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EXECUTIVE SUMMARY
Productive Use of Energy or PUE is a term that has been

popping up growingly in discussions and literature around solar

energy for the African continent over the past 2 years .

Next to the other traditional solar segments such as ṙȱǅɭȋǰ

ɵǢǅȱǰṚḬṙȺșȼș-ȋɭșǩɵṚor ṙílíṎSolar Home íʪɵʃǰȺɵṚto cite a few,

PUE indeed presents very specific attributes in the African

context in that it offers revenue -increasing solutions in areas

where they were previously not economically viable or simply

not possible because of technical considerations .

As a result, PUE has the potential to unlock or drastically

improve economic activity in many places across the continent .

PUE can create a virtuous circle where the end -user of the

solution is empowered to make its activity more efficient,

leading to

Photo credits: Efficiency for access
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increased income, more stable employment, as well as less vulnerable to weather conditions . In some cases,

PUE can also be the ideal companion of other solar initiatives such as mini -grids . A growing number of

examples demonstrate that the introduction of PUE solutions, in combination with mini -grids, help increase

the electricity consumption of the mini -grid, thereby improving the financial viability of the mini -grid

infrastructure as a whole .

Therefore, PUE truly deserves the attention of all stakeholders of the African solar industry . PUE will undeniably

be a major driver of the industry in the years to come and as a result, represents an amazing opportunity for

development aid and/or commercial investment .

PUE solutions evolve very quickly and new applications are brought to market on a regular basis . This PUE

Catalog humbly intends to identify, categorize and describe the main solutions currently available and

implemented across Africa . Whenever available, unit economics and the business case of the specific PUE

solution are also provided to help the reader get a better grasp of the possibilities unlocked by it .

PUE comes in many shapes and forms . In this Catalog, PUE solutions are categorized by their field of

application (agriculture, commercial, services and private) . As a nascent solar specialty, the frontiers of PUE are

not yet fully cast in stone and some solutions are home to several categories . We trust the reader will identify

these few cases and understand this PUE Catalog is not yet a final scientific document but rather a humble

attempt to shed more light on a new discipline which will shape the life of many Africans in the years to come .
3



Definition
Productive Use of Energy, often abbreviated by PUE, is the

utilization of electricity -powered solutions which support any

economic activity and which will leave the user with more

income than the previously used solution (if any) .

Most often, the source of energy is renewable , because it is

now cheaper to run that fossil fuels or because this source of

energy is the only one available in a particular area . But PUE

also applies to electric equipment which can be connected to

the grid, and the grid itself may not necessarily be powered

from renewable energy sources .

PUE is composed of solutions which replace and improve

previously used solutions (eg : solar maize grinder replacing a

diesel maize grinder), but also of new solutions because no

economically viable solution was previously available (irrigation

by diesel pump not affordable in many areas) .
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What this 
catalog covers 
and what it does not

As described in the previous page, PUE comprises of pretty

much any machine or solution which can be powered by

electricity (on -grid and off -grid) . In line with the Lighting Global

2019 PULSE report , this catalog however focuses exclusively on

PUE solutions which are solar -powered . This means that this

report does not cover solutions provided by the growing group

of companies which finance traditional electrical machinery

which will be connected to and powered by grid electricity . The

activity of this new type of PUE companies is commendable

and plays a growing role in the economic development across

the continent, but is not covered in this report because not

directly connected to solar .

There is a thin line between PUE and C&I (commercial and

industrial) solar . Indeed, C&I is not defined by the size of the
5
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solar installation, but rather by the nature of what the solar

electricity is used for . Hence any economic activity powered by

solar energy may be considered as C&I. In this report, in order to

define the limit between C&I and pure PUE solutions, we opted

to consider PUE as all solutions that require an equipment or

machinery change . Therefore, a company which already runs

electrical equipment connected to a diesel generator or the

grid, but which installs solar to get cheaper and more stable

electricity is considered ṙ;ỘrṚand not PUE in this report . On the

other hand, a person currently running a diesel maize grinder

and who wishes to switch to solar, needs to obtain a completely

new device (because based on an electric engine) and is

therefore considered as PUE.

Depending on its final use, a specific solution can be

considered as PUE or not . A typical example is a solar kit with a

TV. If installed at home, it does not generate an additional

income and should not be considered PUE. But if installed at a

bar to attract more customers, it then falls under the category

PUE.
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This report also makes one exception to the definition in the

section related to ṙPUE for services Ṛ. This includes solutions

related to education and healthcare . Here, the improvement is

not economic but rather societal, by making education or

fundamental health care services more widely available and

accessible . The positive impact on society is in this case

considered as equally important to any other economic gain .

Each section in this Catalog contains slides about the business

case from the end -user perspective as well as a list of

companies active in this specific PUE solution . The figures

shared in the business case are based on the input of the

various experts contacted by AFSIA. They should be regarded

only as indicative of potential savings thanks to PUE and not

as absolute numbers valid across all situations . Similarly, the

companies listed are the companies which AFSIA managed to

identify during this research and may not be an exhaustive list

of all companies providing the PUE solutions at the time of

reading this report . We invite all companies which would like

to be featured to get in touch with the AFSIA team for future

editions of this PUE Catalog .

Photo credits: Opibus
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Thank you note

This first PUE Catalog compiled by AFSIA is the fruit of many

months of research, analysis and discussions with key industry

stakeholders .

First thanks go to Kersy Nsengiyumva, Research Associate at

AFSIA. Over the past few months, Kersy has relentlessly

researched the PUE market to build a comprehensive overview

of the PUE reality and potential in Africa . In doing so, Kersy has

developed solid knowledge about this nascent but key

segment of the solar industry .

A big thank you as well to Ines Rachel Dushime for overseeing

and reviewing this report, and sharing precious guidance and

advice to the team as it was discovering this emerging solar

specialty .

Photo credits: AGSOL
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We would also like to thank the PUE companies and experts who have accepted our invitation to share

information about their solutions and activities . AFSIA is very focused on the commercial reality of solar in

Africa and how this impacts individuals and companies tangibly . Without this candid contribution, we would

not have been able to present to you today this catalog alongside some key performance indicators and unit

economics information, which we hope will help the reader to build a better understanding of the reality of

PUE in Africa .

We would also like to thank other organizations who have previously documented research on this future

key segment of the African solar industry . Several reports have stood out while the AFSIA team was building

a better understanding and overview of the existing solutions within PUE. We would like to particularly

highlight the following reports and their authors for their efforts in compiling knowledge about PUE:

Å The Market Opportunity for Productive Use Leveraging Solar Energy (PULSE) in Sub -Saharan Africa by

Lighting Global

Å Off -Grid Solar Market Trends Report 2022 : State of the Sector by Lighting Global

Å Selling productive use of energy products to last mile consumers by the Global Distributors Collective

Å Nefco PUE Market Assessment March 2023 by TetraTech
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INTRODUCTION TO AREA OF APPLICATION IN PUE
Agriculture

Cold storage - positive

Solar freezer

Solar irrigation

Milling

Cold storage - negative

Drying

Egg incubator

Night fishing 

Milk chilling

Oil press

Electric fences
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Cold storage - positive
This term refers to storage at temperatures below room

temperature but above freezing (usually between 0°C and 15°C).

It is often used for products that do not need to be kept at very low

temperatures but need to be kept cool, such as fruits, vegetables,

and dairy products . In brief, cold storage keeps products that will

be consumed in a short period of time .

PUE in this context refers to cold storage systems that use solar

electricity as their source of energy .

Advantages of productive use of energy
for cold storage - positive
ÅExtends shelf life of perishable items, like fruits, and vegetables

ÅPreserves the quality of perishable items by maintaining the

flavor and texture

ÅGenerates positive financial returns by reducing food losses

Photo credits: ColdHubs

Photo credits: TERMQDIZAYN
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POSITIVE COLD STORAGE
BUSINESS CASE

Farmers cooperative

Assumptions: year -round production thanks to irrigation, 20% of production wasted 
when not enough quantity to be collected by aggregators, 10 years life of cold room, 
higher selling price thanks to increased negotiation power and better quality

CAPEX cold room

No cold room Cold room

OPEX - daily

Yield - daily

Profit - daily

Profit Ṿ10 years

USD 0

USD 0

160 kg 
(200 kg/day * 20% waste)

USD 80
(160 kg/day * USD 0.5 /kg)

USD 292,000

USD 40,000

USD 0

200 kg 
(200 kg/day * 0% waste)

USD 398,000

USD 120
(200 kg/day * USD 0.6 / kg)
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Photo credits: SokoFresh

Manufacturers & Distributors

Cold storage -
positive
Companies
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https://www.coldhubs.com/
https://kivucold.group/
https://www.solarfreeze.co.ke/
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https://coldboxstore.com/
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https://www.freshbox.co.ke/
https://solarcool.com.ng/
https://www.ecozensolutions.com/about-us
https://www.worldtechconsultgh.com/


TESTIMONIAL

Farmers in Nigeria are using ColdHubs cold storage rooms by

transferring their perishable foods into 20kg (44 lbs) returnable

plastic crates on a flexible pay -as-you -store subscription model .

They pay a daily flat fee of about $0.50 per each crate of food

they store .

By extending the shelf life of their perishable food from 2 days

to 21, ColdHubs reduces post -harvest loss by 80 %. The 54

installed ColdHubs stations saved 42,042 tons of food from

spoilage in 2020 . Consequently, with more of their harvest to

sell, smallholder farmers increased their monthly income from

previous $60 per month to a minimum of $120 per month .

Source

Cold storage - Positive

Photo Credits: ColdHubs
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Cold storage - negative
This type of cold storage is designed to maintain a temperature

below zero, generally between -15°C and 0°C.

Generating and maintaining these lower temperatures requires

slightly different equipment from positive cold rooms .

Negative cold rooms are used particularly for meat and fish, and

allow for extended preservation of the product as opposed to

positive cold rooms .

Negative cold rooms have a different business case from solar

freezers as they are generally used for semi -industrial or communal

use, where the solar freezers (described in the next section) are

more suited for individual use .

Advantages of productive use of energy
for cold storage -negative
ÅSuitable for produces such as fish, meat, vaccines etc

ÅLower energy consumption and reduced operating costs

compared to other types of negative temperature controlled

storage

Photo credits: Adili Solar Hubs
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COLD STORAGE - NEGATIVE
BUSINESS CASE

Slaughter house in Kenya

Assumptions: seasonal variations in volumes lead to waste of 650kg/day on average, 
average purchase price KSh 200/kg, avg sale price KSh 250/kg, 10 years life of cold room
Illustrative data provided by Baridi

CAPEX

No cold storage Solar cold room 
rental

OPEX - daily

Loss - daily

Gain - daily

Loss & Gain Ṿ10 years

USD 0

USD 20
(waste management fee)

USD 975
(650 kg/day bought and wasted)

(USD 2,985,000) 

USD 0

USD 25
($0.04 * 650 kg/day)

USD 1,235
(650 kg/day not wasted and sold)

USD 3,561,000

20
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Manufacturers & Distributors

Cold storage -
negative
Companies
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TESTIMONIAL

Fisherfolk in the Turkana County, which is the poorest county in

Kenya were struggling to get their fishes to urban centers fresh

or frozen due to lack of cooling infrastructure and the poor state

of the road network .

Adili Solar Hubs has worked on a solution for the fisherfolk after

assessing what was the issue, the absence of cold storage . They

installed cold hubs in the Turkana county where they have ever

since reduced fish spoilage .

The hubs installed in the county have increased the earnings of

the fisherfolk three -fold .

Source

Cold storage - Negative

Photo Credits: Adili Solar Hubs
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Solar freezers
Solar freezers are particularly helpful for keeping produce at

temperatures below 0°C to maintain a very long shelf life of the

product .

Solar freezers are different from negative cold rooms in that they

are significantly smaller and are meant for individual use (for

example at a shop) .

Solar freezers are ideal to keep a wide range of perishable products,

including meat, fish and poultry .

Advantages of productive use of energy
for solar freezers
ÅFarmers and traders can store their produce for longer periods of

time

ÅReduce the need for expensive and energy -intensive

transportation and storage methods

Photo credits: Koolboks

Photo credits: Kuza Freezer
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SOLAR FREEZERS
BUSINESS CASE

Kenyan fishermen

Assumptions: fishing 25 days/month, fish kept in freezer can be sold at higher price, 
all costs related to fishing excluded 
Illustrative data provided by Kuza Freezer

CAPEX Freezer

Solar freezer 
CAPEX

Solar freezer
PAYG

OPEX - daily

Revenue - daily

Profit - daily

Profit Ṿ3 years

USD 1,000

USD 0

USD 62,000

USD 150

USD 3

USD 70 
(20 kg catch * 0% waste * USD 3.5 / kg)

USD 59,565

USD 67

No freezer

USD 0

USD 12 
(buying ice)

USD 33 
(20 kg catch * 45% waste * USD 3 / kg)

USD 21

USD 18,900

USD 70

USD 70 
(20 kg catch * 0% waste * USD 3.5 / kg)

Photo credits: Kuza freezer
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Solar freezer
Companies
Manufacturers & Distributors

Photo credits: SureChill
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https://surechill.com/
https://zeroappliances.co.za/
https://www.yoummasolar.com/
https://sundanzer.com/
https://www.mpower.africa/#Home
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https://www.freshbox.co.ke/
https://www.raino.co.ke/
https://sosairen.org/
https://www.koolboks.com/
https://www.koolboks.com/
https://www.kuzafreezer.com/
https://pegafrica.com/
https://pegafrica.com/
https://www.ejaice.com/#about
https://www.adilisolarhubs.com/


TESTIMONIAL

Located in the heart of Badagry, Mrs . Oshuntolu's frozen food

store faces the challenge of frequent power outages in the area,

making it difficult to keep her 4 freezers running .

She used to run diesel generators as back -up during power

outages . And as a result, she ended up spending more than

N90 ,000 every month just to maintain the freshness of her food

products .

But since acquiring 3 Koolboks Freezers, she now benefits from

the sun's free energy and has completely abandoned the use of

her generator and power grid . She now exclusively relies on the

Koolboks Freezers for her business .

Solar freezer

Source
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Solar irrigation
This is a type of pump that is powered by solar energy .

It uses photovoltaic panels to convert sunlight into electricity,

which then powers the motor of the pump .

The pump is typically used to pump water from a well, borehole, or

other water sources for irrigation, livestock, and domestic use .

Advantages of productive use of energy
irrigation
ÅCost -effective in the long run, as they do not require fuel or grid

electricity to operate

ÅSuitable for remote areas where access to electricity is limited or

non -existent

Photo credits: Future Pump

Photo credits: SNV by SunCulture
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Types of water 
pump s
Submersible solar pumps : These pumps are installed directly in

the water source, such as a well or borehole at depth varying from

a few meters to a few dozens meters . They require a strong system

to pump up the water above ground level .

Surface solar pumps : These pumps are installed in the water body

at ground level and are used for pumping water from lakes, rivers,

or other shallow water sources . They are suitable for both domestic

and agricultural use .

AC pumps : These pumps require an inverter to convert the DC

power from solar panels to AC power to operate . They can also be

connected to the grid .

DC pumps : These pumps are directly powered by solar panels

without the need for an inverter . They are extremely efficient but

their pumping capacity is directly proportionate to the sunlight

intensity .

Photo credits: Desalegne Tadesse
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SOLAR IRRIGATION
BUSINESS CASE

1 acre grain farm

Assumptions: 2,000 kg/yr/acre with rain -fed, yield x2.25 with irrigation, USD 1/ kg , 
5 years life time of pump

CAPEX

Diesel pump Solar pump
CAPEX

OPEX - daily

Yield - yearly

Profit - yearly

Profit Ṿ5 years

USD 375

USD 0

USD 22,125

No pump
Rain -fed

USD 0

USD 0

2,000 kg 

USD 2,000

USD 10,000

Photo Credits: GIZ

USD 250

USD 3

4,500 kg 

USD 16,775

USD 3,450

Solar pump
PAYG

USD 30

USD 0.67

USD 21,983

4,500 kg 4,500 kg 

USD 4,500 USD 4,257
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Solar irrigation
Companies

Manufacturers & Distributors
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https://4rdigital.com/
https://www.sines.fr/
https://natfortenergy.com/
https://offgridsun.com/en/
https://sunculture.com/
https://paynpump.com/
https://simusolar.com/
https://www.vitalitegroup.com/
https://www.mpower.africa/#Home
https://oolusolar.com/
https://www.aress.solar/
https://solafrique.org/
https://ennos.ch/
https://africasolaire.com/
https://www.mpower.africa/#Home
https://www.sines.fr/
https://www.devsolaire-kin.com/
https://www.goshop.cd/
https://www.grundfos.com/
https://futurepump.com/
http://www.adritexkenya.com/
https://allintradelimited.com/product-category/solar-energy-products/solar-water-pumps/
https://villageenergy.com/solar-water-heater/


TESTIMONIAL

Over the past year, 20 ʤɇȺǰȼṜɵcooperatives supported by the

JP RWEE in Ngoma have seen an increase in fruit and

vegetable production . The yield from their lands have more

than quadrupled within a year, from an average of 3 to 13tons of

tomatoes and 1to 15tons of green peppers per hectare .

ṙ:ǰȊɇɭǰthe introduction of a solar -powered irrigation system,

my cooperative was suffering losses due to the use of a fuel -

powered irrigation system, spending over Rwf 200 ,000 ($184)

per month . The harvested vegetables ǢɇʋȱǩȼṜʃcover operational

ǢɇɵʃɵḬṚsays Goretti .

ṙ´ɇʤrṜȺvery happy our cooperative earnings have increased

from less than Rwf 200 ,000 to over 2M ($1,848 ) per season

through the sale of fruits and vegetables from the solar irrigated

land .Ṛ

Source

Solar Water Pump

Photo Credits: Mulugeta Ayene/WLE
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Milling
Milling is an essential component of eating in the majority of
communities in sub -Saharan Africa which rely on grains and
cassava for their main food intake .

Diesel mills have relatively low capital costs but high operational
costs and also leave a fuel fumes after taste in the milled product .

Electric mills offer an alternative to diesel mills, avoiding the bad
after taste and producing finer milled product which is more
appreciated . But they require access to electricity, which often
means long travel times to the city .

This is where solar mills have the best value proposition : they are
cheap to operate and can be installed in any rural location, thereby
significantly reducing the time and labor burden associated with
accessing milling services .

Advantages of productive use of energy
in milling
ÅFarmers process their own grain instead of relying on expensive

and often distant milling services

ÅReduces the labor required for grain processing and increase the

efficiency of the milling process

Photo credits: AGSOL

Photo credits: AGSOL
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SOLAR MILLING
BUSINESS CASE

960 kg/day maize milling

Assumptions: 120 kg/hr throughput, 8 h/day, diesel consumption 1.5 l/hr, lower price for 
diesel milling because lower quality, 3 years life of mill , 60 kWh/day @ $0. 25/kWh 
elec conso
Illustrative data from Efficiency for Access

CAPEX

Electric milling Solar milling

OPEX - daily

Revenue - daily

Profit - daily

Profit Ṿ3 years

USD 2,000

USD 15

USD 154
(960 kg/day * USD 0.16 /kg)

USD 122,740

USD 10,000
(4 * USD 2,500 for 120kg/h)

USD 0

USD 128,240

USD 154

Diesel milling

USD 1,000

USD 12
(O&M + repairs not included)

USD 96 
(960 kg/day * USD 0.10 /kg)

USD 84

USD 74,600

USD 139

USD 154
(960 kg/day * USD 0.16 /kg)
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Milling
Companies
Manufacturers & Distributors
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https://mwezi.org/
https://sosairen.org/
https://agsol.com/
https://productivesolarsolutions.com/
https://www.imaratech.co/solar
https://www.alphages.com/
https://solarmilling.com/about-us/
https://solarmilling.com/about-us/


TESTIMONIAL

Sarafina Betty Namusobya and Annette Kubonaku Bazibu are

utilizing solar -powered milling technology in Uganda .

Namusobya reports that her solar mill can process 250

kilograms of cereals daily . After operating the business for two

months, she is earning an average of Shs30,000 to Shs40 ,000

per day from milling for other individuals . This income has

allowed her to purchase her own mill for her poultry farm,

enabling her to be self -sustaining .

She no longer needs to buy feed from other producers and

neighboring poultry farmers now purchase feed from her . This

has turned her home into a source of income, where people buy

or mill their produce . Namusobya has also provided training to

other farmers in the area .

Source

Milling

38










































































































































































































