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Executive summary

Demand-side Management (DSM) is the process of actively influencing electricity demand on mini-grids so it matches electricity generation. This report 
provides a framework for mini-grid developers to select and implement DSM strategies.

DSM matters because it is usually cheaper to adjust the demand than the supply infrastructure (generation, battery storage). Supply/demand imbalances 
fall into 5 categories: peak demand higher than peak supply; peak supply higher than peak demand; demand peaks do not coincide with supply; overall 
demand higher than supply; and overall supply higher than demand. There are 5 respective interventions to manage these imbalances: peak clipping; 
valley filling; load shifting; demand reduction and demand stimulation. 

These interventions take many forms, both push (e.gnew technology and hardware) and pull (e.gcustomer incentives). Examples include selling electric 
appliances to different customer groups and providing associated financing; replacing inefficient appliances; scheduling commercial loads for certain 
times of day; limiting power consumption; mini-grid operators setting up ancillary businesses that consume electricity; customereducation; and tariff 
incentives. The pros and cons of the different interventions are explained in detail.

The report describes a 4-stage process map for determining the best DSM strategy: Stage 1 involves mapping the constraints, including technical, 
regulatory, financial and community-based; Stage 2 is about identifying the supply/demand imbalances using hard data as evidence; Stage 3 involves 
selection of the DSM strategy based on the results of Stage 1 and 2; and Stage 4 is about operationalizing the strategy which includes technology 
procurement, community engagement and ongoing monitoring to check the strategy achieves the desired results.

While there is plenty of anecdotal evidence for the success of DSM in mini-grids, the industry lacks robust analysis to directlycompare the impact and 
cost of different strategies. In order to quantify the impact of DSM strategies in different contexts, it will be important to gather data from a wide number 
of developers and develop a common framework for data collection and analysis.
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Energy 4 Impact is a UK-registered non -profit organization which 
seeks to reduce poverty through accelerated access to energy, 
providing technical, commercial and financing advice to off -grid 
energy businesses in Sub Saharan Africa, including over 100 mini -
grid developers.

Energy 4 Impact provides support on the ground to these 
businesses in the form of pilots for new technologies and business 
models and mentorship services for micro -enterprises. Supported 
cz b tnbmm ifbe pggjdf jo Npoepo. nptu pg Gofshz 6 KnqbduǴt tubgg 
are based out of its offices in Kenya, Tanzania, Rwanda and 
Senegal. 

Energy 4 Impact has operated in Africa for the past 12 years and 
efmjwfst sftvmut0 Uif PIQǴt fggpsut ibwf tvqqpsufe uif hspxui pg 
4700 businesses, resulting in 17 million people gaining better 
access to energy, 10000 jobs, and 12.8 million tonnes of CO2 being 
abated. The capital raised by those businesses with our support has 
amounted to $135 million. 

INENSUS is a mini-grid expert providing holistic technical, business 
and policy expertise based in West and East Africa. Its clients 
include private and public mini -grid project developers, 
international development organizations and financiers, and 
governments in the target countries.

INENSUS provides consulting and engineering services that cover 
all aspects related to solar -hybrid mini -grids for rural electrification. 
INENSUS has been in operation since 2005 and is headquartered in 
Goslar, Germany. The combination of consulting and engineering 
fyqfsujtf nblft KPGP%V% b vojrvf Ƕpof-tupq tipqǷ gps njoj-grids 
and decentralized renewable energy systems. 

Its expertise results from working as a mini -grid investor, developer 
and operator for more than 10 years in Senegal (through its joint 
venture ENERSA Energie Rurale Sahélienne S.A) and more than 5 
years in Tanzania (through its joint venture JUMEME Rural Power 
Supply Limited).
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Background

Goal: Provide guidelines on developing and implementing demand -side 

management strategies for mini -grids.

Target audience: Mini-grid developers in Sub -Saharan Africa, particularly 

pure solar mini -grids and solar hybrids that use battery and diesel power 

as back-up.

Background: Report produced by Energy 4 Impact and Inensus (the 

Green Mini-Grid Help Desk) under the Green Mini -Grid Market 

Development Programme for the African Development Bank (AFDB) Ǳ

Business Development Services and Policy Support Business Lines.

Methodology: Report is based on interviews with mini -grid developers, 

literature review and the experience of Energy 4 Impact and Inensus.
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Outline & Contents

This report will: 

Define Demand -side Management (DSM) , and 
describe the background pg juǴt vtf jo njoj-grids.

Describe the scenarios where electricity demand and 
supply are not matched in mini -grids, and where 
DSM can be used.

Describe the DSM strategies available to developers 
which can address such scenarios.

Give a summary of the main benefits, challenges and 
required resources for each strategy.

Provide a framework on how to diagnose 
demand/supply imbalances, and to choose 
appropriate DSM strategies to address them.

The report includes 5 case studies of 
DSM strategies :

Rafiki Power ǱSell appliances
SSREL ǱReplace appliances
JUMEME ǱAncillary business
ENERSA ǱBlock tariffs
JUMEME ǱTariffs & pricing
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Definition of DSM

Demand Side Management (DSM) is the planning , implementation

and monitoring of activities to 

encourage (and sometimes force) customers to 

alter their electricity consumption habits , in respect to 

time of use , peak consumption levels and overall energy consumption . 
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Supply versus demand

Developers need to balance electricity supply

with demand .

High demand can exceed generation capacity, 

cause power outages and lead to customer 

dissatisfaction. Investment in more generation 

and storage may be required to meet demand.

Low demand means underutilisation of mini -grid, 

power is wasted if battery storage capacity is 

filled, and a poor return on investment

Interventions to achieve this balance:

1. Adjust the generation capacity to match 

demand.

2. Install energy storage which can supply 

electricity when demand exceeds supply and 

store electricity when demand is low

3. Influence the demand to match the supply.

Ҧ This is Demand -side Management.
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Why not adjust electricity supply?

It is expensive . 

Increasing generation capacity, energy storage, e.g. more solar panels, diesel generators and batteries, 

and distribution infrastructure needs a large capital investment. Typical costs of a solar mini -grid are 

2.9 USD/W [9] Ǳincluding panels, batteries, inverter Ǳor 0.2-0.25 USD/kWh [10] over the lifetime of 

the system. These costs are higher for smaller mini -grids.

Diesel generators are flexible, but require significant fuel and high maintenance, which significantly 

increases operating costs. Typical lifetime costs of a diesel generator are 0.2 -0.45 USD/kWh [10].

Extra power generation can be underutilised during low demand, which affects the profitability of the 

mini -grid. It is better to match demand to supply, so that utilisation is high at all times.
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Scenario Intervention Scenario Intervention

Peaks: Periods of high demand 
(peaks) which exceed the 
generation capacity.

Excess demand : Overall 
electricity demand is higher 
than electricity supply.

Valleys : Periods of low demand 
(valleys) in which storage 
capacity is full and electricity
generated is wasted.

Excess supply : Overall 
electricity supply is higher 
than electricity demand.

Offset demand : Periods of peak 
demand which do not coincide 
with periods of peak generation .

When can DSM be used?

5 scenarios with 5 interventions :
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Scenario 1: Peaks

What happens?
Periods of high power demand (peaks) which exceed the 
generation capacity of the mini -grid system.

Why?
The generation system is undersized, due to inaccurate 
demand assessment.
Customers connect more appliances to mini -grid over 
time.

Impact
Brown -outs (poor quality power) and complete power 
outages. Leads to customer dissatisfaction.
Energy storage (e.g. batteries) can be strained by high 
current draw at a peak.

Intervention:
Peak clipping Ǳrestricting/reducing consumption at peak
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Scenario 2: Valleys

What happens?
Periods of low demand (valleys) in which storage 
capacity is full, but energy is still being generated.

Why?
There are times of the day where electricity use is 
lower, e.g. while farmers are out in their fields.

In most mini -grids, these valleys occur in the daytime.

Impact
Energy is generated, but not stored or used. 

Lost revenue for the mini -grid.

Intervention:
Valley filling Ǳstimulating demand in the valley
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Scenario 3: Offset demand

What happens?
Periods of peak demand often do not coincide with periods 
of peak generation.

Why?
Renewable generation relies on sources of energy that are 
available at different times of day to when electricity is 
consumed. 
In a solar mini -grid, generation is highest around midday, 
while demand is often higher in the evenings.

Impact
Large investment is required to store energy (batteries) or 
create hybrid generation systems (diesel generators) to meet 
the offset demand.

Intervention:
Load shifting Ǳshift demand to the peak generation periods.
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Scenario 4: Excess demand

What happens?
Overall energy demand is more than what the system 
is designed to generate, even with secondary diesel 
generation.

Why?
The generation system is undersized due to inaccurate 
demand assessment or deliberate investment strategy 
by operator
Customer demand increases over time as number of 
connections rises and customers use more appliances.

Impact
Brown -outs (poor quality power) and complete power 
outages. Leads to customer dissatisfaction. 

Intervention:
Demand reduction Ǳreduce overall demand to within 
generation capacity.
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Scenario 5: Excess supply

What happens?
Energy generated over the day is much more than 
customers can use.

Why?
1. The system is oversized, due to inaccurate demand 

assessment.
2. Customer demand decreases over time due to poor 

relationship with the mini -grid operator.

Impact
System is underutilised. Lower revenues will impact 
profitability of the mini -grid.

Intervention:
Demand stimulation Ǳincrease demand to match 
generation.
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DSM strategies

DSM manages the load of a mini -grid without:

1. needing to purchase generation assets (e.g. solar panels)

2. increasing dependence on diesel fuel

There is op Ƕpof tj{f gjut bmmǷ approach to demand -side management.

Different strategies must be employed depending on the scenario.
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Strategy Intervention

Sell new (energy efficient) appliances to household customers.

Sell appliances to business customers to stimulate demand during the day.

Replace existing appliances with ones that are more energy -efficient.

Schedule commercial loads to match generation time. 

Limit power consumption of customers.

Develop ancillary, energy -consuming businesses to create more demand.

Educate customers about the benefits of electricity, and technologies that 
increase productivity, stimulating demand.

Custom tariffs/pricing to increase, shift, or reduce demand as required.

8 main strategies for DSM have been identified in this study:
Effect on demand:

reduce,        shift,        stimulate

DSM strategies
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1) Sell appliances to residential customers

Intervention

Sell household appliances to residential customers e.g lights, radios, TVs, fans

Impact    

Increases general demand on the mini -grid, but especially in the evening when residential customers consume 

more. From data aggregated over programmes in Sub -Saharan Africa, we have found that this strategy can 

increase consumption by up to 100%, compared to customers who did not receive appliances.

Potential second revenue stream for developers if selling appliances directly. 

How?

Å Sell directly or partner with appliance distributors. Supplier must be able to support repairs and warranty claims.

Å Set up and sell appliances through a financing scheme with a third -party (e.g. micro -finance institution).

Å Appliances typically sold with a margin of 5 -10% inclusive of logistic and other costs (e.g. overheads).

Å Educate customers about the benefits of appliances, and provide clear information on how they can be used 

and purchased.
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Cassava grater and a dewatering machine, Tanzania. 
Source: iita.org

2) Sell appliances to commercial customers (1)

Intervention

Sell productive -use appliances to business customers e.g

hair clippers, welding machine, power tools, 

milling/grinding machines, food processing.

Impact

Increase in demand during business hours Ǳusually 

during daytime.

Useful for valley filling , especially for solar mini -grids 

during day time when generation peaks and demand is 

low.

Potential second revenue stream for developers, if selling 

appliances directly.
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2) Sell appliances to commercial customers (2)

How?
Å Sell directly, or partner with appliance distributors. Supplier must be able to support repairs and warranty 

claims. 5-10% margins are typical..

Å Survey businesses on mini -grid to understand value chains and activities that require powered machines.

Å Research alternative, electrically -powered appliances for those activities. This research can identify appliances 
that the businesses would not find themselves.

Å Offer appliances that:

1. Speed up / increase volume in existing activities. 
Example: a tailor buys a sewing machine and can make many more products in a day.

2. Create complimentary activities that capture more of the value chain. 
Example: a business that grows and sells maize buys a milling machine to start producing maize flour.

3. Reduce operating costs as compared to previous activity. 
Example: an electric grain mill may have lower operating costs, compared to an existing diesel mill.

Å Set up and sell appliances through a financing scheme with a third -party (e.g. micro -finance institution).

Å Educate customers about the benefits of appliances, and provide clear information on how they can purchase.
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Note: Financing appliances

Why offer financing?
Customers often require financing because they cannot afford the up front cost of appliances.

Businesses can generate income from the appliance to help pay back a loan.

Financing facts/tips:
Å How to select a finance partner: 

Å Locally -based or at least have local branch network
Å Have track record lending to local entrepreneurs
Å Examples: cooperatives (e.g. SACCOs), micro-finance institutions, local banks

Å Typical loan amounts:
Å Up to 500USD for household appliances
Å Can be much more for productive use appliances e.g. 2500 USD for a grain mill

Å Payback periods vary from 6 to 24 months and deposits can be between 15 -30%.
Å Local interest rates can range from 20 -40%.

Å Consider bundling loan repayments with energy payments to reduce chance of defaults.
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Case study 1: Rafiki Power Ǳsell new appliances
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One of RafikiRpxfsǴt tpmbs njoj-grids in Digodigo , northern 
Tanzania, where appliance sales take place.
(Source: Rafiki Power)

Developer: Rafiki Power

Location: Tanzania, ~1,000 customers

Generation: Solar PV-battery hybrid

DSM strategy / 
technology:

1. Distributing and financing of appliances for households & 
businesses. 300+ appliances sold.

2. Customer education: 50+ business customers reached 
through workshops, and information materials 
distributed to nearly all customers. 

3. Smart meters integrated into mobile money platform. 
Data collection/analysis through the AMMP system, 

Impact of 
strategy / 

technology:

Selling efficient appliances and educating customers has 
increased overall demand by 20-30%, and spread it over 
more connections, without significantly increasing peak
demand .

Productive -use appliances have increased consumption 
during day -time when electricity production is cheaper.

Data from smart meters has given Rafiki Power visibility over 
consumption on their mini -grids, and helped them to design 
DSM solutions from what they observed.

Demand 
stimulation
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Source: CC BY-SA Source: CC BY-SA

3) Replace existing appliances (1)

Intervention

Replace existing, inefficient appliances with ones that are 

more energy -efficient.

Impact       

Reduction in demand and total energy usage, especially 

at peak times ( peak clipping ). This reduces the strain on 

energy storage and secondary generation (e.g. diesel) at 

peak times.

Example: Introduction of energy efficient appliances at a 

healthcare facility in Mali reduced consumption by 70% , 

from 5kWh/day to 1.5kWh/day . [3]
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