

§ Condition-based maintenance [CBM]: Involves 
monitoring of condition of equipment and plant 
operations on a real-time basis and addresses
potential problems early to prevent downtime. This 
requires a robust plant performance monitoring 
system.

Compared to other power generating technologies, solar PV 
power plants have low maintenance and servicing 
requirements.
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Preventative maintenance (PM)

§ Activities to maximise production and prolong the life of the 
plant.

§ Frequency of PM is determined by:
§ Technology selected;
§ Environmental conditions of the site;
§ Warranty terms;
§ Seasonal variations; and 
§ Manufacturer’s recommendations. 

§ PM activities that require plant shutdown should be done at 
off-peak hours.

§ PM has a cost implication, therefore the developer should 
seek the optimum balance between the cost of scheduled 
maintenance and increased yield over the life of the system.
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Maintenance

• Solar panel cleaning
• Vegetation management
• DC & AC electrical subsystem cleaning
• Checking integrity of connections and 

terminations
• Mechanical inspections
• Documentation
• Physical observations
• Thermographic imaging to identify potential 

failure-prone modules or components
• Electrical tests for solar panels, inverters, 

batteries etc.

Example of PM activities



Reactive maintenance (RM)

§ Key parameters of RM to consider:
§ Diagnosis
§ Speed of response
§ Repair time

§ Need to balance the benefits of faster response time in 
terms of increased energy yield against the increased costs 
of shorter response times.

§ If a developer has outsourced maintenance to a contractor, 
the agreed response times should be stated in the O&M 
contract and will depend on the site location and whether it 
is manned.

§ Depending on the type of fault, a reasonable contracted 
maximum response time could be 48 hours, with liquidated 
damages payable by the contractor if this limit is exceeded.

§ A well-constructed mini-grid should not need much RM.
§ It is good to have an inventory of spare parts to facilitate 

rapid response in case of equipment failure.
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• Failure analysis
• Emergency maintenance
• Repairs and replacements
• Replacement of fuses and meters
• Rectifying SCADA/remote monitoring 

systems faults
• Rectifying tracking systems

Examples of RM activities



Maintenance personnel

§ Staff on the ground must be properly 
trained, follow defined O&M procedures, 
and have access to more qualified 
technicians as required.

§ The mini-grid's executive team must 
ensure that local staff understand and 
follow the O&M procedures and give 
feedback if they have questions or 
suggestions for improvement.

§ Local staff should be the first line of 
defence for troubleshooting and 
reporting.

. 
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Maintenance

Level 1: Local O&M 
team

• PV cleaning
• Lubrication of 

movable parts
• Battery checking
• Dusting and 

cleaning power 
room

• Safety training for 
customers

• Extensions 
advisory

Level 2: Specialised
technical team

• Troubleshooting
• Works on core 

components
• Retrofits 
• Configuration 

Level 3: Operator/ 
service agents

• Monitoring
• Training
• Performance 

monitoring
• Customer care

Increasing complexity of tasks



Overview of O&M costs

O&M costs depend on:
§ Location of mini-grid
§ Solar PV mounting
§ Quantity of components
§ Warranty coverage
§ Environmental conditions

§ O&M costs include
§ Administrative costs – personnel, software costs, 

land leases, fuel costs for generators etc.
§ Preventative maintenance costs
§ Reactive maintenance – cost of replacements

§ Reserve account: fund to cover the cost of major 
component failures

See Module 6 for information on funding and financial models

Reducing opex is critical for project profitability and therefore requires 
monitoring
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OPEX reduction

OPEX reduction strategies

§ Automation reduces the need for physical visits 
and encourages better planning
§ Payment collection using mobile money.
§ Asset management using data acquisition 

software and online monitoring platforms.

§ Establishment of a customer service centre and 
hotline to resolve issues by phone or online

§ Allocation of tasks to local mini-grid personnel

§ Shared resources between different mini-grid 
sites. e.g. storage facilities, maintenance trips.
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Case study: Energicity OPEX management

Energicity is a mini-grid developer with more than 10 grids 
active in Ghana and Sierra Leone, currently serving over 5,000 
beneficiaries.
Energicity has managed to cut costs in its O&M approach 
through:
§ Standardisation: The company’s proprietary operations 

platform allows for unification of processes and procedures 
across sites.

§ Development of a “hub and spoke” model: Locally trained 
staff who live close to the mini-grids provide the first level 
of service, while more skilled staff are available at central
hubs to address more serious or complex issues.

§ Customer-centric strategy: Consistent customer 
engagements at all levels of the organisation enables 
Energicity to anticipate customer issues, mitigate them and 
avoid O&M related costs.
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• O&M is a critical element in the long-term sustainability of a mini-grid.

• O&M can be done by different parties: the developer themselves, third-party contractors, the 
community or through a hybrid arrangement (e.g. a Public-Private Partnership). Each arrangement has 
its own benefits and drawbacks.

• For O&M to work well, the developer needs to consider many areas of their business: proper 
documentation and business processes, financial planning, customer engagement and ticketing,
hardware, software and and technical system changes, performance monitoring, and health & safety.
Systems may be monitored remotely or on site or both.

• There are three types of maintenance: preventative, reactive and condition-based. All three are 
fundamental to the successful operation of a mini-grid.

• It is important that staff at all levels of the mini-grid business (from corporate management to the local 
ground staff) are involved in O&M.

• Many factors affect the costs of O&M, including location, technology, and warranties. Strategies to 
reduce these costs include automation, sub-contracting to local personnel, and sharing resources 
between mini-grids.
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